





phase; grains of the latter phase have lower % P,0g and higher
CaO/P205 ratios than the Miocene phosphate grains.

Two plausible sources of phosphorous may explain this Pleistocene/ Holocene

phosphogenic episode.

1. The coincident distribution of high phosphate concentrations in the
Pleistocene/Holocene sediments with the Pungo River phosphorite
outcrop belt suggests a possible derivation by chemical dissolution
of the older sediments and reprecipitation within the younger
sediments.

2. Major sea level transgressions and the associated shifts in the Gulf
Stream result in upwelling and encroachment of nutrient-rich waters
onto the continental shelf across the topographic high of Frying Pan
Shoals.

A82-4 Seismic stratigraphy, lithostratigraphy, and amino acid racemization of
the Diamond City Formation: reinterpretation of a reported "mid-Wisconsin
high" sea-level indicator from the North Carolina Coastal Plain: Snyder,
Stephen W., Belknap, D.F., Hine, A.C., and Steele, G.A., 1982, Geological
Society of America, Abstracts with Programs, v. 14, p. 84.

ABSTRACT

The Diamond City Fm. is a poorly-sorted, fossiliferous, sandy-silt to
silty-clay sequence intercalated with coarser shell beds, clay laminae, and
discrete organic-rich horizons which unconformably underlies the Holocene barrier
and back-barrier sediments of the Cape Lookout cuspate foreland. Twenty five
radiocarbon analyses yield apparent ages of 12.5 to >45 ka with most clustering
between 22 to 30 ka. These data have influenced others to interpret the Diamond
City Fm. as a back-barrier sequence developed during a "mid-Wisconsin" high sea
stand. However, a mid-Wisconsin interglacial sea stand within 10 m of present
is in conflict with sea-level interpretations based on pollen, oxygen isotopes,
and U-series dated coral reef terraces worldwide.

Interpretations of high-resolution seismic reflection data depict several
depositional sequences within the Diamond City Fm., each abruptly truncated by
an erosional surface and associated channels. Chronostratigraphic correlations
to vibracore, auger and core hole data indicate the Diamond City Fm. is a complex
mosaic of several mid to late Pleistocene coastal lithosomes which resulted from
high-frequency (4th- and 5th-order) glacioeustatic sea-level fluctuations. This
interpretation has been augmented by amino acid racemization analyses, which
yield ages of approximately 700 and 500 ka (isotopic stages 17 to 21 and 11 to
13) for the lower sequences of the Diamond City Fm. The apparent "live"
radiocarbon dates can be explained by 1 to 10% contamination of "dead" materials.
other c'4- supported "mid-Wisconsin high" sequences are now being re-examined.
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A82-5 Tertiary structural framework and resulting depositional patterns of the
southeastern North Carolina Continental Margin: Snyder, Stephen W., Hine,
A.C., and Riggs, S.R., 1982, Geological Society of America, Abstracts with
Programs, v. 14, p. 84.

ABSTRACT

Interpretations of high-resolution seismic reflection profiles,
supplemented by litho- and bio-stratigraphic analyses of 9 m vibracores, have
delineated the Tertiary structural framework and resulting depositional patterns
of Onslow Bay, NC. The Paleogene section is a NE-SW striking band of
successively-younger onlapping sequences which closely parallels the Mid-Carolina
Platform High of the Cape Fear Arch. The Neogene depositional patterns, however,
are dominated by several local structures which were active during the Miocene
epoch. 1In NE Onslow Bay, the Miocene sequences thicken abruptly across, and
change strike to parallel the north-south oriented White Oak Lineament. In SW
Onslow Bay, these sequences again change strike and thicken along the Cape Fear
Monocline. Several shallow Miocene outliers, which are the surficial expression
of subbottom "flexures", were also identified. Most of these structures are
coincident with mapped magnetic and/or Bouguer gravity anomalies, suggesting they
are the surficial expression of differential movement along older basement
structures within the Carolina Platform. The timing of deformation associated
with these structures as well as others along the SE U.S. Continental Margin
indicates a regional tectonic event, perhaps casually related to the rapid
sea-floor spreading event which was responsible for the Miocene transgression
as calculated by Pitman (1978) (2nd-order Te supercycle).

North of Onslow Bay, the Miocene sequences thin across the Cape Lookout
High, a pre-Miocene topographic high produced by differential erosion during
the prolonged period of subaerial exposure between the TM1.1 and TM1.4 3rd-order,
sea-level high stands. Other significant erosional events were found to be
important in developing small depositional basins within this trailing-edge
continental margin.

A82-6 Planktonic foraminiferal biostratigraphy and cyclicity of phosphate
sequences, southern Onslow Bay, mid-Atlantic Continental Shelf: Waters,

V.J., Snyder, Scott W., and Riggs, S.R., 1982, Geological Society of

America, Abstracts with Programs, v. 14, no. 7, p. 643.
ABSTRACT

The Carolina Phosphogenic Province includes three distinct depositional
embayments (Aurora, Northeast Onslow, Frying Pan) located off the east flank of
the Carolina Platform and separated from one another by east-west oriented
second-order structures. Vibracores from the Frying Pan Embayment penetrate
three depositional supersequences bounded by major interregional unconformities
(Vail et al., 1977):

1. a thin Pleistocene/Holocene shelly sand sheet,
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2. the phosphatic Miocene Pungo River Formation, and
3. lower Miocene/upper Oligocene calcareocus quartz sand (Zone N4).

The Pungo River Formation includes phosphatic depositional sequences
corresponding with lithostratigraphic units FP-1 to FP-5. Phosphorite sands
(FP1-FP3) and phosphatic muddy sands (FP4) lie within the Catapsydrax gtainforthi
Zone (N6) based on the co-occurrence of Globorotalia fohsi peripheroronda,
Globigerinoides gquadrilobatus altlapertura, and G. ruber (forma subguadratus).
Muddy quartz sands (FP5) contain a planktonic assemblage assigned to the lower
part of the Globigerinatella insueta Zone (N7) based on the appearance of
Globorotalia acrostoma and forms that are morphologically transitional between
Globigerinoides gquadrilobatus triloba and G. sicanus.

If the cyclic depositional patterns within the Pungo River Formation are
compared to global eustatic sea level changes, individual depositional units
correspond to fourth- or higher-order cycles within the third-order Miocene
transgression TM 1.4 of the second-order Te supercycle. Phosphorites of the
Frying Pan Embayment are slightly older than those currently being mined in the
Aurora Embayment, but the significance of inter-embayment age relationships is
not yet fully understood.

1981

A81-1 Relation of Miocene phosphorite sedimentation to structure in the Atlantic
Continental Margin, southeastern United States: Riggs, S.R., 1981, American
Association of Petroleum Geologists, Bulletin, v. 65, p. 1669.

