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Sediments, Structural Framework, Petrcleum Potential, Environmental
Conditions, and Operational Considerations of the United States
South Atlantic Outer Continental Shelf

By the U.S. Geological Survey

ABSTRACT

The area designated for possible o0il and gas lease sale in
Bureau of Land Management memorandum 3310 #43 (722) and referred
to therein as part of the United States South Atlantic Outer Conti-
nental Shelf (OCS) contains about 98,000 square kilometres of the
continental margin seaward of the 3 mile offshore limit and within
the 600 metre isobath. The designated area, offshore of North Caro-
lina, South Carolina, Georgia, and Florida, encompasses parts of three
physiographic provinces: the Continental Shelf, the Florida-Hatteras
Slope, and the Blake Plateau.

The structural framework of the U.5. South Atlantic region is
dominated by the Southeast Georia Embayment --an east-plunging depression
recessed into the Atlantic Coastal Plain and shelf between Cape Fear,
North Caroiina and Jacksonville, Florida. The embayment is bounded
to the north by the Cape Fear Arch and to southeast by the Peninsular
Arch.

Refraction data indicate a minor bacement(?) ridge beneath the
outer shelf between 30° and 32°N at 80°W. Drill hole data also

suggest a gentle fold or accretionary structure (reef?) off the east



coast of Florida. Several other structural features have been identi-
fied by refraction and reflection techniques and drilling. These are
the Yamacraw Uplift, Burton High, Stono Arch, and the Suwannee Channel.
Gravity and magnetic anomalies within the area probably result
from emplacement of magma bodies along linear features representing
fundamental crustal boundaries. Of these anomalies, the most prominent,
is a segment of the East Coast Magnetic Anomaly which crosses the
coast at Brunswick, Georgia. This anomaly has been interpreted as
representing an anciént continental boundary where two formerly
separate continental plates collided and were welded together.
There may be as much as 5,000 m of sedimentary rocks in the Southeast
Georgia Erbayment out to the 600 m isobath. Basement rocks beneath
the Southeast Georgia Empayment are expected to be similar to those
exposed in the Applachian Piedmont province. Triassic deposits
are likely to exist beneath the inner Continental Shelf, and probably
consist of nonmarine arkosic sandstones, shales, basalt flows, and
diabase intrusions deposited in relatively narrow northeast-trending
grabens. Jurassic marine carbonates in the Bahamas grade northward
to carbonates, shales, sand, and arkose in North Carolina. Salt may
be present in the basal Jurassic section in the Southeast Georgia
Embayment. Up to 4,000 m of Jurassic~Lower Cretaceous rocks are expected
out to the 600 m water depth. Lower Cretaceous rocks in southern Florida
are shallow-water marine limestone and dolomites with beds of anyhydrite.
In coastal North Carolina the Lower Cretaceous is a marine section made
up of shales, sand, and sandy limestone. The Upper Cretaceous is composed
almost entirely of marine carbonates in southern Florida grading northward

to nonmarine to marginal marine, sandstones and shales with minor amounts of



carbonates. In general, Upper Cretaceous rocks will probably maintain a

fairly constant thickness (600 m) on the Continental Shelf and grade down-

dip from terrigeneous sands and shales to more marine chalks, limestones,

and dolomites. The Cenozoic rocks are predominently shallow-water marine
carbonates in Florida grading northward into a marginal marine to marine clastic
facies composed of sands, marls, and limestones. The offshore Ceno-

zoic section is expected to range in thickness from 600 to 1100 m.

A reconstruction of the geologic history suggests that the present
continental margin is a result of a collision of the North American and
African continental plates during late Paleozoic time and later modification
during Late Triassic time when the continental plates separated, forming
the present Atlantic Ocean.

No commercial production of hydrocarbons has been developed on the
Atlantic Coastal Plain immediately adjacent to the studied area even
though hydrocarbon shows have been encountered in onshore Coastal Plain
wells of North Carolina, Georgia, and Florida. However, the offshore
Southeast Georgia Embayment appears to have the necessary elements
for hydrocarbon production =-- traps, source rocks, and reservoir
rocks. Pocential hydrocarbon traps are expected to be chiefly stratigraphic,
such as facies changes, updip pinchouts, reefs, and uncomformities,
although drape structures and low relief anticlines may prove to be
important. Potential source rocks in the Southeast Georgia Embayment
may include organic-rich Lower Cretaceous shale (300 m thick) and
carbonaceous Jurassic and Cretaceous carbonates. The Lower Cretaceous-—
Jurassic age rocks are considered to be the most perspective for

hydrocarbon entrapment.



A geological analog to the Southeast Georgia Embayment might be the
Senegal Basin on the west coast of Africa, and the Southwegt Florida
Embayment where the tectonic and stratigraphic frameworks appear to be
similar.

Statistical mean estimates for the undiscovered recoverable petroleum
resources are calculated to be 0.4 billion barrels of o0il and 0.7
trillion cubic feet of gas. At the 5 percent probability level (1 in 20
chance) the undiscovered recoverable petroleum resources are calculated to
be 1.5 billion barrels of o0il and 2.8 trillion cubic feet of gas.

These undiscovered recoverable petroleum resources are those quanti-
ties of 0il and gas that may be reasonably expected to exist in
favorable settings, but which have not yet been identified by drilling.
Such estimates therefore carry a high degree of uncertainty.

The general paucity of "reserves" of hard minerals (other than
oil and gas) of the U.S. Atlantic OCS area appears to result not from
insufficient sampling but from an actual dearth of such minerals.

Potential hazards that could be associated with future petroleum
development inciude: (1) weakening or possible damage to offshore construction
due to collapse of solution cavities in carbonate rocks, poor support
characteristics of shallow clay or peat layers, mobility of surficial
sediments, or hurricane waves; (2) a shoreward concentration of
surface drift toward the coast of northern Florida, especially
in the vicinity of Cape Canaveral, which might concentrate offshore
0il spills; (3) indications of continuing high level of seismic
activity in the Charleston area and (4) exacerbation of salt water intrusion

into the Floridan aquifer, a major source of potable water.



With respect to operational considerations, our highest esti-
mates indicate that 20-25 platforms, 440 producing wells, 800 km of
pipeline, and 4 onshore terminals may be needed. The time frame
for production, using our high estimates (at the 5% probability
level) for the undiscovered recoverable resources, could include
4-5 years for significant development, 6-7 years until production

commences, and 12-16 years until peak production.



I. Introduction

This report was prepared in answer to the Bureau of Land Management
(BLM) memorandum 3310 #43 (722) requesting, from the U.S. Geological
Survey (USGS), a summary report describing the geology, potential mineral
resources, est’mated oil and gas resources, potential environmental hazards,
and operational considerations of the United States South Atlantic Outer
Continental Shelf (OCS) area. The report will be used in evaluating the
possibility of an oil and gas lease sale. Researchers from academic
institutions, government agencies, and industry have studied the United
States South Atlantic OCS area and it is from their published knowledge
and the ongoing USGS research and field projects that this synthesis is
made.

