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GEOLOGIC FRAMEWORK AND DYNAMICS OF THE

NORTHEASTERN NORTH CAROLINA COASTAL

SYSTEM

1. PRELIMINARY ECU EXECUTIVE PROJECT
SUMMARY:

♦ A vast network of remotely sensed data within the estuaries and on
the barrier islands demonstrate that:

� There is a strong relationship between the underlying
Pleistocene geologic framework and the location, geometry and
process dynamics of the evolutionary history of the Holocene
sediments and modern barrier islands, inlets, and associated
estuarine water bodies.

� The patterns and severity of both ocean and estuarine
shoreline erosion are complexly, but intimately related to the
combined inputs resulting from the local and regional
evolutionary history, geologic heritage, pattern of physcial
dynamics, and recent human modifications.

♦ Detailed field mapping, vibracore studies, and aerial photo analysis
on the northern Outer Banks and Core Banks demonstrate that:

� Barrier island and estuarine morphology are initially
controlled by the paleotopography of the lowstand drainage
systems.

� Local sand supplies determined the type of barrier island at
any given location. The important sand supplies include
barrier location relative to the major trunk rivers, cape-
shoal structures, and pre-existing Pleistocene sand units.

� The pattern and dynamics of storms determined the character of
the barrier islands up to the mid-1900’s. Since then, human
activities in consort with the storms, dictate barrier island
response and evolutionary history.

♦ Rates of estuarine shoreline erosion and accretion are extremely
variable and dependent upon a specific set of geological, physical,
and biological variables, as well as decadal-scale climatic
oscillations affecting storm activity in the mid-Atlantic region.

� Most estuarine shorelines are eroding in response to ongoing
sea-level rise and associated wave dynamics.

� Significant wetland loss is occurring along most eroding
mainland and back-barrier estuarine shorelines.

� Small segments within the interior and along the back-barrier
shorelines, as well as the upper reaches of small tributary
estuaries are characterized by constructive marsh growth.
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♦ Sedimentological, foraminiferal, and geochemical studies of
estuarine sediments are providing information on the depositional
environments and the changes in these environments over the past
decadal, centenial, and millenial time scales. 

 
� The estuaries are complicated systems that have environments

dominated by both deposition and erosion. However, most sample
sites and seismic data show multiple episodes of significant
erosion during the past centuaries and millenia.

� Stable isotopic evidence of estuarine sediments indicate that
short-term (decadal) erosion of bottom sediments is a dominant
process within many portions of the estuaries.

� Stable isotopic evidence demonstrates a major shift in the
dominant organic matter source to the estuarine system in the
last 120 years. This change has been from a more marine
influenced system in the past to the present terrestrial/marsh
dominated system.

� Estuarine, sound, marsh and inlet environments have
characteristic foraminiferal assemblages that, together, are
being used as a model to reconstruct paleoenvironments in the
subsurface samples.

♦ The paleodrainage system, including trunk rivers and tributary
channels, have been mapped and drilled on the barrier island and
back-barrier Albemarle—Pamlico estuarine. Thus, these data are
defining the following controls to the NC coastal system:

� Pleistocene paleotopography and its subsurface seismic-
stratigraphic framework.

� Paleogeometry of the Holocene sediment record within the
estuaries and barrier islands that have infilled and buried
the late Pleistocene paleotopography.

� Relationships between paleotopography and type of barrier
island and associated sediment supplies, rates of both ocean
and estuarine shoreline erosion, type and permanence of
inlets, and the evolutionary history of the coastal system.

� Ongoing rise of sea level is causing the systematic migration
of the coastal system upward and landward with significant
rates of shoreline recession of both the ocean and estuarine
shorelines and the resulting loss of wetlands and associated
uplands.

� Understanding the preceeding variables will allow better
predictions concerning the patterns of both short- and long-
term coastal change.