ABSTRACT

Regiocnal sedimentologic and stratigraphic studies of Miocene phosphorites
on the continental margin of the southeastern United States demonstrate a strong
structural control over the formation and deposition of major concentrations of
phosphorite in the Hawthorn and Pungo River Formations. The first-order
structures controlled the regional limits of the phosphogenic system and provided
the necessary depositional environments. Major phosphate sedimentation was
concentrated along the nose and flanks of the Ocala arch and Carolina platform
and decreased to a minimum into the intervening Southeast Georgia and Hatteras
Embayments. Recent discoveries of Miocene phosphorite on the North Carolina
continental shelf, in combination with the extensive lag deposits of phosphate
on the Blake Plateau, represent a major phosphogenic system which occupies a
position relative to the Carolina platform that is analogous to that of the major
central and south Florida phosphogenic province relative to the Ocala arch.

Superimposed upon the regional structural framework is a series of second-
and third-order structural highs and adjacent basins. Each structural high
producing a platform or shoaling environment with the necessary associated
accumulation basins, may contain one or more phosphate deposits. The specific
location, size, and geometry of the resulting deposit is dictated by the folding
or faulting, subaerial or submarine erosion, primary depositional processes,
groundwater solution and collapse, etc. The location of the second- and
third-order structures and the first-order structural highs dictates the
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subsequent depositional-erosional history. The latter determines the ultimate
preservation and degree of secondary alteration of each phosphate deposit.

ABl-2 Continental shelf hardgrounds, Onslow Bay, N.C.: Riggs, S.R., Hine, A.C.,
and Snyder, Stephen W., 1981, Summary of Results of Reefs and Hardgrounds
Workshop, U.S. Bureau of Land Management, Charleston, S.C., p. 34-35.

ABSTRACT

Onslow Bay, North Carolina is characterized by extensive hardgrounds that
extend from the base of the lower forebeach (and locally within the beach face),
seaward to the outer edge of the continental margin. The Tertiary stratigraphic
units dip easterly off the east flank of the Cape Fear Arch, a Cenozoic structure
on top of the basement Carolina Platform. This has resulted in a general north-
south outcrop pattern of Tertiary units across Onslow Bay between Cape Fear and
Cape Lookout. Due to the very thin and sporadic distribution of the Holocene
sand sheet, the bottom morphology of most of the Bay is determined by the
lithologies of the outcropping Tertiary units and the superimposed Pleistocene
carbonates. The outcropping units in Onlsow Bay and their general lithologies
are as follows:

1. Holocene Sand Sheet Entire Shelf

a. Thin & Irregular Sands & Gravelly Sands

2. Pleistocene

a. Beach Rock Cape Shoals & Coastal Zone
b. Terrigenous Fluvial/Coastal Channel-Fill Inner Shelf
Sequence
¢. Carbonate Channel-Fill Sequence Mid & Outer Shelf
d. Bedded Carbonate Sequence Outer Shelf & Eastern
Oonslow Bay
3. Pliocene Yorktown Fm.
a. Clayey & Shelly Sands Northeast Onslow Bay
4. Miocene Pungo River Fm. Central Onslow Bay

a. Interbedded Dolosilts, Biorudites,
Phosphatic Clays, & Phosphorite Sands

5. Lower Miocene Silverdale Fm. Western Onslow Bay
a. Calcareous & Quartz Sands
6. Oligocene Belgrade Fm. Western Onslow Bay

a. Moldic Limestones

Each unit produces different types of hardgrounds dependent upon the
lithologies and their interbedded nature, geometry and origin of the beds, and
the erosional history. The resulting hardgrounds include a) very flat and smooth
surfaces which grade into highly dissected plateau topography with up to 10 m
scarps; b) linear scarp ridges with up to 5 m relief produced by the dip slopes
of interbedded lithologies or by differential cementation of such deposits as
beachrock and channel-fills; and c) broad zones of irregular and undulating
topographies occurring along outcrop belts of tight to slightly indurated
Tertiary lithologies.

The hardgrounds are actively being modified by a complex interaction of
biological and physical processes supplying "new"” sediments to the sporadic
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Holocene sand sheet. The specific benthic community, their populations and the
associated bioerosion processes are dictated by a) location within the Onslow
Bay system, b) the lithology and degree of induration, and c) the relief and
geometry of the hardground surfaces.

A81-3 Depositional patterns of Neogene sediments around Carolina Platform on
mid-Atlantic Continental Shelf: Riggs, S.R., lLewis, D.W., Hine, A.C.,

Snyder, Stephen W., Snyder, Scott W., and Waters, V.J., 1981, American
Association of Petroleum Geologists, Bulletin, v. 65, no. 9, p. 1669.

ABSTRACT

An extensive network of high-~resolution Uniboom subbottom seismic profiles
in combination with 9-m vibracores were obtained across the North Carolina
continental shelf in Onslow Bay. Resulting data delineate an extremely complex
depositional pattern of the Neogene sediments around the east and southeast flank
of the Carolina Platform. This major broad platform structure trends southeast
across the mid-Atlantic shelf and consists of Paleogene and Cretaceous sediments.
The Neogene section, dominated by the Miocene Pungo River Formation, forms a
complex clinoform sediment package which dips and thickens eastward and
southeastward from the platform margin. This sediment package consists of
numerous depositional sequences which are abruptly truncated by erosional
surfaces and associated channels. Each channeling system was subsequently filled
during the following depositional regime. The depositional sequences, which may
reflect third- and fourth-order cyclical events, are characterized by interbedded
lithologies consisting of phosphorite sands, phosphatic foraminiferal muds,
dolosilts, and calcareous quartz sands. Deposition of the Pungo River Formation
reflects deposition on a major second-order transgressive cycle. Thus, the upper
part was deposited over the edge of the Carolina Platform filling numerous
erosional channels in the underlying sedimentary units. Postdepositional folding
followed by subsequent erosional cycles severely truncated the sediments again.
This resulted in a series of flexure basins and channels, filled with Pungo River
sediments, lying on top of the Carolina Platform as isolated outliers. The
complex depositional-erosional patterns of the Pungo River sediments reflect
several orders of cyclical sedimentation taking place on the continental shelf
during the Miocene.

A81-4 Miocene phosphorite sedimentation on the Atlantic Continental Shelf, Onslow
Bay, North Carolina: Riggs, S.R., Lewis, D.W., Hine, A.C., and Snyder,
Stephen W., 1981, American Association of Petroleum Geologists, Bulletin,
v. 65, p. 979.

ABSTRACT
An extensive sequence of phosphorites outcropping on the Atlantic
continental shelf of Onslow Bay, North Carolina, has been delineated by utilizing
a series of vibracores and high resolution subbottom profiles (3.5 kHz, uniboom,

and sparker). This broad outcrop belt extends 100 km from western Bogue Banks,
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southwestward across the shelf toward the outer part of Frying Pan Shoals off
Cape Fear, North Carclina. Along the outcrop zone the Tertiary phosphorites have
been and are presently being eroded, supplying reworked phosphate grains in
diluted concentrations to the associated thin Pleistocene to recent sediment and
rock blanket. The Tertiary phosphorites are primarily an interbedded sequence
of muddy, quartzose phosphorite sands; phosphatic dolosilts; and fossiliferous,
dolomitic, phosphatic, quartz sands. The sediment sequence closely resembles
that found in the Pungo River Formation in the Aurora area on the North Carolina
coastal plain, a major mining district, and is presently considered to be
equivalent to the Pungo River Formation of middle Miocene age. These
phosphorites unconformably overlie the slightly glauconitic, calcareous, fine
quartz sands, calcarenites, and sandy, moldic limestones of lower Miocene and/or
Oligocene age. Small parts of the updip outcrop belt of the Tertiary
phosphorites, as well as the downdip section to the southeast, are covered by
a thickening sequence of fossiliferous, clayey, gquartz sands of the Yorktown
Formation (Pliocene). The distribution of the Tertiary phosphorites is primarily
related to the Cape Fear arch, a major coastal plain structural element, and is
locally controlled within Onslow Bay by several second-order structural features
and associated entrapment basins.