The area under consideration for possible 0il and gas lease sale
in BLM memorandum 3310 #43 (722), and referred to therein as part of the
South Atlantic (OCS), is shown in Figure 1. This area includes part
of the United States East Coast Continental Shelf, part of the Florida-
Hatteras slope, and the innermost part of the Blake Plateau. The area
is bounded to the west and northwest by the 3 mile offshore limit, to
the southeast by the 600 metre (m) isobath, to the northeast roughly by
the Cape Fear Arch, and to the south by 28.5 degrees N latitude (Fig. 1).
It encompasses approximately 98,000 square kilometres and is popularly
referred to as the "Southeast Georgia Embayment™.

The term Southeast Georgia Embayment was used by Toulmin (1955) to
refer to an east-plunging depression recessed into the Atlantic Coastal
Plain between Savannah, Georgia, and Jacksonville, Florida. This depres-

sion was originally named the "Okefenokee Embayment” by Pressler (1947) and
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called the Atlantic Embayment of Georgia by Herrick and Vorhis (1963).
Pressler (1947) did not give definite bounds to the Okefenokee Embayment,
but did note that it was probably on the southern end of a larger embay-
ment, Later, Murray (1961, Fig. 3.1) used the more inclusive term
"Savannah Embayment" to refer to the structural depression which extends
from the Cape Fear Arch to the Peninsular Arch and is open-ended in a
seaward direction. Although the term "Savannah Embayment" may be

the preferred usage for the area presently being studied, we will

use the popular term "Southeast Georgia Embayment".

The Southeast Georgia Embayment has at least some and possibly
all of the favorable geological characteristics of a prospective
petroleum province. These are known to include a thick section of
marine sedimentary rocks and hydrocarbon shows (onshore), and are believed
to include potential hydrocarbon traps (both structural and strati-
graphic), potential reservoir rocks, sealing beds to prevent vertical
hydrocarbon migration, and potential source beds. Because no deep
wells have been drilled in the immediate offshore area, the probability
of finding petroleum car: only be judged subjectively from the data of
wells drilled along the coast and from %imited geophysical surveys.
Therefore, much of this report describes the surface and subsurface
geology of the Coastal Plain in South Carolina, Georgia, Florida, and
the Bahamas.

Based on the analysis of the petroleum geology of the Southeast

Georgia Embayment, the Resource Appraisal Group (RAG) of the USGS



appraised (in terms of probability) the "undiscovered recoverable
petroleum resources" of the studied area. These undiscovered recov=-
erable petroleum resources are those quantities of o0il and gas that
may be reasonably expected to exist in favorable settings, but which
have not yet been identified by drilling. Such estimates, therefore
carry a high degree of uncertainty. RAG's estimates, in turn, were
used by the Conservation Division of the USGS to project the manpower,
infrastructure, and time frame necessary for exploration and develop-
ment of the South Atlantic Outer Continental Shelf oil and gas resources.
In addition to describing the geology, petroleum geology, and
potential petroleum resources of the Southeast Georgia Embayment, this
report was aimed at identifying potential environmental hazards. Studies
of potential environmantal hazards have been approached by examining the
specifics of such considerations as: ocean circulation, weather condi-
tions, movement and stability of shallow sediments, seismicity, aquifer

conditions, potential drilling hazards, man-made hazards, etc.
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II. Geology
A. Physiography of the Offshore Region

The continental margin between Cape Fear and Cape Canaveral
may be divided into a continental shelf and a deep water plateau
or continental borderland known as the Blake Plateau. The two are
connected by a continental slope, the Florida-Hatteras slope (Fig.

2).
1. Continental Shelf

The continental shelf ranges greatly in width, from 33 km at
Cape Hatteras to a maximum width of 135 km between Charleston, South
Carolina and Jacksonville, Florida and then narrows to less than 1
km north of Miami, Florida (Fig. 3).

The shelf gradient is generally less than 0°10'. The depth of
shelf break between Cape Romain and Cape Canaveral (temporarily called
Cape Kennedy at the time when Fig. 3 was produced) is between 50 and
70 metres (Uchupi, 1967). The shelf surface is irregular, and cuspate
projections occur off Capes Canaveral, Romain, and Fear (Emery and Uchupi,
1972) (Fi¢. 4) and sand ridges are aligned at right angles to the shore-
line (Fig. 5;. 5helf irregularities also include low algal banks
along the Carolina coast (Pearse and Williams, 1951), terraces and
reefs. As many as seven terraces or submerged shores have been recog-
nized from echo-sounding data on the shelf between Miami and Cape
Hatteras; one of these terraces is as deep as 120 m, thus well below

the shelf break.

11
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Fig. 3 - From Uchupi (1967, Fig. 1, p. 157).
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Numerous reefs also dot the shelf. Some are within a few kilometres
of shore where they consist of lower Miocene marl overlain by a great
variety of encrusting calcareous organisms. In addition to the
actively growing inner shelf reefs, ancient algal reefs (dated at
about 19,000 years old) border the shelf break. Sounding profiles
indicate that these reefs extend more or less unbroken for the entire
length of the slope from Miami to Cape Hatteras in water depths of
80~100 m.

Areas of gsmooth topography near the shore and along the shelf
edge have fine-grained detrital and calcareous sediments, while areas
of undulating topography covering most of the shelf have medium to
coarse sands (see section on marine surficial sediments, below) (Uchupi
and Tagg, 1966).

2. Florida-Hatteras Slope

The Florida-Hatteras Slope (Figs. 2 and 3) has been discussed
by Uchupi (1967, p. 159) as follows:

"Seaward of the shelf and separating it from the Blake

Plateau is the Florida-Hatteras Slope, a relatively smooth

slope witi: a gradient that rarely exceed 1° (7m/km). 1Its

relief ranges from 700 meters east of Cape Kennedy to less

than 10 meters off Cape Lookout. This slope extends only

a few kilometers northeast of Cape Lookout before it blends

with the Blake Plateau."

3. Blake Plateau

The Blake Plateau has an average depth of 850m and is described

as follows by Uchupi (1967, p. 154):

16



North of Latitude 32° the Blake Plateau is relatively
smooth, dips seaward with a gradient greater than 0°30'
( 9m/km), and forms a transitional zone between the conti-
nental slope to the north and the broad and flat plateau
proper to the south. The plateau is widest south of Lati-
tude 30°. This segment of the plateau is relatively smooth,
except for a rough zone near the base of the Florida-Hatteras
Slope. This irreqgular zone extends from the Straits of Florida
to Cape Romain. Between Latitudes 30° and 32° the jagged
topography extends across the plateau. Within the area of
rough topography are large, broad and generally flat-bottomed
hollows with reliefs in excess of 40 meters. Around the margins
of these lows and occasionally within them are innumerable
conical hills that add to the relief of the depressions and
accentuate the roughness of the topography. Bottom samples
and bottom photographs indicate that the conical hills are
coral mounds.