♦ Based upon these preliminary data, the following maps predict the
short-term (Fig. 1A: one to two decades) and long-term (Fig. 1B: one
to two centuries) evolution of the NE NC barrier island—estuarine
system. These maps are based upon the assumption that the present
degree of storminess and rate of sea-level rise continues in NE NC
(Figures are from Riggs, 2002). 
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Figure 1. Panel A is the prediction for the short-term (few decades)
and Panel B is the prediction for the long-term (few centuries) future
character of the barrier islands and associated estuaries within
northeastern N.C. Either of these scenarios will be realized if 1) sea
level continues to rise at either the present rate or increases in
response to predicted rates of global warming and 2) the quantity and
magnitude of storms that have characterized the 1990’s continues or
increases. Figure is from Riggs (2002).
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2. NORTH CAROLINA COASTAL GEOLOGY
COOPERATIVE PROGRAM:

2A. FIVE-YEAR COOPERATIVE STUDY

The North Carolina Coastal Geology Cooperative (NC CGC) is a five-year
program to obtain and synthesize geologic data throughout the NE—NC
coastal system. Figure 2 is a regional map showing the coastal segments
included in the NC CGC research program. Field work for Segment 1 was
completed during FY 2001 with data analysis being carried out during FY
2002. Field work for Segment 2 was completed during the FY 2002 field
season with data analysis being carried out presently. Figure 2
outlines the progression of field surveys through segment 4.

 
2B. OVERALL PROJECT RESEARCH GOALS

• Map Quaternary section within the Albemarle embayment including the
inner shelf—barrier island—estuarine coastal systems and the
adjacent mainland areas.

• Define the geologic framework controlling the modern coastal system.
• Develop the regional Holocene and Pleistocene evolutionary histories

of sea-level and climatic fluctuations and determine the coastal
sediment responses.

• Describe the process dynamics driving the ongoing modern coastal
changes, including human modifications.

• Provide regional synthesis to support a wide range of management
decisions and scientific activities by Federal, State, and local
agencies and institutions.

2C. COOPERATIVE FEDERAL/STATE AGENCIES
 PRIMARY AGENCIES

US Geological Survey
East Carolina University
NC Geological Survey

OTHER COOPERATING UNIVERSITIES
University of Delaware
Virginia Institute of Marine Sciences

OTHER COOPERATING AGENCIES
US National Park Service

Cape Hatteras National Seashore
Cape Lookout National Seashore

US Fish & Wildlife Service
Pea Island National Wildlife Refuge

US Army Corps of Engineers
Field Research Facility—Duck

NC Division of Coastal Management
Coastal Resources Commission

NC Division of State Parks
Jockeys Ridge State Park

Environmental Defense
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Figure 2: Northeastern North Carolina regional map with coastal
segments to be studied by the USGS/ECU/NCGS Coastal Geology Cooperative
Program.
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2D. ECU RESEARCH TEAM

Dr. Stanley R. Riggs Distinguished Research Professor, ECU
Dr. Stephen J. Culver Professor and Chair, ECU
Dr. D. Reide Corbett Assistant Professor, ECU
Dr. David J. Mallinson Assistant Professor, ECU
Ms. Dorothea V. Ames Research Associate, ECU
Dr. Benjamin Horton Visiting Scientist, University of Durham

Mr. Dan Giffin PhD Graduate Student, ECU
Mr. Robert White PhD Graduate Student, ECU
Ms. Irene Abbene MS Graduate Student, ECU
Mr. Jon Fredricks MS Graduate Student, ECU
Ms. Erin Letrick MS Graduate Student, ECU
Ms. Megan Murphy MS Graduate Student, ECU
Mr. Pete Parham MS Graduate Student, ECU
Mr. Chris Smith MS Graduate Student, ECU
Ms. Kim Sunderlin MS Graduate Student, ECU
Mr. Lance Tulley MS Graduate Student, ECU
Mr. David Vance MS Graduate Student, ECU
Ms. Dina Ghikas Undergraduate Student, Beloit College

Departments of Geology and Coastal Resource Management
East Carolina University
Greenville, NC 27858

3. ECU PROJECT COMPONENTS:

3A. REMOTELY SENSED SURVEYS

3A1. UNIBOOM AND CHIRP SEISMIC SURVEYS: Develop the deep (10-100
meters) and shallow (< 10 meters) stratigraphic record beneath the
estuarine system.