A81-5 Cyclic deposition of upper Tertiary phosphorites of the North Carolina
Coastal Plain and their relation to global sea-level curves: Riggs, S.R.,
Lewig, D.W., Scarborough, A.K., and Snyder, Scott W., 1981, American
Association of Petroleum Geologists, Bulletin, v. 65, no. 5, p. 979.

ABSTRACT

The upper Tertiary phosphorites in the Aurora area occur within the Miocene
Pungo River Formation (units A, B, C, and D) and the Pliocene Yorktown Formation
(lower and upper units). These units are characterized by the following patterns
of sedimentation.

1. Three major erosional unconformities and five diastemic surfaces mark
the boundaries between consecutive units and the under- and overlying
formations.

2. Indurated carbonate sediments, which usually contain either a weathered
fossil assemblage or are completely moldic, cap each unit. The
carbonate surfaces locally contain a rock-boring infauna and are
often phosphatized.

3. Phosphate sedimentation began in unit A and increased to a maximum
through unit C, was negligible in unit D, was reinitiated in the
lower Yorktown, and was non-existent in the upper Yorktown.

4. Phosphate concentration generally increases upward within each unit
until carbonate sediments become important, then the phosphate
decreases.

5. The dominant carbonate within each unit is as follows: unit A and B,
dolosilt; unit C, calcitic micrite; unit D, dolosilt with abundant
calcite shell material; and both Yorktown units, calcitic micrite
with abundant calcite shells.

This sequence of upper Tertiary sediment units suggests a cyclical pattern
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controlled by global eustatic sea level fluctuations. Each depositional unit,
its carbonate cap, and the associated diastemic surfaces  h correlate with
established third-order sea level cycles. Units A, B, and C appear to represent
the maximum transgressive portion of the second-order Miocene supercycle.
Phosphate sedimentation was coincident with the transgression; the maximum
deposition occurred during the highest level of the sea. Unit D was deposited
only over the eastern portion of the area as a regressive facies of the
supercycle. The Pliocene Yorktown sediments were deposited during the next
supercycle. The lower Yorktown phosphorites coincided with the maximum
transgression while the non-phosphatic upper Yorktown was deposited during the
subsequent regressive phase.

1980

A80-1 Buried channels within the inner continental shelf: origin, geometry, and
geismic facies: Hine, A.C., Snyder, Stephen W., and Riggs, S.R., 1980,
Geological Society of America, Abstracts with Programs, v. 12, p. 447.

ABSTRACT

High resolution seismic profiling (750 km) off the North Carolina coast
has revealed a number of buried channels lying within the inner continental
shelf. Both paleo-fluvial and paleo-tidal inlet channels are present. These
channels are significant in understanding coastal response to a marine
transgression because they trap sediments indicative of changing environments
and have high preservation potential. Channel geometry (plane view),
across-shelf continuity, cross-section size/shape, and infilling structures seen
in seismic profile provide clues to the paleo-hydraulic behavior of the former
streams or inlets.

Buried fluvial channels can be distinguished from former tidal inlets by
their across-shelf continuity. We have traced two fluvial systems approximately
23 km from the back-barrier lagoon out to mid-shelf depths (22 m) via closely
spaced seismic profiles. Where profiles are sparse, correlations are made by
recognizing similarities in seismic infilling facies. The paleo-fluvial channels
are also the largest channels having subsurface widths of 4.6 km and relief up
to 24 m.

Buried tidal-inlet channels can be distinguished by their close physical
association with historically known inlets. Former tidal-inlet channels cannot
be traced extensively either in a landward or seaward direction. The pattern
of smaller, shallower lagoonal channels radiating abruptly away from the deep,
main inlet throat is also diagnostic.

Nine categories of seismic infilling facies have been defined, each
indicative of paleo-hydraulics and mode of channel infilling. Once channel
origin 1is confirmed, seismic infilling structures aid significantly in
interpreting channel history.
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A80-2 Foraminifera of the Pungo River Formation, central Coastal Plain of North
Carolina: Katrosh M.R. and Snyder Scott W. 1980, Southeastern
Geological Society and Florida Bureau of Geology, Symposium on Miocene of
Southeastern U.S., Abstracts, p. 9.

ABSTRACT

Benthic foraminiferal assemblages of the Pungo River Formation (middle
Miocene) from the central North Carolina coastal plain indicate deposition in
nearshore inner continental shelf to middle shelf environments.

In Beaufort and Pamlico Counties, part of the Aurora Embayment, faunas
from the lower part of the formation (units A and B) are dominated by Buliminella
elegantigsima, Caucasina gracilis, and Elphidium excavatum. Florilus pizzarensis,
Cibicides lobatulus, Elphidium limatulum, Nonionella miocenica, Hanzawaia
concentrica, and H. nipponica occur sporadically and are of secondary importance
when present. High faunal dominance (averaging 50% or greater), low diversity
values (Shannon-Wiener Information Function averaging 1.4), and the rarity of
planktic foraminifera suggest that these units were deposited in nearshore,
shallow water environments. With the exception of E. limatulum, dominant species
from the upper part of the Formation (units C, D, and DD) are those that are of
secondary importance in the lower units. Faunal dominance averages 33%,
diversity values are moderate (averaging 2.3), and planktic specimens are more
abundant. These units were deposited in more open water marine environments.

In Craven County, along the northern flank of a pre-Miocene topographic
high, the dominant species throughout the Formation are Cassidulina laevigata
and Uvigerina calvertensis, forms suggesting an outer shelf environment.
However, high faunal dominance, moderate diversity values (2.0 to 2.7), and the
rarity of planktic specimens are inconsistent with an outer shelf setting.
Perhaps typical offshore species migrated shoreward in response to favorable
conditions related to the adjacent high. Assemblages of the unit associated
with this high (unit CC) grade laterally into the units farther north.

In Carteret County, south of the high and along the northern edge of Onslow
Bay, faunas are similar to those of units C, D, and DD in the Aurora Embayment.
Several species present here are absent in the Aurora Embayment, their migration
perhaps prevented by environments associated with the intervening topographic
high.

A80-3 Preliminary report on the Pungo River Formation in Onslow Bay, North
Carolina Continental Shelf: Lewis, D.W., Riggs, S.R., Snyder, Scott W.,
and Waters, V.J., 1980, Southeastern Geological Society and Florida Bureau
of Geology, Symposium on Miocene of Southeastern U.S., Abstracts, p. 10.