Seismic profiles (see section on shallow structure of the continental
margin) clearly show that the depressions on the western Blake Plateau
are erosional scour pits thought by Pratt and Heezen (1964) to be

eroded by the Gulf Stream.
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B. Marine Surficial Sediments
1. Texture

Sand veneers the shelf and slope (Fig. 6). Gravel is less
than 10 percent of the surficial sediment and is limited to a few
areas on the inner Blake Plateau below the Gulf Stream. Silt
forms less than 20 percent of the sediment, although it can
exceed 40 percent along the Florida-Hatteras Slope. Though clay
is nearly absent in shelf sediments, it increases on the Florida-
Hatteras slope,

Detailed studies of the Continental Shelf off Georgia show that
fine sand is present near shore out to a water depth of 10 m  (Howard, Frey,
and Kingery, 1973; Howard, Frey, and Reineck, 1973) and coarse sand
covers the mid-shelf area. This break in sediment size at the 10 m water
depth has been postulated to be the relict-recent boundary (Pilkey and
Frankenberg, 1964). Remnant marsh or estuarine deposits occur
locally as patches of semi-consolidated mud.

2. Composition

Sheif sand becomes increasingly carbonate-ricly both southward
and seaward (Fig. 7} because of increasing fractions of fragments
of mollusks, coralline algae, barnacles, and oolites (Milliman,

1972). Near shore, a relatively high feldspar-~low carbonate sediment
composition reflects the run-off from the Piedmont Province rivers

(Field and Pilkey, 1969). Further seaward, shelf sediments show a
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low feldspar content and a high carbonate content. Non-carbonate
grains include quartz and feldspar and glauconite with localized
occurrences of phosphorite, rock fragments, mica, and giliceous
biologic remains (Milliman, 1972).

On the inner shelf off Carolina the carbonate 1S concentrated
in the fine fraction, whereas on the mid and outer shelf the
carbonate becomes equal in all fractions and beyond the shelf break
the carbonate becomes greatest in the coarser fraction (Molina and
Pilkey, 1972). Carbonate sand is the dominant sediment type on the
inner Blake Plateau.

On the Florida-Hatteras Slope relict dark glauconitic sands
dominate (Milliman, 1972). The clay mineral facies of the shelf and
slope is characterized by montmorillonite and kaolinite (Hathaway,
1971, 1972).

3. Sediment Sources

Surficial sediments of the continental margin are derived from
rivers, carbonate precipitations and authigenic deposition. Fluvial
sediments of the shelf and slope between Cape Fear and northern
Florida are less feldspathic than sediments ®f the north and are
probably derived from southern Piedmont rivers. (Milliman, 1972).
Three heavy-mineral provinces have been identified off Georgia,
originating from the Savannah, Ogeeches and Altamaha Rivers

(Gadow, 1972).
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Although Piedmont rivers furnished most shelf sediment and
sediments have apparently had a complex history, and many were most
recently derived from older continental margin deposits (Field and
Pilkey, 1969; Pilkey and Field, 1972). The glauconite sands of the
slope (Milliman, 1972) and phosphorites of the shelf (Pevear and
Pilkey, 1966) apparently were produced in this manner.

Examination of cores taken from the inner shelf off central and
northern Florida (Field and Meisburger, 1973) indicates that most of
Holocene shelf sediments were derived from erosion and reworking of
shelf substrata and that direct fluvial contribution has been
negligible during the last rise of sea level. Easily eroded semi-
lithified Tertiary and Pleistocene deposits crop out or lie a short
distance below the bottom. Winnowing of sediments derived from these
deposits probably accounts for the veneer of orthoquartzitic sand
that mantles the inner shelf. Progressive upward depletion of fine
constituents within the Holocene sand and presence of components
(Foraminifera, phosphorite grains) apparently derived from below
are regarded as evidence of continuity with underlying strata.

4. Depositional Environmen;s

Some sediments on the shelf of the Southeast Georgia
Embayment are clearly not in textural equilibrium with the pre-

. sent wave and current regime. The abundance of black shells,
oolites, and shallow water fauna across the shelf indicate that

some sediments were deposited in a reducing coastal environment
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during the last transgression of the sea (Pilkey and others, 1969).
Lipp and others (1975, p. 510) have identified at least six deposi-
tional environments in shelf sediments off Ocracoke Inlet, North
Carolina, including present day shelf sands, Holocene open estuary
mud-sand-gravel sequences, early Holocene lagoon muds, early
Holocene marsh peat, pre-Holocene sands, and pre-Holocene mud.

Milliman, Pilkey, and Ross (1972, p. 1315) summarize as
follows:

"Although most sediments are not in compositional equilibrium
with the present-day shelf environment, there is considerable
evidence to suggest that many may be in at least partial
textural equilibrium. Holocene reworking has removed most of
the fine-grained sediment,.leaving only coarse to medium sand.
Some fine-grained fluvial sediment escapes the estuaries and
near-shore during floods and storms, but this influx is not
sufficient to offset the effect of winnowing by currents and
waves. A significant portion of the modern nearshore sediment,
in fact, may be derived from landward transport of fine grained
sediment from the central and outer shelf."

It is possible that much of the sediment transport that is
taking place, occurs in a cross-shelf direction; and that lateral
transport is not important, as sharp, cross-shelf boundaries are
prresent in several sedimentary parameters (carbonate and phosphorite

abundance, iron staining and feldspar anomalies) (Milliman, Pilkey

and Ross, 1972).
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C. Structure
1. Major Structural Features of the Region

The most prominent structural features on the United States
South Atlantic Coastal Plain are the Cape Fear Arch, the Southeast
Georgia Embayment, and the Peninsular Arch (Fig. 8 ).

Southeast Georgia Embayment. The Southeast Georgia Embayment

is an east-plunging depression recessed into the Atlantic

Coastal Plain between Cape Fear, North Carolina and Jacksonville,

Florida. Basement dips seaward from the south flank of the Cape

Fear Arch which bounds the embayment on the north, and the central
Georgia Uplift and Peninsular Arch which bounds the western and south-
eastern limits of the embayment, respectively (Fig. 8 ), From the
Fall Line, the basement surface dips seaward at 2 m/km to a depth of
approximately 900 m then the dip steepens to about 23 m/km (Maher,
1971). Cross sections by Maher (1971) indicate thg depth of basement
rocks at the coast are in excess of 6,100 m in southern Florida, 1,500
m in southeast Georgia, and 420 m on the Cape Fear Arch.

Originally, Woollard and others (1957) identified offshore base-
ment, which they considered Precambrian in age, as refractors with
velocities in excess of 5.6 km/sec. Most recent studies also define
basement in the area as rock with velocities in excess of 5.6 km/sec.
Although basement is now considered simply as pre-Cretaceous in age, high-.

velocity (5.6 to 6.2 km/sec) Lower Cretaceous rocks certainly can exist.
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In this report, the term basement will be used to mean rocks
with velocities in excess of 5.6 km/sec, and it will be assumed
that some high velocity Lower Cretaceous rocks may be included
as shown in profiles (locations - Fig. o, profiles - Fig. 10).
Contours on this high velocity surface are shown in Figure 11.