DATA COLLECTION AND ANALYSIS
During July 28-August 16, 2002, scientists and technicians from the
USGS--Woods Hole, and ECU--Geology Dept., conducted geophysical surveys
in the back-barrier estuarine environments of Segment II (Fig. 2) using
the R/V Rafael. In 2002, approximately 800 km of Uniboom and Chirp high
resolution seismic data were collected in the northern portion of
Pamlico Sound (Fig. 3).

Equipment used included a Geopulse uniboom seismic source sled, a
Benthos AQ-4 hydrophone streamer, a Knudsen 320 BR sonar acquisition
system with two 3.5 kHz centered transducers, and one 200 kHz
transducer. All navigation was performed using differentially corrected
GPS data and Hydro software. Seismic data were collected using a power
setting of 100 joules and shot interval of 0.5 seconds.

Uniboom seismic data reveal structure to at least 14 milliseconds (~105
m), while the chirp sonar data reveal the shallow detailed structure of
the upper 10-15 m. The overall data are characterized by windows of
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Figure 3. High resolution seismic survey track lines within Segment I (2001)
and Segment II (2002).
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deep penetration (>100 m) separated by areas of total acoustic
attenuation (acoustically opaque) produced by organic-rich mud that
generally occurs as Holocene estuarine channel fill sediments. The best
deep data occur on the shallow perimeter platforms around the estuarine
flanks where Pleistocene strata occur at or near the sediment-water
interface.

The 2001 data were processed using Sioseis and Promax software at the
USGS-Woods Hole. Processed seismic lines were interpreted and digitized
at ECU using a variety of software including MapInfo, Excel, Canvas,
Surfer, and Vertical Mapper. The 2002 data are being processed and
interpreted at ECU using the Kingdom Suite Software (Seismic
Microtechnology, Inc).
 
Uniboom seismic and chirp sonar data have been interpreted and digitized at
ECU using two methods. The following method was utilized for the 2001 data.
• Original GIF files are imported into Canvas software, printed out and

interpreted. Interpreted seismic reflectors are being traced in Canvas and
exported as GIF files.

• Interpreted reflectors are being loop-tied throughout the study area,
where possible (significant difficulties are arising due to signal
attenuation in major portions of the study area).

• GIF files are imported as raster images into MapInfo software and
geoencoded using shot point and two-way travel time.

• Interpreted horizons are digitized in MapInfo and exported as a MIF table.
• MIF tables are imported into Excel and shot points are converted to

lat/long positions using shot navigation data provided by the USGS.
• The result is a table consisting of longitude, latitude, and depth (TWTT)

for each significant reflector. This table is then available for importing
into a plotting program.

The following method was utilized for the 2002 data.
• Standard format segy data are imported into the Kingdom Suite software.
• Reflectors are interpreted and digitized to produce xyz data of

sequence boundaries.

PRELIMINARY RESULTS
Within the Albemarle Sound study area (Segment 1 in Fig. 2 and Fig. 3),
parallel-bedded, gently dipping Miocene beds occur at 100 to >180 mbsl,
and are overlain by a southward-thickening Pliocene unit characterized
by steeply inclined southward-prograding beds (Fig. 4). The Quaternary
section is 60-70 m thick, unconformably overlies the Pliocene unit, and
consists of at least five depositional sequences exhibiting numerous
incised channel-fill facies. Shallow stratigraphy (0-50 mbsl) in the
eastern Albemarle Sound is dominated by complex fill-stratigraphy
within the incised paleo-Roanoke River valley (Fig. 4).