ABSTRACT
The distribution of an extensive sequence of Tertiary phosphorites has
been delineated in the shallow subsurface across the continental shelf of Onslow

Bay, N.C. Extensive vibracoring and high-resolution subbottom profiling (3.5
kHz, Uniboom, and sparker) have outlined a broad belt of phosphatic sediments
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that extent southwestward for 100 km from western Bogue Banks, across the shelf,
to the outer portion of Frying Pan Shoals off Cape Fear, N.C. Locally along this
zone, the Tertiary phosphorites have been and continue to be eroded, supplying
reworked phosphate grains to the Pleistocene and Holocene sediments in
concentrations averaging a few percent, with local areas containing 20% and
occasionally reaching 80%. This reworked phosphate is dominantly fine-grained,
well rounded, and has a caramel color.

The Tertiary section in Onslow Bay consists primarily of Oligocene or
lower Miocene units unconformably overlain by sediments of middle Miocene age
which are, in turn, unconformably overlain by either Pliocene or Pleistocene
sediments. The Oligocene and lower Miocene units are predominantly moldic,
sandy limestones and fine quartz sands. The middle Miocene consists of four
major sediment groups with facies variation within each group. These include:

1. barnacle hash, muddy dolomitic barnacle hack, and barnacle-rich

dolosilt;

2. interbedded clay, quartz sand, and chert bearing dolosilt;

3. muddy calcarenites and calcarenic quartz sands; and

4. muddy, fossiliferous phosphatic sands and phosphoritic sands.

The sediment sequence closely resembles that found in the Pungo River
Formation in the mining district near Aurora, N.C. The phosphorite units of
the Pungo River Formation in Onslow Bay contain dominant dark brown pelletal
grains which range from 20% to 40% and occasionally constitute 50% to 65% of
the sediment. The overlying Pliocene Yorktown Formation consists of two units.
The lower Yorktown sediments consist of phosphatic quartz sands, dark green mud
and muddy sands, and dolomitic mud and fine sand. The upper Yorktown is composed
of slightly fossiliferous silty clay to clayey silt. The phosphatic portion of
the lower Yorktown Formation averages 10% to 15% phosphate grains that are
dominantly the brown intraclastic type.

A80-4 Structural control of phosphorite sedimentation during the Miocene in the
southeastern United States: Riggs, S.R., 1980, 26th International
Geological Congress, Paris, France, Resumes, v. II, p. 536.

ABSTRACT

Sedimentologic and stratigraphic studies demonstrate that three scales of
structures have controlled the formation and subsequent deposition of the Miocene
Hawthorn and Pungo River phosphorites in SE United States. The first-order
structures, the Ocala Arch--SE Georgia Embayment--Cape Fear Arch--Hatteras
Embayment, define the regional limits of the phosphogenic system and provide the

extensive coastal and shelfal depositional environments. Major phosphate
sedimentation was concentrated along the nose and flanks of the two major arch
structures, decreasing into the embayments. Superimposed on the regional

framework is a series of second-order structural highs and adjacent basins. Each
major structural shoaling system, essential for the formation of the phosphate,
and the necessary accumulation basins, has the possibility of containing one or
more phosphate districts depending upon the size and geometry of the system and
the subsequent geologic history. The third-order structures represent the
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detailed topography of the second-order structures. The specific location, size,
and geometry of the entrapment basins where the phosphates accumulate, is
dictated by the genesis of the topographic features (i.e. structural deformation,
primary depositional processes, subaerial or submarine erosion, or groundwater
solution and collapse associated either with the prephosphate units or
contemporaneous with phosphate deposition). Individual or groups of mines occur
within this level of structural control.

A80-5 Cyclic deposition of Upper Tertiary phosphorites of the Aurora area, North
Carolina, and its relationship to global sea-level curves: Riggs, S.R.,
Lewis, D.W., Scarborough, A.K., and Snyder, Scott W.., 1980, Southeastern
Geological Society and Florida Bureau of Geology, Symposium on Miocene of
southeastern U.S., Abstracts, p. 12.

ABSTRACT

The Upper Tertiary phosphorites in the Aurora area occur within the Miocene
Pungo River Formation (units A, B, C, and D) and the Pliocene Yorktown Formation
(lower and upper units). These units are characterized by the following patterns
of sedimentation.

1. Three major erosional unconformities and five diastemic surfaces mark
the boundaries between consecutive units and the under and overlying
formations.

2. Indurated carbonate sediments, which usually contain either a weathered
fossil assemblage or are completely moldic, cap each unit. The
carbonate surfaces locally contain a rock-boring infauna and are
often phosphatized.

3. Phosphate sedimentation began in unit A and increased to a maximum
through unit C, was negligible in unit D, was re-initiated in the
lower Yorktown, and was non-existent in the upper Yorktown.

4. Phosphate concentration generally increases upward within each unit
until carbonate sediments become important, then phosphate decreases.

5. The dominant carbonate within each unit is as follows: units A and B,
dolosilt; unit €, calcitic micrite; unit D, dolosilt with abundant
calcite shell material; and both Yorktown units, calcitic micrite
with abundant calcite shells.

This sequence of Upper Tertiary sediment units suggests a cylcical pattern
controlled by global eustatic sea-level fluctuations. Each depositional unit,
its carbonate cap, and the associated diastemic surfaces correlate with
established third-order sea-level cycles. Units A, B, and C appear to represent
the maximum transgressive portion of the second-order Miocene supercycle.
Phosphate sedimentation was coincident with transgression. Unit D was deposited
only over the eastern portion of the area as a regressive facies of the
supercycle. The Pliocene Yorktown sediments were deposited during the next
supercycle. The lower Yorktown phosphorites coincided with the maximum
transgression while the non-phosphatic upper Yorktown was deposited during the
subsequent regressive phase.
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A80-6 Stratigraphy and petrology of the Pungo River Formation, central Coastal
Plain, North Carolina: Scarborough, A.K., Riggs, S.R., and Snyder, Scott
W., 1980, Southeastern Geological Society and Florida Bureau of Geology,
Symposium on Miocene of Southeastern U.S., Abstracts, p. 12.

ABSTRACT

Up to 30 m of phosphatic sediments of the middle Miocene Pungo River
Formation were deposited in the northeast-southwest trending Aurora Embayment
of North Carolina. These sediments thin to approximately 15 m over the Cape
Lookout High, a pre-Miocene feature which forms the southern boundary of the
Aurora Embayment. The western and updip limit of the Formation parallels the
White Oak Lineament, a regional north-south structure. At this lineament, the
Formation is abruptly truncated and thins to a feather-edge; the Formation
thickens rapidly to the east and southeast. Deposition of the Pungo River
Formation extended beyond the present updip erosional limit of the Formation
some unknown distance to the west of the White Oak Lineament.