Seismic refraction studies indicate that basement reaches
depths in excess of 6 km on the mid-shelf just south of 30°N and
that this is probably the deepest point in the pre-Cretaceous
basement in the Southeast Georgia Embayment (Fig. l1),.

In the Cape Fear area, Woollard attributed several high
velocities (6+ km/sec) to refractors within the basement. If the
lower velocity refractors (5.6-6.0 km/sec) were actually within the
Cretaceous and the higher velocity refractors represent basement, then
basement off Cape Fear may be at a greater depth than previously thought
and may show some structural features to account for the sudden
deepening. Data from coastal wells in Georgia indicate approxi -
mately 1,500 m of sediments over the pre-Cretaceous crystalline
basement in the Southeast Georgia Embayment near the shoreline.

Well data also indicate that the basement surface beneath the
basin slopes uniformly seaward to about 80 km seaward of the

coast, where its dip steepens greatly (Scott and Cole, 1975, Fig. 7).
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Cape Fear Arch - Flanking the Southeast Georgia Embayment to

the northeast is a broad upwarp, the Cape Fear Arch (Stephenson,
1926, 1928). This upwarp is a southeast-plunging basement nose ex-
tending from near the Fall Line and to at least the North Carolina coast-
line. The time of origin of the Cape Fear Arch has been variously
cited as from Early Cretaceous to early Miocene (Maher, 1971).
Siple (1965) and Eardley (1951) have suggested that uplift probably
occurred 1ntermittently during various geologic periods. Cenozoic
uplift of the arch resulted in widespread truncation of Cretaceous
rocks, a relation that can be seen on the Geologic Map of U.S.
Along the crest of the arch near the North Carolina coastline, the
basement rocks are covered by about 470 m of sedimentary strata
(Maher, 1971). The arch plunges southeastward at approximately

2.5 m/km onshore (Olson, 1973). Depth tc basement along the flanks
of the arch are about 1500 m near Cape Lookout, North Carolina and
760 m near Cape Romain, South Carolina.

Selsmic refraction data (Meyer, 1956, Hersey and othefs, 1959)
suggests a seaward extension of the arch across the continental
shelf and the Blake Plateau. At the edge of the continental
shelf, the basement rocks on the crest of the arch are 1200 m
below sea level (Maher, 1971). Ewing, Ewfng, and Leyden (1966,
Fig. 26) suggest a more southerly directlion for the seaward exten-
slon of the Cape Fear Arch. However, a U.S.G.S. seilsmic profile
which 18 just landward and parallel to Ewing, Ewing, and Leyden's
(1966) profile C-9, contains a reflector of probable Late

Cretaceous age which is only slightly warped across the entire
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length of the profile (Dillon, 1974).

Peninsular Arch - The Peninsular Arch flanks the Southeast

Georgla Embayment to the southwest and is the dominant positive
subsurface structural feature in the southeastern United States.
The Peninsular Arch formed the backbone of the broad Florida
Platform throughout the entire geological time interval from
Paleozoic to Holocene (Chen, 1965). Parts of the Peninsular Arch
have been variously designated as 'Central Georgia Uplift" and
"Ocala Uplift" (Fig. 8 ), however the Peninsular Arch--Central
Georgia Uplift represents the late Paleozoic and Mesozoic positive
axis and the Ocala Uplift, located on the western flank of the
arch, reflects lower Cenozolc upwarping (Murray, 1961). Isopach
and lithofacles patterns suggest to Cramer (1974) that the

Central Georgia Uplift may have also been positive during the
early Cenozoic. The core of the Peninsular Arch -- Central
Georgia Uplift is made up of Early Paleozoic rocks (Murray, 1961).
Although the arch is a prominent northwest-southeast subsurface struc-

turai feature, gravity and magnetic data do not reveal its presence.

2. Structures Inferred from Gravity and Magnetic Anomalies

Many gravity and magnetic anomalies in the U. S. South Atlantic
Province appear to result from compccitional changes within the
basement rather than major basement structural features. They may
result from emplacement of magma bodies along linear features,
probably representing fundamental crustal boundaries. Reactivation

of these crustal boundaries by faulting throughout the epochs of
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Mesozoic and Cenozoic sea floor spreading in the Atlantic might |
have influenced the overlapping sediments, as suggested by Brown
and others (1972) and Sheridan (1974). Therefore, along these trends
of major magnetic and gravity anomalies, slight horst or dome
developments might be expected, as found in the Baltimore Canyon
Tfough.

The most prominent magnetic feature of the continental margin
is the East Coast Magnetic Anomaly, a positive magnetic anomaly of
about 150-250 gammas (Drake, Heirtzler, and Hirshman, 1963; Taylor,
Zietz and Dennis, 1968). The Slope Anomaly is bounded on the sea-
ward side by the magnetic "quiet zone" (King, Zletz, and Dempsey, 1961,
Heirtzler and Hayes, 19¢7; Taylor, Zietz, and Dennis, 1968). Taylor,
Zietz, and Dennis (1968) show bifurcation of the East Coast Magnetic
Anomaly south of Cape Hatteras (Figs. 12 and 15 ). One positive
trend continues under the central part of the Blake Plateau. Another
prominent positive and negative magnetic anomaly swings westward and
apparenily crosses the coast at Brunswick, Georgia. There is also a
prominent positive free-air gravity anomaly trending along the shelf
slope boundary which bifurcates at 31°N lat. (Rabinowitz, 1973). One
branch continues southward along the edge of the Continental Shelf
off Florida and the other branch crosses the Georgla coast at about
the same position as the magnetic anomaly.

A major lithologic boundary occurs in the pre-Cretaceous rocks
where the anomalies go ashore in Georgia. Rhyolitic and basaltic

volcanics are found south of granitic basement (Applin, 1951). Model

32



Magnetic contours
M .merica' volues ara given
" hundreds of gammas
retative 10 an arbitrary dotum,
hachures dangte ureos
.’ lower nrensity,
i nterval 100 gemmag

Anas

005 fythoms
2%

IO r
- * ———

Fig. 12

100 gammas.

¥ LUMETERS

'<:7U11 ’ v ,
N S
s

v

P

AP PROXIMATE

33

- Total intensity magnetic anomaly map, ®elative to an arbitrary

datum (after Taylor, Zietz, and Dennis, 1968). Contour interval equals



36°

34°

30°

28°

26%f——.

7,
249 .

22°

Y

200 MILES
ey
100 [¢] 100 200 KILOMETERS
TR b )

Fig. 13 - Major gravity and magnetic anomaly trends in the area.
Dashed line is the positive free-~air gravity greater than 20 mgal.
Dot-dashed line is the positive total intensity magnetic anomaly,
150~250 gammas, running along the shelf edge and along the Appalachians.

The line of circles maps the prominent negative magnetic anomaly swing-
ing into Georgia.