Seismic data reveal that initial infilling occurred from the N and W
during the late Pleistocene and early Holocene (Fig. 5). Later
infilling occurred from the E and is characterized by a large shoal
body (Colington Shoals) with radiocarbon dates to 8.6 cal. ka.
Establishment of a continuous barrier island system resulted in
deposition of a final phase of fill characterized by estuarine organic-
rich muds. Cores in the Kitty Hawk area reveal a 3-6 m thick basal
fluvial channel lag in the paleo-Roanoke River valley that is overlain
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Figure 4. Correlation of the stratigraphic units defined by Zarra
(1991) in the Mobil #1 well in the eastern Albemarle Sound, to the
seismic sequences defined in this investigation along line 32 in the
eastern Albemarle Sound. Horizons B through H are sequence boundaries
as defined in seismic data.
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Figure 5. Interpretation of seismic line 38 (2001) in the eastern
Albemarle Sound showing Valley-Fill (VF) units within the Paleo-Roanoke
River Valley Complex.

 

 

 

Figure 6. Raw (top) and interpreted (bottom) uniboom seismic data from
the Pamlico Sound behind Ocracoke Inlet (see Figure 1 for location).
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by a 15 m thick unit of interbedded freshwater muds and sands. Organic
materials within the freshwater deposits have ages of 13-11 cal. ka,
and are overlain by shallow marine sediments that are silty, fine- to
medium-grained sands containing abundant neritic forams, suggesting
that this area was an open embayment during much of the Holocene.

Preliminary observations of Pamlico Sound data (Segment 2 in Fig. 2 and
Fig. 3) reveal multiple Neogene seismic sequences also bounded by high
amplitude reflectors exhibiting complex incised channel-fill facies
(Fig. 6). The Quaternary section appears to be approximately
approximately 55 m thick. The channel facies define a late Pleistocene
drainage network within Pamlico Sound that is inherited from the
earlier Pleistocene framework. Fluvial channels reoccupy the older
channels of previous fluvial systems through successive sea-level
events. Some channels extend seaward beneath the Outer Banks and appear
to exhibit controls on location and stability of inlets and barrier
island morphology. Specifically, Ocracoke and Hatteras Inlets appear to
occupy fluvial channels incised to depths of 37 meters below sea level
(Fig. 6). Oregon Inlet does not appear to occupy a fluvial channel.

3A2. GROUND-PENETRATING RADAR SURVEYS: Develop the shallow (< 10
meters) stratigraphic record beneath the barrier islands.

 
DATA COLLECTION AND ANALYSIS
During FY 2001, approximately 250 km of ground penetrating radar (GPR)
surveys were obtained on the barrier islands within Segment 1 (Fig. 2)
and extending from Duck, NC south to Oregon Inlet (Fig. 7). From July
28 through August 16, 2002, approximately 350 km of (GPR) surveys
extended the survey from Whalebone Junction south to Hatteras Inlet
(Fig. 7). The main coastal highway (Highway 12) was surveyed with the
aid of escorts by the Dare County Sheriffs Office. The surveyed area
includes shore-parallel and shore-perpendicular road networks within
the towns of South Nags Head, Rodanthe, Waves, Salvo, Avon, Buxton,
Frisco, and Hatteras, as well as within the Cape Hatteras National
Seashore and Pea Island Wildlife Refuge.

Surveys were performed using a GSSI (Geophysical Survey Systems, Inc.)
100 and 200 mHz antennas in monostatic (single antenna) modes. Due to
the general narrowness of this barrier island sequence and occurrence
of shallow salt water, the 100 mHz antenna tended to produce minimal
results, except in Buxton Woods. Thus, most data were obtained with the
200 mHz antenna. A survey wheel was used in most cases, along with GPS
positioning in all cases. GPS data were differentially corrected
following initial acquisition.