The Pungo River Formation consists of the four major sediment packages
(units A, B, C, and D) described by Riggs et al. (this volume), and three lateral
facies (units BB, CC, and DD). Phosphorite sedimentation was concentrated in
units A, B, and C which are laterally correlative throughout most of the study
area. However, the muddy, phosphorite, quartz sands of unit B and possibly the
phosphorite, quartz sands and carbonate sediments of unit C grade downdip to the
southeast into an 11 m thick diatomaceous facies (unit BB). Units A, B, and C
grade into a slightly phosphatic, calcareous, quartz sand facies to the south,
in the area of the Cape Lookout High, which probably represents a shoaling
environment (unit CC). The dolomitic unit D of the northern and eastern portions
of the Aurora Embayment grades laterally into calcareous unit DD in the central
portion of the embayment.

Allochemical phosphate grains of the intraclastic variety dominate all
the units in the Formation. However, unit A contains abundant pelletal phosphate
in the fine to very fine sand-size fraction. The highest phosphate
concentrations were found mid-slope in the west-central portion of the embayment.
Updip to the west, the volume of phosphatic sediments decreases rapidly as the
phosphorite units have been sequentially truncated by subsequent erosion. Facies
changes to the east and south result in decreased phosphate content within the
Formation.

The depositional pattern of the regionally persistent and cyclical
lithologies of the Pungo River Formation suggests that units A through C were
deposited during a major transgression. The overlying unit D was deposited
during the subsequent regressive phase. Within the Aurora area, each of the
sediment units is separated from the overlying unit by a periocd of increased
carbonate and decreased phosphate deposition. Truncation of the units by erosion
took place prior to the deposition of the Pliocene Yorktown Formation. The
extensive erosion produced an apparent offlap geometrical configuration within
the Pungo River units that actually represent a transgressive or onlap sediment
sequence.
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A80-7 Synthesis of phosphatic sediment-faunal relationships within the Pungo
River Formation: paleoenvironmental implications: Snyder, Scott W., Riggs,
S.R., Katrosh, M.R., Lewis, D.W., and Scarborough, A.K., 1980, Southeastern
Geological Society and Florida Bureau of Geology, Symposium on Miocene of
Southeastern U.S., Abstracts, p. 9-10.

ABSTRACT

The lower part of the Pungo River Formation in the Aurora Embayment (units
A and B) consists of phosphorite sands and interbedded dolomites that grade
southward into calcareous quartz sands (unit CC) associated with a pre-Miocene
topographic high. Within this embayment phosphate content decreases southward
and becomes negligible in unit CC. Units A and B contain sparse foraminiferal
assemblages. Planktic specimens are rare to absent in these units. Similar
assemblages persist as the units thicken to the east. The sporadic occurrence
of open shelf species in units A and B suggests that the depositional embayment
was not restricted; but conditions were clearly not generally suitable for open
shelf species. The frequent dominance of Buliminella elegantissima, which
flourishes in sewage ocutfall areas in modern seas, suggests that water chemistry
or organic nutrient supply, perhaps related to phosphate genesis, limited
foraminiferal faunal diversity.

Upper Pungo River sediments within the Aurora Embayment (units C, D, and
DD) consist of phosphorite sands and interbedded phosphatic, quartz bearing,
moldic limestones. Units C and DD also grade southward into the calcareous
quartz sands of unit CC. These upper units contain richer, more diverse benthic
assemblages that are dominated by middle shelf species. Planktic specimens are
common within these units. Unlike the assemblages of units A and B, those of
unit C suggest no unusual depositional conditions. Phosphorites of unit C are
richer in phosphatic sediments than are those of units A and B. This enrichment
may reflect concentration by physical sedimentary processes. Faunal and
sedimentary characteristics suggest that the phosphate of unit C was transported,
perhaps being derived from adjacent areas of the embayment or directly from
underlying units A and B, in which the phosphorites appear to have formed in
situ.

AB0-8 Miocene seismic stratigraphy, structural framework and sea level cyclicity:
North Carolina Continental Shelf: Snyder, Stephen W., Hine, A.C., and
Riggs, S.R., 1980, Southeastern Geological Society and Florida Bureau of
Geology, Symposium on Miocene of Southeastern U.S., Abstracts, p. 13.

ABSTRACT

Stratigraphic interpretation of over 1000 km of high-resolution seismic
reflection data has delineated the stratigraphic and structural framework for
several Miocene depositional sequences within the Carolina Platform of Onslow
Bay, North Carolina. Comparison of the observed stratigraphy with published
seismic, magnetic, gravity and core hole data indicates that the distribution,
thickness and depositional pattern of each sequence has been controlled by:
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1. the regional tectonic framework;
2. several local, second-order structural features; and
3. global eustatic sea level fluctuations.

A broad zone of phosphatic, middle Miocene sediments and rocks crop out
at mid-shelf across the northern segment of the Carolina Platform. This outcrop
belt trends northeast to southwest, and extends from Frying Pan Shoals off Cape
Fear Arch, a mid-platform structural high. South of Bogue Banks, the middle
Miocene sequences abruptly change strike and run parallel to a north-south
oriented structural lineament, herein designated the White Oak Fault Zone. North
of Bogue Banks, the Miocene depositional sequences thin over the Cape Lookout
High, which is presently thought to be a pre-middle Miocene topographic high.
Several shallow basins, which are the surficial expression of subbottom
"flextures," were identified within the Miocene outcrop belt of Onslow Bay.
These flexures probably reflect differential subsidence within the Carolina
Platform.

The interpreted Miocene transgressive and regressive history is compatible
to synchronous events in the continental margins and cratonic basins of the
world. Each of the major depositional sequences and associated unconformities
correspond to established second- and third-order global eustatic sea-level
cycles. The Silverdale Formation, a lower Miocene sequence, corresponds to a
third-order global cycle. The middle Miocene Pungo River Formation represents
a second-order supercycle. Several major unconformities identified within the
Pungo River Formation via high-resolution seismic profiling allow us to subdivide
this unit into four discrete depositional sequences, each tentatively assigned
to a separate third-order global cycle. Similarly, the Pliocene Yorktown
Formation can be separated into two distinct depositional sequences, each
corresponding to an individual third-order global cycle.

A80-9 High-resolution seismic stratigraphy and global eustatic sea-level
fluctuations: Cape Lookout, North Carolina: Snyder, Stephen W., Hine,
A.C., Riggs, S.R., and Lewis, D.W., 1980, Geological Society of America,
Abstracts with Programs, v. 12, p. 526.

ABSTRACT

Stratigraphic interpretation of over 500 km of high-resolution seismic
reflection data has allowed us to redefine the geochronologic, stratigraphic
and structural framework for a portion of the eastern North Carolina continental
margin. The observed transgressive and regressive history is compatible to
synchronous events in the continental margins of the world. Each of the major
depositional sequences and associated unconformities identified correspond to
the second- and third-order global eustatic sea-level cycles of Vail and others
(1977). 1In addition, discrete sediment packages produced by higher frequency
sea-level cycles were identified, and are attributed to glacioeustatic and/or
local tectonic events.

The two oldest depositional sequences encountered, the Belgrade Fm. (late
Oligocene) and the Silverdale Fm. (lower Miocene), correspond to two distinct
third-order cycles. A major phosphogenic middle Miocene sequence, the Pungo
River Fm., can be subdivided into four discrete depositional sequences, each
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representing a separate third-order global cycle. Similarly, a Pliocene
sequence, the Yorktown Fm., can be separated into two distinct depositional
sequences, each corresponding to an individual third-order global cycle.