34



studies suggest to Taylor, Zietz, and Dennis (1968) that the nega-
tive part of the east coast anomaly which crosses Georgia reflects
a felsic intrusion. Rabinowitz (1973) and Long (1974) have also
suggested a possible igneous intrusive body to account for the
gravity high that swings through the Florida-Georgia area. 1In
Tift County, Georgia there is a 50 mgal circular positive anomaly
(the largest of three such anomalies) which may correlate with the
westward extension of the East Coast magnetic anomaly (Long, 1974).
The anomaly is the size and character of an anomaly that could be
produced by a volcanic plug (Long, 1974).

These gravity and magnetic anomalies may be old plate boundaries.
Long (1974) postulates that the anomaly over the southwestern Georgia
Coastal Plain may reflect collision or separation between old plates.
Taylor, Zietz, and Dennis (1968) also suggested that southern Georgia
and Florida were added to the paleocontinent in pre-Paleozoic time.

There is substantial data to suggest this interpretation.
Taylor, Zietz, and Dennis (1968) note that Applin (1951) and Murray
(1961) have indicated that a change exists in the basement lithologies
across the 31st parallel, using data from deep wells. Arden (1974)
reports that deep drilling in the southeastern states has revealed
a buried terrain of Lower Paleozoic and possibly older rocks that
seem to have no counterpart in North Bmerica. Zietz (1975, personal
communication) believes that continental crust is both north and

south of the landward east-west anomaly, but that the crust is from
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two "different" continents. On the basis of faunal evidence, Wilson
(1966) suggests that Florida was not connected to the North American
land mass during the early Paleozoic. Cramer (1971) noted that
Lower Paleozoic phytoplankton from northern Florida appear to

have closer affinity with strata from western Africa than with the
Appalachian area. Alternatively, Long and Lowell (1973) interpret
the east-west magnetic anomaly as a narrow pre-Cretaceous, probably
Triassic, rift zone.

In a different interpretation, Emery and Uchupi (1972) suggest
that the westward trending magnetic feature is unrelated to the
East Coast Anomaly. According to Emery and Uchupi (1972) "the
causative body of the positive East Coast Magnetic anomaly" is a
deep-seated ridge (about 10 km) of oceanic basaltic material nor-
mally polarized, which was emplaced duringthe initial stages of rift-
ing. If this interpretation 1s correct, there could be a series
of east-west orlented drape structures (see Potential Hydrocarbon
Trap section) which could be potential hydrocarbon traps.

A group of magnetic and gravity anomalies which may result
from structural effects are located between 32° and 33° N lat. at
about 78%40'W long. south of Cape Romain. Three prominent circular
Bouguer positives are aligned north-south, with values of +50 to
+70 mgals (Plate 1). These Bouguer anomalies coincide with the mag-
netic anomalies, shown on the underlain Project Magnet Map (U.S.

Navoceano Map Series No. 5953-5958, Total Magnetic Intensity, Survey
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attitude over the oceans - 500 ft., Contour Interval 50 gémma,

Survey years 1964-1966). A model and an east;west profile over one
of these magnetic anomalies is shown in Fig. 14, . Susceptibility
contrasts as between granite and gabbro and a remnant magnetiza-
tion similar to the parameters determined paleomagnetically for the
Jurassic White Mountains intrusives was used in the model. The coin-
cidence of magnetic and gravity positives agrees well with the inter-
pretation that the "Cape Romain Anomalies' are due to dense gabbroic
intrusions in the crust.

Rabinowitz (1973) examined nineteen free-air gravity profiles
across the United States Atlantic Margin, six of which were located
south of Cape Hatteras. He found on all the profiles a free-air
gravity high which corresponds almost exactly to the shelf-slope
boundary. The topographic effect of the shelf edge and the isostatic
compensation of the shallowing mantle for the increasing water
depth and thick marginal sediments explains most of the free-air
gravity high near the shelf edge (Rabinowitz, 1974). However, a
small isostatic anomaly of approximately 40 mgal remains, perhaps

due to dense reef rock within the sedimentary section.
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3. Shallow strueture of the Continental Margin

The shallow structure of the shelf and inner Blake Plateau
has resulted from a sedimemtary (carbonate) upbuilding of the area
during Tertiary—-more rapid on the shelf than on the Blake Plateau.
This is displayed best by the extensive set of single-channel
seismic reflection profiles collected hy a U.S. Geological Survey
- Woods Hole Oceanographic Institution joint program and reported
by Uchupi and Emery (1967), Emery and Zarudzki (1967) and Uchupi
(1967, 1970). TPigure 15 displays a series of these profiles at
the north end of the area. Profiles 136 and 134 show deeper shelf
reflectors truncated at the continental slope with progradation
and mantling of the rise by younger sediments. These two profiles
and profile TW 8 form a transition zone in slope structure between
the typical shelf-slope~rise configuration found to the north and
the shelf-Florida-Hatteras slope - Blake Plateau arrangment found
to the south (Uchupi and Emery, 1967). In TW 8, the strata,
as indicated by reflectors, have apparently prograded across the
width of cne Blake Plateau. The structure indicated in profile
TW 9 is more typical of the area, with the shallow reflectors of
the Blake Plateau dipping gently seaward, apparentlj having
built up and out across this erosional surface. The same pattern is
repeated in the proviles to the south (locations shown in Fig.
16, profiles in Fig. 17). The erosion of the Blake Plateau

surface and the extension of this erosional surface westward
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beneath the present shelf is thought to have been caused by

scour of the Gulf Stream. The unconformity is apparently of Paleocene
ape bamed on drilling and, accordilng to Uchupi (1970), may represent
evidence tor a time when the Gulf Stream invaded the Blake Plateau

by way of the Straits of Florida. Uchupi (1970) further suggests

that the erosion of the surface west of the present shelf break
occurred before the Gulf Stream migrated to its present position.
Subsequent outbuilding was within the Eocene and Miocene sections and
post-Miocene (Bunce and others, 1965; Schlee, in prep.).

Contours on the inferred base of the Tertiary section and isopachs
of supposed Tertiary deposits have been preseqted by Ewing, Ewing
and Leyden (1966) and Uchupi (1967). These show considerable
disagreement, the former authors indicate a landward dip to the
top of the Cretaceous section and about 1500 m of Tertiary sediment
at the shelf edge, whereas Uchupi (1967) shows a'southward dip of
the top of the Cretaceous beneath the Blake Plateau with about
600 m of Tertiary section at the shelf edge. The discrepancy
probably results from different choices of a reflector to represent
the top of the Cretaceous section. This interface has never been
drilled, but Uchupi's choice was based on dredged Cretaceous fossils
obtained from the surface of the Blake Plateau (Uchupi, 1975,
oral communication). Uchupi (1970) suggests that reflector A
(Fig. 17 ) represents the top of the Cretaceous and that the
irregular reflector above it in profile 80-81 may mark the top

of the Paleocene.
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The outer shelf 1s characterized by a complicated pattern of
erosion, deposition and slumping. Pilkey, MacIntyre and Uchupi
(1971) recognized at least six such sedimentary sequences separated
by disconformities off Cape Fear. These structures probably
developed during the Pleistocene as a result of sea-level fluctuations
and migrations of the Gulf Stream. Mounds, formed within this
zone are considered probably to be produced by deep-water
Pleistocene corals and ridges on the outer shelf are presumed to
have been formed by late Pleistocene calcareous algae (Zarudzki
and Uchupi, 1968). The pattern of development varies along the shelf
edge, as north of profile 90 (Fig. 16 ) erosion and re-covering
by sediments has occurred, whereas profiles 90, 88, and 86 were
eroded with no subsequent mantling of sediment and profiles 81 and
82 show little evidence of erosion according to Uchupi (1967).

Profiles on the continental shelf and parallel to its edge
have been presented by Uchupi (1970) and Dillon (1974). These
profiles show a very gentle gouthwestward dip of strata away from
the Cape Fear arch toward the Southeast Georgia Embayment.

Data collected recently in a cooperative program involving
the U.5.G.S. and Institute Francais du Petrole has produced the
first publicly available 24 channel CDP profiles for the U.S. South
Atlantic Province. Preliminary processing ot these profiles shows
a flat, apparently undisturbed sequence of reflectors, above a
relatively featureless basement beneath the outer shelf and inner
Blake Plateau.

4. other Structural Features

Despite the fact that the strata of the U.S. South Atlantic
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Province generally appear undisturbed, some minor structures are present.

Although the number of identified strucutres are few, they may be important

to petroleum entrapment. Hence, they will be discussed individually.

Contours on the 5.6 km/sec refractor (Fig.l1ll )(defined as pre-
Cretaceous basement although it may include some Cretaceous rocks -
see discussion of Southeast Georgia Bmbayment) show a ridge beneath
the outer shelf between 30° and 32°N at 80°W, A similar
feature is shown by Drake and others (1968). This ridge may have
formed an eastern boundary to the Southeast Georgia Embayment during
part of Cretaceous time. Antoine and Henry (1965) have suggested
that the part of the embayment which existed at the present locatton
of the state of Georgia may have also been open to the south in
Eocene time.

Between JOIDES hole 1 and JOIDES hole 2, off the east coast
of Florida, Emery and Zarudzki (1967) showed a broad shallow
upwarp probably of Cretaceous strata that may underlie the middle
part of the continental shelf (Fig.18 ). Bunce and others (1965)
also recognized that the Tertiary units are slightly shallower at
JOIDES hole 1 than they are on land, thus this may represent further
evidence for a gentle fold or other structure off northern Florida.
The feéture appeariqg on Bmery and Zarudzki's profile, occurs at
a location where refraction data suggest a depression of "basement'
(Fig. 11 ) so it might represent an accretionary structure (reef?)

rather than a fold.
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McCollum and Herrick (1964) noted a slight arching of Tertilary
strata off Georgia based on drilling information as shown in Fig. 19
Several other structural features have been identified by
refraction and reflection techniques and drilling, and named the

Yamacraw Uplift, Burton High, Stono Arch and Suwannee Channel,
shown on Fig. g,

Yamacraw Uplift. -- Refraction seismic studies indicated to

Meyer (1956) that in the South Carolina-Georgla area, the depths

to pre~-Cretaceous rocks (basement) were shallower than expected

and that there was reverse dip on the pre-Cretaceous surface.

He interpreted the above as being caused by an uplift parallel to
the ceast line of Georgla and South Carolina along the north flank
of the Southeast Georgia Embayment and designated the feature the
"Yamacraw Uplift"_(Fig. g8 ). Meyer (1956) reports a north-south
trending structure offshore from Charleston, South Carolina defined
in the 5.8 km/sec refraction velocity interface. Both this
structure and the Yamacraw Uplift seem to intersect at Charleston,
a region of known earthquake activity, thus, he inferred a.possible
relationship between the two structures and the seismic disturbances.
A later more detailed seismic survey by Pooley (1960, pl. 1) con-
firmed the existence of a basement ridge about 160 km long and

50 km wide with more than 300 m of relief that is not reflected in
the overlying beds. He located its axis at the coastline between
Parris Island, South Carolina, and Sea Island, Geo;gia. Data from
wells drilled since 1960 at the southern extremity of .the anomaly

do not substantiate these dimensions (Maher, 1971).
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Cramer (1974) belleves that the Yamacraw Uplift involves the basement
and may have been active during the Cretaceous. Cramer (1969) stated
that it is impossible to tell whether the Yamacraw Uplift is a Pre-
Cratacaous feature upon which tbastal plain sediments were deposited or
whether it formed during the Cretaceous, or both.

Burton High. -- Siple (1965, p. 443) has mapped a shallow (15 m to
30 m deep) small structural high on the Eocene-Miocene limestone
sequences in the St. Helena Sound-Beaufort, South Carolina area which he
designated the "Burton High" (Fig. 8). Heron and Johnson (1966 Fig. 3)
also mapped a structural high on the Eocene Santee Limestone in the same
vicinity although they show an arch rather than a closure trending.north-
east-southwest from 13 km Northeast of Savannah to St. Helena Sound. They
named this the "Beaufort High". The Beaufort High dips westward to the
"Ridgeland Basin" (Heron and Johnson, 1966) a small northeast-gouthwest
trending Miocene low (Fig. 8). It is possible that the Burton High-
Beaufort High is a shallow expression of the Yamacraw Uplift.

Stono Arch-- High resolution seismic reflection surveys reveal a
small shallow (15 m to 60 m deep) anticline trending approximately east-
west near Charleston, South Carolina which Colquhoun and Comer (1973)
have named the "Stono Arch" (Fig. 8). The deformed reflectors that
appear on the seéismic record are within the Oligocene Cooper Marl and
probably the underlying Santee Limestone . ¥ Eocene age (Colguhoun and
Comer, 1973). These authors suggest that the Stono Arch is probably

related to a more deeply seated basement fault.
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Suwannee Channel.-- The Suwannee Channel (Fig. 8 ) (Chen, 1965;

Jordan, 1954; Hull, 1962; Applin and Applin, 1967) is an elongated,
structural feature in southern Georgia and northeastern Florida,
where late Upper Cretaceous through upper Eocene rocks are abnormally
thin and structurally low (Chen, 1965). It separates the Peninsular
Arch from the outcropping Piedmont Precambrian (?) crystalline rocks
and may coincide with a system of Triassic grabens which exhibited
intermittent downward movement during Cretaceous and Tertiary time
(Rainwater, 1971). In the area of the Suwannee Channel, a facies
change takes place between clastic rocks to the north and carbonate
rocks to the south (Chen, 1965; Applin and Applin, 1967). Cramer
(1974) summarizes Applin and Applin's (1967) explanation for the
origin of the Suwannee Channel:

"The current explanation is that there was Upper Cretaceous

arching, trending northeast-southwest, in what is now

the saddle area, which resulted in thinner deposition over

the arch, and a different sedimentary regimen established

on either side. The arched area later became a relatively

low area due to uplift to the north and to the south;

the relatively low area than became the Suwannee Strait,

or, to avold the oceanographic inference, the Suwannee

Saddle, to provide a structural connotation."
The theory of Chen (1965) has oceanographic inferences in that