The distribution, thickness and depositional pattern of each of these
depositional sequences has been controlled by two major structures: (1) the Cape
Lookout High and (2) the White Oak Lineament.

1979

A79-1 Environments of deposition of the southeastern United States Continental
Shelf phosphorites: Riggs, S.R., 1979, in Marine Phosphatic Sediments,
editors, Burnett, W.C., and Sheldon, R.P., East-West Resource Systems
Institute, Honolulu, Hawaii, p. 11-12.

ABSTRACT

The well-known Miocene phosphorites of the SE United States Coastal Plain,
extend seaward onto the Atlantic Continental Shelf. On the shelf the
phosphorites occur both in the Miocene beds in the subsurface and in the surface
sediments south of Cape Hatteras, N.C. The surface sediments generally contain
between 1 to 4% phosphate grains. However, in Onslow Bay, N.C., where the
Miocene phosphorites crop out on the shelf, there is a broad zone where the
phosphate grains occur in excess of 4% and locally reach 40% of the sediment.
It is presently felt that the phosphorite in the surface sediments is not modern
but rather is being eroded from the Miocene and reworked into the surface
sediments. Various work during the past ten years has established that the
Miocene phosphorites do occur in the subsurface on the shelf off Jacksonville,
Fla., Savannah, Ga., and Onslow Bay, N.C. Even though these subsurface deposits
are only very poorly known, it is believed that these shelf deposits are much
more extensive than previously supposed.

Since the continental shelf phosphorites are part of the same extensive
Miocene sediment system which produced the phosphorites in the region between
Florida and North Carolina, the environments of deposition are also much the
same. Phosphorite sedimentation was primarily controlled by regional structural
highs such as the Ocala Arch and the Sanford High in Florida, the Beaufort Arch

in South Carolina, and the Cape Fear Arch in North Carolina. The coastal marine
and nearshore shelf environments around these structural highs were the primary
sites of phosphorite formation and deposition. In the shallower coastal

environments, the phosphorite formed primarily as microsphorite mud and
intraclastic grains. The sand and gravel intraclasts were highly fragmented and
abraided during subsequent transport. These grains were diluted primarily by
terrigenous sands and clays with some authigenic dolomite as they were deposited
in the associated entrapment basins. Downslope, in the nearshore shelf
environments, silt and fine sand-sized pelletal phosphorites were the dominant
phosphate component formed. These regular pelletal phosphorites accumulated in
the entrapment basins adjacent to the structural highs where they were diluted
primarily by authigenic dolomite, terrigenous gquartz sand, and some clay
minerals.
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Pl Biostratigraphy and paleoecology of a diatomaceous clay unit in the Miocene
Pungo River Formation of Beaufort County, North Carolina: Abbott, W.H., and
Ernissee, J.J., 1983, in Ray, C.E., editor, Geology and Paleontology of the
Lee Creek Mine, North Carolina, Part I: Smithsonian Contributions to
Paleobiology, no. 53, p. 287-354.

ABSTRACT

The diatomaceous clay unit from two cores from the Pungo River Formation
of Beaufort County, North Carolina, contains two diatom assemblages and
esgentially one silicoflagellate assemblage. Based on the diatom ranges, an
age equivalent to Blow’s (1969) zones N8-N9 was obtained for the older diatom
assemblage and an age equivalent to zone N11 for the younger assemblage. The
age range of the silicoflagellate assemblage is inclusive of the diatom
assemblages. The diatomaceous clay was deposited in a marine near-shore
environment with reducing bottom conditions and nutrient-rich surficial water.
The water may have been cooler or upwelling greater during the deposition of
the younger assemblage.

P2 Geology of the continental shelf, Onslow Bay, North Carolina, as revealed
by submarine outcrops: Blackwelder, B.W., MacIntyre, I.G., and Pilkey, O.H.,
1982, American Association of Petroleum Geologists Bulletin, v. 66,

P. 44-56.

ABSTRACT

Lithologic and stratigraphic data from rocks dredged from the continental
shelf off Onslow Bay, North Carolina, provide surface control for seismic studies
of the southeastern United States continental margin and help to explain the
distribution of potentially economic phosphate-rich sediments on this shelf.
Outcropping Miocene rocks in this area indicate that the region has long been
a positive geologic feature and has received relatively little Pliocene and
Pleistocene sedimentation. Leached, molluscan-moldic calcareocus quartz
sandstones of late Oligocene to early Miocene age (Belgrade Formation) and middle
to late Miocene age (Pungo River Formation) crop out in southwestern and
northeastern Onslow Bay, respectively. These two areas border a band of highly
phosphatic surficial sediments probably derived from unlithified, phosphatic
units of the Pungo River Formation. Lower Pleistocene calcarenites that
correlate with the Waccamaw Formation crop out on the sea floor near Cape Fear,
which bounds Onslow Bay on the south. A core on Frying Pan Shoals off Cape Fear,
after passing through Pleistocene coquina, calcareous quartz sandstone, and
oolitic sand, penetrated upper Pliocene calcarenites of the Bear Bluff Formation
and middle Miocene phosphatic argillaceous sandstones of the Pungo River
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Formation. Samples from this core hole show that phosphate increases toward the
top of the unindurated Pungo River Formation section, indicating that this
formation is probably the source of the high phosphate concentrations in the
surficial sediments near Cape Fear, where the Bear Bluff calcarenites also crop
out. Upper Pleistocene units include oolitic limestones adjacent to the outer
shelf, calcareous quartz sandstones around Cape Fear, and molluscan cogquinas near
Cape Lookout which bounds Onslow Bay on the north. The outer shelf is blanketed
by submarine lithified algal limestones and sandstones of Holocene age.

P3 The relation of phosphorites to ground water in Beaufort County, North
Carolina: Brown, P.M., 1958, Economic Geology, v. 53, p. 85-101.

ABSTRACT

Recent ground-water studies undertaken by the U.S. Geological Survey in
cooperation with the North Carolina Division of Mineral Resources have delineated
phosphorite deposits, tentatively regarded as being of middle Miocene age, in
Beaufort County. These deposits lie unconformably on limestone of Eocene age
and are unconformably overlain by late Miocene marl. The phosphorites, buried
beneath strata ranging in thickness from 45 to 250 feet, underlie an area
approximating 450 square miles. The total thickness of the phosphorite column
throughout the area ranges from several feet to nearly 90 feet.

The phosphorite column consists of phosphatic sands and intercalated shell
limestones. The sands, composed of pellets of brown sand-size collophane
(probably carbonate-fluorapatite) and sand-size, flat-sided angular quartz with
some silt, clay, and organic material, have a median diameter between 0.50 and
0.25 mm. Chemical analyses of representative samples of the raw sand show a
variation in P,O; content from 8 to 31 percent. The P,0; content is apparently
proportionate to the collophane content throughout the area.

Reconstruction of the geologic history suggests that the phosphorites were
deposited as chemical precipitates and as in situ replacements in a restricted
marine basin where the pH of the water acted as the primary depositional control.