"the Suwannee Channel was a bathymetric depression and a natural

barrier, both sedimentational and ecologic, during late Cretaceous

and Early Tertiary time",
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Chen (1965, Figs. 41-44) infers minor ocean currents and littoral
drift passing through the Suwannee Channel from the Gulf of Mexico
to the Atlantic Ocearn during Paleocene and Eocene time. This may
also have been the case during the late Cretaceous time, and may
have had an effect on late Cretaceous-late Eocene sedimentation in

the Southeast Georgie Embayment.
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D - Stratigraphy
The Southeast Georgia Embayment lies in a transitional zone

between a predominantly clastic depositional province north of

Cape Hatteras and a carbonate province which includes Florida and the
Bahamas. A summary geologic columnar section and a table of strati-
graphic units and their Gulf Coast equivalents for the Southeast
Georgia Embayment are shown in Figures2g and2l, More than 400 wells
have been drilled in Georgia and Florida, some of which reached base-
ment rocks, and a few wells have been drilled in the Bahamas area,
Geologir cross sections are shown in sections A-B and C-D (Fig. 22

and 23). In the offshore area,'in addition to taking short cores,

a few test holes have been drilled by the JOIDES program several
hundred feet into the continental shelf off Georgia and Florida, but

no well has been drilled offshore which penetrated pre-Tertiary strata.
There are at least 2,800 m of sediments and possibly as much as 5,500 m
of sedimentary rocks in the offshore basin beneath the Blake Plateau
out to the 600 m water depth (Fig.24 ). The basement ridge at the edge
of the shelf, if it does exist, does not appear to have as great an
influence on the distribution and thickness of the basin sediments as
it does for the Baltimore Canyon Trough. It is likely that up to

4,000 m of Lower Cretaceous and Jurassic sedimentary rocks are present
beneath the embayment.

1. Pre-Triassic

All available data indicate that the crystaliine basement rocks

beneath the Coastal Plain and adjacent continental shelf of southeastern

United States are similar to those exposed in the Appalachian Piedmont
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province. The basement rocks of North Carolina, South Carolina,
and northern Georgia are granites, gneisses, schists, and other
igneous and metamorphic rocks. They are mostly early Paleozoic and
late Precambrian in age (Spivak and Shelburne, 1971). Wells in
southern Georgia and northern Florida encountered sandstone and
shale of Ordovician to Devonian age (Applin, 1951, Rainwater, 1971).
The generalized distribution of pre-Cretaceous rocks beneath the
Georgia-Florida Coast Plain area is shown in Figure 25,

2. Triassic

The Triassi; deposits of eastern North America consist of

non-marine arkoses, sandstones, shales, basic flows and diabase
intrusions, and are exposed from northern South Carolina to Nova
Scotia in NE-SW trending narrow grabens downfaulted in the basement
rocks of the Piedmont (Fig. 26), Marine and Siple (1974) have
described a buried Triassic basin in the Savannah River area of South
Carolina and Georgia. Similar Triassic filled grabens are thought
to exist beneath the Coastal Plain (Bonini and Woolard, 1960),
Marine and Siple, 1974, Scott and Cole, 1975, Fig. 1l). Sedimentary
rocks of probable Late Triassic age have been penetrated in several
wells in northern Florida and southern Georgia (Rainwater, 1971,
Marine and Siple, 1974, Fig. 1 ). The Stanolind 0il and Gas Co.
No. 1 J. H. Pullen, Mitchell County, Georgia penetréted approximately
305 m of fine grained arkosic sandstone and red and green shale
[basement (?)] from wells in Mitchell and Echols counties Georgia

indicate an Upper Triassic age (Milton and Grasty, 1969).
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It is likely that Triassic basins also exist beneath the inner
continental shelf, because the same tectonic setting and the same
type of basement would have existed in the present shelf area as in
the area where known basins developed. Furthermore, sediment sources
and depositional environments would be anticipated to have been similar
in this probably upwarped region, where continental rifting was beginning
to take place.

3. Jurassic

Rocks of late Jurassic age do not crop out in eastern North
America. In North Carolina, the ESSO-Hatteras
Light 1 well penetrated 280 m of possible Late Jurassic (or Early
Cretaceous) rocks which Maher (1971) describes as finely crystalline,
partly oolitic limestone and gray shale beds grading downward to red
and green sandy conglomerate and arkose at the base. The lower part
of this section is considered to be continental (Brown, Miller, and
Swain, 1972) and rests on pre-Cretaceous "granite". The occurrence
of Schluleridea cf. S. acuminata in the upper part of this section
suggest to Brown, Miller, and Swain (1972) a correlation with the
Cotton Valley Group of the Gulf coast. Successively younger Mesozoic
rocks abut the basement updip from the Hatteras Light well. Applin
and Applin (1965) designated a Late Jurassic (?)-Early Cretaceous
(Neocomian) unit penetrated in the Amerada No. 2. Cowles well (St.
Lucie Co., Fla) as the "Fort Pierce Formation". This type section
includes 677 m of dolomite, oolitic limestone, anhydrite, and shale

with a basal arkosic sand overlying metamorphic (Precambrian?)
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basement. The formation has been penetrated by six deep wells in
southern Florida, and it pinches out in a northward direction (updip)
about 65 km south of Cape Canaveral (Maher, 1971). Meyerhoff and
Hatten (1974) included the Fort Pierce Formation as the oldest unit

in their "Marquesas Super-Group" which also includes other formations
of either Early Cretaceous or Late Jurassic age or both in the Florida-
Cuba-Bahamas area. Also included in this grouping are rocks of Trinity,
Fredericksburg, and Washita age (Comanche Series - Lower Cretaceous),
i.e., all strata to the Lower-Upper Cretaceous unconformity. The
Chevron No. 1 Great Isaac well in the northwestern Bahamas reportedly
penetrated this group in its entirety but thicknesses are not available.
It has been reported 1;hat the well reached total depthin Jurassic carbonate
overlain by 328 m of black, marine Jurassic(?) shale and that the
Marquesas resembles that of wells in Southern Florida (Meyerhoff and
Hatten, 1974).

Other formations assigned to this supergroup are the Glades Group,
Punta Gorda Formation, Ocean Reef Group, Sunniland Limestone, Lake
Trafford Formation, Dollar Bay Formation, Big Cypress Group, Naples
Bay Group, "Andros Long Island" and "Cay sSal IV-1" facies and Cayo
Coco, Perros, and Palenque formations of Cuba. These formations are
all predominantly carbonate, with limestone more abundant than dolo-
mite, along with lesser amounts of anhydrite ai:d shale (Meyerhoff and
Hatten, 1974). |
4. Cretaceous

The Upper Cretaceous rocks of Georgia and Florida (Gulf Series)
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are separated from the Lower Cretaceous and older rocks by a major
regional unconformity.

The Cretaceous system in the Gulf Coast region is divided into the
Comanche and Gulf Series. For practical purposes, the Comanchean is
considered by most geologists to be Lower Cretaceous, and Gulfian to
be Upper Cretaceous (Murray, 1961).

Lower Cretaceous. The Comanche Series is subdivided into three

groups: Trinity, Fredericksburg, and Washita. Comanchean rocks do
not crop out along the coastal plain from Florida to North Carolina
although they may be at or near the surface in North Carolina and
western Georgia, but are indistinguishable from the overlying Upper
Cretaceous rocks which are lithologically similar. Lower Cretaceous
beds dip seaward from the Fall Line at rates from 3 m/km to 11 m/km
(Maher, 1971). The Lower Cretaceous is approximately 1,500 m thick
near Miami, Florida, and thins northward until it pinches out on the
Peninsular Arch (Maher, 1971; Rainwater, 1971). In south Florida,
shallow water marine limestones and dolomites with beds of anhydrite
make up the principal lithologies. East of the Peninsular Arch in
northern Florida and coastal Georgia, the Lower Cretaceous rocks are
thin (30 m - 90 m) nonmarine clastics made up of arkosic unconsolidated
sandstones and varicolored clays which were deposited on a broad, flat
coastal plain (Rainwater, 1971; Brown, 1974; Herrick and Vorhis, 1963).
The main depocenter for Lower Cretaceous strata in Georgia was the
southwestern part of the state where as much as 1,100 m may have been

deposited (Herrick and Vorhis, 1963). During this time, the northern
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part of the Peninsular Arch was a positive feature exposed to subaerial
processes, and probably contributed clastics to the Florida-Georgia
coastal plain. Preliminary work by Brown (1974) suggests that fossili~
ferous beds, now included in the lower member of the Atkinson Formation
of Gulfian age, may, at least in part represent a brackish-water facies
of Comanchean age.

Rocks of Lower Cretaceous age are absent, or very thin, in South
Carolina. Siple (1965, Fig. 2; 1967, Fig. 1) identified rocks
of Early Cretaceous (Comanchean) age from a deep water well in the
Parris Island - Beaufort, South Carolina area. Brown (1973, oral
comm.) in Olson (1973) reported that a well drilled on Seabrook Island
(Charleston County) in 1972 to a depth of 822 m contained sediments of
suspected Washita or Fredericksburg age equivalents in the bottom core
samples. Lower Cretaceous rocks are missing from the higher parts of
the Cape Fear arch except for the thin Cape Fear Formation below a
regional unconformity, but thicken northward to 853 m at Cape Hatteras.
In coastal North Carolina, Brown, Miller, and Swain (1972) describe
the Lower Cretaceous as being a marine section made up of red and green
shales, fine to medium grained sands, and sandy limesfones containing
oolitic lenses.

The four samples of Early Cretaceous rocks dredged from the Blake
Escarpment at depths from 2,374 m to 4,747 m (Heezen and Sheridan, 1966)
indicate the area was a shallow carbonate bank then. The lower two
samples were algal calcarenite and algal dolomitic calcarenite, both

were assigned an age range of Neocomian to Aptian. The upper two samples
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-- oolitic, fragmental calcarenite suggest a shallower water environ-
ment of deposition than the upper calcilutite samples (Heezen and
Sheridan, 1966).

On the continental shelf off southern Georgia and Florida, there
may be a wedge of Lower Cretaceous clastic rocks (Scott and Cole,
1975, Fig. 7) similar to that under the North Carolina coastal plain
as suggested by Rainwater (1971). Judging by the rate of thickening
onshore and the scattered seismic profiles offshore, 4,000 m of
Lower Cretaceous-Jurassic sediments are expected in the Blake Plateau
trough (to the 600 m water depth) and 1,100 m of Lower Cretaceous-Jurassic
sediments are expected out to the 200 m water depth.

Upper Cretaceous. The Upper Cretaceous Gulf Series is subdivided

into five stages. They are, in ascending order: Woodbine, Eagle Ford,
both of which are represented by the Atkinson Formation in Florida,
Austin, Taylor, and Navarro (Lawson Limestone of Florida). The Gulf
Series in the subsurface is divided into four stratigraphic units:

The Atkinson Formation (oldest), Austin-age strata, Taylor—age strata,
and rocks of Navarro age (Lawson Limestone). The Atkinson is a shallow-
water marine deposit composed of dark, fossiliferous shale, sandstone,
and interbedded limestone. The unit is the downdip equivaient of the
littoral to nqnmarine Tuscaloosa Formation. The Austin gtrata are mostly
chalky limestones while two regional facies occur in rocks of Taylor age:
a carbonate facies occupies the Florida Peninsula and a highly variable
clastic facies occurs in northern Florida and southern Georgia. Two

facies are also present in the strata of Navarro age: the Lawson
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Limestone of southeast Georgia and the Florida Peninsula, and an
updip clastic facies equivalent. The Gulf Series in south Florida
and the Bahamas is represented by the Pine Key Formation--a chalky
limestone. The Pine Key grades into the Atkinson-Lawson strata to
the north and becomes the Card Sound Dolomite to the south in the
Florida Keys and Bahamas (Applin and Applin, 1965).

Upper Cretaceous rocks crop out at the Fall Line in Alabama
and extend to almost the shoreline near Cape Fear. The rocks dip
seaward from 2 m/km near the Fall Line to more than 6 m/km at the
coast (Maher, 1971). Upper Cretaceous rocks are approximately 853 m
thick near Miami, Florida, and are composed almost entirely of marine
carbonates (Maher, 1971). 1In northeast Florida and southeast Georgia,
the dominant lithology is chalky fossiliferous shallow water marine
limestone and dolomite approximately 600 m thick near the coast
{(Cramer, 1974; Maher, 1971). Northward, Upper Cretaceous rocks are
non-marine to marginal marine Appalachian-derived sandstones and shales
with minor amounts of carbonate and lignitic material (Brown, Miller,
and Swain, 1972; Olson, 1973; Cramer, 1974). Rocks of Upper Cretaceous
age thin (from a few metres to approximately 400 m) near the shore on
the Cape Fear Arch, but reach a thickness of about 950 m at Cape
Hatteras (Maher, 1971). Although the Upper Cretaceous thins over the
Cape Fear Arch, the Navarro Stage thickens, suggesting that the arch
was a structural depression during late Upper Cretaceous time (Swift

and Heron, 1969).
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In general, the Upper Cretaceous rocks thicken downdip from
terrigenous sands and shales to more marine chalks, limestones,
and dolomites. The offshore portion of the Southeast Georgia
Embayment is probably almost entirely shallow water carbonates
with the possible exception of late Upper Cretaceous fine clastics
brought there by way of the Suwannee Channel (see section on
Structure).

Submarine outcrops of Late Cretaceous age are known from
the Blake escarpment and along the continental slope near Cape
Hatteras (Maher, 1971). A bottom core sample of Cenomanian age
(Woodbinean) lutite was recovered from the Blake Escarpment in 1,745
m of water off central Florida (Ericson and others, 1961).

The Upper Cretaceous rocks will probably maintain a fairly con-
stant thickness of about 600 m for the OCS Southeast Georgia Embayment
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