Reconstruction of the hydrologic history of the phosphorites indicates that
the deposits were preserved under artesian conditions; they were never subjected
to alteration under water-table conditions. The absence of postdepositional
alteration makes this area a potentially classic one for studies of phosphorite
genesis.

Chemical analyses of artesian waters from the phosphorites and from
limestones overlain by phosphorites reveal significantly greater concentrations
of iodide and bromide in solution than are present in water from overlying
sediments or from underlying limestones not overlain by phosphorites. Such
anomalies if present in other similar terranes, may indicate the presence of
buried phosphorites.

The depth and size distribution of the material suggest a recovery method
utilizing wells constructed to "pump sand."
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P4 Structural and stratigraphic framework, and spatial distribution of
permeability of the Atlantic Coastal Plain, North Carolina to New York:
Brown, P.M., Miller, J.A., and Swain, F.M., 1972, U.S. Geological Survey
Professional Paper 796, 79 p.

ABSTRACT

This report describes and interprets the results of a detailed subsurface
mapping program undertaken in that part of the Atlantic Coastal Plain which
extends from the South Carolina and North Carolina border through Long Island,
N.Y. Data obtained from more than 2,200 wells are analyzed. Seventeen
chronostratigraphic units are mapped in the subsurface. They range in age from
Jurassic(?) to post-Miocene. The purpose of the mapping program was to determine
the external and internal geometry of mappable chronostratigraphic units and to
derive and construct a permeability-distribution network for each unit based upon
contrasts in the textures and compositions of its contained sediments.

The report contains a structure map and a combined isopach, lithofacies,
and permeability-distribution map for each of the chronostratigraphic units
delineated in the subsurface. 1In addition, it contains a map of the top of the
basement surface. These maps, together with 36 stratigraphic cross sections,
present a three-dimensional view of the regional subsurface hydrogeology. They
provide focal points of reference for a discussion of regional tectonics,
structure, stratigraphy, and permeability distribution. Taken together and in
chronologic sequence, the maps constitute a detailed sedimentary model, the first
such model to be constructed for the middle Atlantic Coastal Plain.

The chronostratigraphic units mapped record a structural history dominated
by lateral and vertical movement along a system of intersecting hinge zones.
Taphrogeny, related to transcurrent faulting, is the dominant type of deformation
that controlled the geometry of the sedimentary model.

Twelve of the seventeen chronostratigraphic units mapped have depositional
alinements and thickening trends that are independent of the present-day
configuration of the underlying basement surface. These 12 units, classified
as genetically unrooted units, are assigned to a first-order tectonic stage.
A structural model is proposed whose alinements of positive and negative
structural features are accordant with the depositional geometry of the
chronostratigraphic units assigned to this tectonic stage. The dominant features
of the structural model are northeast-plunging half grabens arranged en echelon
and bordered by northeast-plunging fault-block anticlines. Tension-type hinge
zones that strike north lie athwart the half grabens.

Five of the seventeen chronostratigraphic units mapped have depositional
alinements and thickening trends that are accordant with the present-day
configuration of the underlying basement surface. These five units, classified
as genetically rooted units, are assigned to a second-order tectonic stage. A
structural model is proposed whose alinements of positive and negative features
are accordant with the depositional geometry of the chronostratigraphic units
assigned to this tectonic stage. The dominant feature of this model is a graben
that stands tangential to southeast-plunging asymmetrical anticlines.
Tension-type hinge zones that strike northeast lie athwart the graben.

To account for the semiperiodic realinement of structural features that
has characterized the history of the region and as a working hypothesis, we
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and outcrop may be synonymous in the way biota respond to complex habitats.

Ultimately, we believe it will be possible to accurately classify the
benthic habitats of the SAB and estimate their areas. Such information would
be useful in developing habitat specific fishery management plans, determining
fishery yields for habitat specific organisms, predicting impacts from energy
or mining explorations, and planning future research. The ultimate product is
a long-term goal. This report represents a first attempt at addressing some
problems relevant to quantifying one major continental shelf habitat (hard
bottom) in a section of the SAB.

The objectives of this project were to: 1) conduct a survey of SAB agencies
having management responsibilities in the area to determine their involvement
with hard bottom habitats, the type and detail of data they need, and how they
view management of such data, and 2) evaluate the adequacy of representative data
sources from a test area in Onslow Bay, NC for their adequacy to meet the needs
identified by the survey and their ability to delineate hard bottom resources.
The latter objective involved characterizing the type and format of data,
variables included, and ease of data manipulation. In addition, data were
evaluated for their ability to delineate hard bottom resources. We emphasize
that our findings are most relevant to the North Carolina test area. Our
evaluation of methods and problems may be widely applicable, but because our data
were from a restricted area, attempts to use our analyses outside the test area
or especially outside North Carolina may yield variable and inaccurate results.

P37 Structure of the continental slope off the eastern United States: Schlee,
J.S., Dillon, W.P., and Grow, J.A., 1979, in Doyle, L.J., and Pilkey, O.H.,
editors, Geology of Continental Slopes: Society of Economic Paleontologists
and Mineralogists, Special Paper 27, p. 95-118.

ABSTRACT

The continental slope off eastern United States is built across a zone of
deeply buried (6-12 km) fault blocks that formed during the rifting of
continents. Associated with these blocks are intrusives, salt diapirs, and reef
complexes; all are underlain by a zone of thinned continental, transitional, and
oceanic crust beneath the shelf slope, and upper continental rise. Four basic
sedimentary units appear to underlie much of the slope: (1) a probable
terrigenous clastic-evaporite-volcanic sequence associated with fault blocks;
(2) a carbonate platform reef sequence, which probably formed along the ancestral
shelf-slope break; (3) a marine and non-marine sequence built over the carbonate
rocks north of the Blake Plateau as the shelf in some areas prograded seaward
during the Cretaceous; and (4) a thick rise prism of sediments of Tertiary and
younger age that laps up on the base of the slope north of the Blake Spur. Much
of the present slope is an erosional surface, cut into lower Tertiary and Upper
Cretaceous strata during Cenozoic marine regressions as sediment moved downslope
to build the rise prism; the shelf-slope break has retreated 5-30 km from the
break that existed during the Late Cretaceous. Over the Blake Plateau, periodic
scour by currents associated with the ancestral Gulf Stream caused a 300-km
landward jump of the shelf break at about the end of Paleocene as the plateau
continued to subside.

Laterally, the slope varies in the distance that it retreated (maximum to
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the south) and in the degree to which reeflike masses are developed. Continuous
well-developed carbonate banks or reefs controlled location of the shelf edge
of the southern Blake Plateau; they were terminated both there and to the north
near the end of the Early Cretaceous, although reef formation may have shifted
to locations beneath the present continental shelf.

Local progradation of the outer shelf and slope occurred during parts of
the Jurassic and Cretaceous, depending on the sediment supply and the effects
of transgression and regression of sea level, During the Tertiary, however,
erosion and retreat of the shelf edge was dominant.

P38 Planktonic foraminifera and biostratigraphy of the Yorktown Formation, Lee
Creek Mine: Snyder, Scott W., Mauger, L.L., and Akers, W.H., 1983, in Ray,
C.E., editor, Geology and Paleontology of the Lee Creek Mine, North Carolina
Part I: Smithsonian Contributions to Paleobioclogy, no. 53, p. 455-482.

ABSTRACT

The open-pit phosphate mine of Texasgulf Inc. at Lee Creek provides the
most nearly complete section of the Yorktown Formation in North Carolina. The
Yorktown exposure at this locality has yielded a rich and diverse vertebrate
fauna. However, the biostratigraphic position of this important exposure has
been difficult to determine because previous studies of planktonic foraminifera
have yielded too few species to provide a basis for precise interpretation.
During this study 29 species and subspecies of planktonic foraminifera were
identified from 42 samples taken at vertical intervals of 35 cm through a 15 m
section of the Yorktown Formation. Concurrent portions of the range zones of
eight taxa indicate an age of late early to early late Pliocene (from just below
the base of Blow’s zone N19 to the middle of his zone N20).

P39 sStratigraphy and depositional history of Bogue Banks, North Carolina: Steel,
G.A., 1980, M.S. Thesis, Duke University, Durham, N.C., 201 p.

ABSTRACT

Forty-one auger holes were drilled along the 40 km (26 mi) length of Bogue
Banks, N.C., and two on the adjacent mainland. Sediments found beneath the
island are of Tertiary, Pleistocene, and Holocene age. Tertiary units found were
the lower Miocene Haywood Landing Member of the Belgrade Formation, the middle
Miocene Pungo River Formation, and the Plio-Miocene Yorktown Formation. The
contact of the Tertiary Formation with the overlying Quaternary sediment is an
angular unconformity with a general dip of the older beds to the east and south.
The late Pleistocene Diamond City Clay, known to occur to the east beneath
Shackleford and Core Banks, thins and pinches out beneath the western half of
Bogue Banks.

Carbon-14 dating indicates that Holocene deposition began beneath Bogue a
minimum of 9300 years B.P. Transgressive and regressive sequences dominate the
Holocene section. Three depositional environments are represented within the
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transgressional sequences. These are back barrier, dune and overwash, and inlet
(including flood tidal delta). Inlet sediments representing a minimum of 11
relict inlets were found. BAll of the regressional sediments were deposited in
the nearshore marine environment. The rate of rise of sea level apparently
played an important role in controlling the depositional history of the island.
An area near the east end of Bogue may have served as a hinge zone during
regressional sedimentation. East of the hinge zone transgressional sedimentation
continued without interruption and the eastern section swung landward. West of
the hinge zone regressional sedimentation took place and the western section
swung seaward.

P40 Holocene evolution of the shelf surface, central and southern Atlantic Shelf
of North America: Swift, D.J.P., Kofoed, J.W., Saulsbury, F.P., and Sears,
P., 1972, in Swift, D.J.P., Duane, D.P., and Pilkey, O.H., editors, Shelf
Sediment Transport Process and Pattern: Dowden, Hutchinson, and Ross Inc.,
Stroudsburg, Pennsylvania, p. 499-514.

ABSTRACT

The floor of the central and southern Atlantic shelf is a palimpsest or
multiple imprint surface. An initial pattern is an erosional one consisting of
major transverse shelf valleys and plateau-like interfluves. The dominant
pattern is that of constructional topography formed at the foot of the shoreface.
This constructional pattern is undergoing modification toward a third pattern
in response to the modern hydraulic regime; therefore, the term "relict" does
not seem an adequate descriptor. A unifying concept for the interpretation of
Holocene shelf history is that of Bruun coastal retreat. This variant of the
equilibrium profile hypothesis states that a rise in sea level over an
unconsolidated coast results in shore-face erosion, equivalent to parallel slope
retreat, and a concomitant aggradation of the adjacent sea floor. The resulting
discontinuous debris mantle, the Holocene transgressive sand sheet, is only
partly autochthonous with respect to the Holocene sedimentary cycle, since it
incorporates Holocene fluvial deposits.

The surface of this sand sheet has been molded into a variety of morphologic
elements. Where the sheet has been generated directly from the retreating
shoreface, a ridge—-and-swale topography has been empressed upon it. Off cuspate
forelands, the convergence of littoral drift has resulted in cape-associated
shoals. Off estuary mouths the intersection of littoral drift with the reversing
estuary tide has created inlet-associated shoals. Seaward of each of these shoal
types, earlier generations of the same shoals commonly occur. The resulting
shelf-transverse sand bodies, formed by the progressive landward displacement
of shoreline depositional centers, are shoal-retreat massifs.

The ridge-and-swale topography is impressed on shoal-retreat massifs, as
well as on other sectors of the shelf floor and appears to be a stable
end-configuration toward which a variety of depositional and erosional
topographies tend to converge. The asymmetry of large-scale morphological
elements and also of small-scale bedforms suggests that southward sediment
transport in the Middle Atlantic bight intensifies toward shore and toward the
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south. The southward asymmetry of ridges and shoal complexes is seen as far
south as Florida.

P41 Outline of Tertiary stratigraphy and depositional history of the U.S.
Atlantic Coastal Plain: Ward, L.W., and Strickland, G.L., 1985, in Poagq,
C.W., editor, Geologic Evolution of the United States Atlantic Margin: Van
Nostrand Reinhold Co., New York, New York, p. 87-124.

ABSTRACT

On the Atlantic Coastal Plain, sediments representing most of the Tertiary
stages provide a record of the intermittent local downwarping of a trailing-edge
coast as well as widespread deposition during marine high stands. Principal
depocenters along the Atlantic Coastal Plain were the Salisbury, Albemarle, and
Southeast Georgia embayments. Sedimentation occurred principally in these basins
but occasionally overlapped the arches that separate them. This overlapping may
have been due to local downwarping of an arch, such as occurred on the Cape Fear
arch during the Pleistocene, or to extremely high sea-level stands as occurred
in the middle Eocene and late Pliocene.

This series of intermittently active basins has produced a complex sequence
of lithic units that, in some ways, differ greatly from their Gulf Coastal Plain
equivalents and, in other ways, are remarkably similar. Strikingly different,
however, were the sedimentation rates in the two areas. Although several
thousand meters of sediment were deposited in the Gulf area during a particular
time interval, the Atlantic received only a few hundred meters. The Gulf
sequence, in many cases, is composed principally of deltaic sediments, whereas,
along the Atlantic coast, sedimentation was almost entirely marine. The Atlantic
region, therefore, may be a better area to study global sea-level fluctuations
than the more structurally active Gulf area.

An excellent area to study the onlap-offlap record of sea-level pulses is
in the Salisbury embayment, specifically along the Pamunkey River in the central
Virginia Coastal Plain. Within a short distance on that river, a richly
fossiliferous series of beds ranging in age from the middle Paleocene to the late
Pliocene crop out. The units are readily recognizable and easily traced, and
their boundaries or contacts well defined. A very detailed record of
submergence, emergence, and structural movement has been documented by use of
mollusks, ostracodes, dinoflagellates, and calcareous nannofossils.
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