Subsurface radar penetration was variable as a result of widely varying
geologic and hydrologic properties of the sediments (variable
dielectric properties and conductivity). Minimum penetration was
approximately 20 ns (two-way travel time) and maximum penetration was
approximately 250-500 ns (in Buxton Woods). Based upon these travel
times, and using a dielectric constant of 13, typical of saturated
quartz sands, the corresponding minimum and maximum penetrations are
generally between 5-10 m and locally up to 20 m, respectively. Data are
currently being processed using Radan software (GSSI) to assess the
stratigraphic framework of this area, and to provide subsurface data
for future drilling.
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Figure 7: Ground-penetrating radar (GPR) survey track lines on the barrier
islands within Segment I (2001) and Segment II (2002).
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PRELIMINARY RESULTS
Numerous electromagnetic (EM) facies, bedding planes and stratigraphic
relationships of depositional and erosional horizons are clearly
delineated in areas with significant penetration. Figure 8 is an
interpreted N-S section displaying a set of nested channel structures
that probably represent a paleo-inlet between Little Kinnakeet and
Avon. Figure 9, at the S-curves on the N side of Rodanthe, displays
extensive overwash fan sediments lying on top of an older unit
characterized by a chaotic sediment pattern. Based upon other data and
one drill hole in this area (Riggs et al., 1995), this unit has been
preliminarily interpreted to be a late Pleistocene sediment sequence.
Other preliminary interpretations of the GPR data reveal the following
depositional facies.
• Beach ridges and beach ridge sets;
• Possible inlet fill or spit progradation facies (characterized by

steep, unidirectional prograding clinoforms);
• Channel cut and fill facies (fluvial channels; characterized by

concave-up channel structures, truncated reflectors, and fill
patterns of prograding clinoforms);

• Estuarine mud facies (attenuation of signal);
• Coastal dune facies (complex bed-sets with variable dip directions

and multiple reactivation surfaces);
• Beach facies (planar, very low-angle, seaward-dipping reflectors);
• Wash-over facies (planar, very low-angle landward-dipping topset

reflectors terminating in steeply inclined landward-prograding
clinoforms).

3B. ESTUARINE COASTAL SYSTEMS MAPPING

3B1. MICRO-ORGANISM COMPOSITION AND DISTRIBUTION OF MODERN
DEPOSITIONAL ENVIRONMENTS: Distribution and composition of benthic
foraminifera within major modern estuarine ecosystems for interpreting
the depositional environments.

ALBEMARLE SOUND ESTUARINE SYSTEM (SEGMENT 1 IN FIG. 2).
In 2001, 50 samples were taken in estuarine environments of Albemarle
Sound and associated tributary estuaries (Fig. 10) for analysis of the
benthic foraminiferal composition and distribution, in concert with
sediment analyses and determination of sedimentation rates. The
composition and distribution of live and dead benthic foraminifera in
these 50 samples has now been documented and Pb-210 and Cs-137 dating
has helped define the erosion-deposition history at 28 of the 50 sites.
The distribution of benthic foraminifera from various modern
environments (Fig. 11) is being used as a model for interpreting
paleoenvironments in both Holocene and Pleistocene samples obtained
from push cores, vibracores, and drill cores.

Preliminary analysis of surface samples show that three modern
foraminiferal assemblages are present in Albemarle, Currituck, Roanoke,
and Croatan Sounds.
• Estuarine assemblage characterized by two dominant agglutinated

genera, Ammobaculites and Ammotium;
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Figure 8 . A). Processed (filtered and stacked) 200 MHz ground-
penetrating radar data from Hatteras Island (top). B). Interpretation
of multiple inlet cut-and-fill episodes (separated by heavy black
lines). See Figure X for the location of this profile.

 
 

 
 
Figure 9 . Processed (filtered and stacked) 200 MHz ground-penetrating
radar data from Hatteras Island showing horizontally bedded Holocene
overwash deposits overlying Pleistocene barrier island sands.



 17

Figure 10. Location map of sample sites and push cores within the 2001
(Segment I—Albemarle Sound estuarine system) and the 2002 (Segment II—
northern Pamlico Sound estuarine system) study areas.
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Figure 11. Benthic foram distribution within the surface sediments of
Albemarle Sound estuarine system.
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• Marsh assemblage characterized by varying abundances of the
agglutinated species Arenoparrella mexicana, Haplophragmoides
wilberti, Jadammina macrescens, Miliammina fusca, Tiphotrocha
comprimata, Trochammina inflata; and

• Marine (normal salinity) assemblage characterized mainly by the
calcareous species Elphidium excavatum.

The estuarine assemblage can be subdivided along the salinity gradient
into upper and lower estuarine subassemblages based on abundance
variations in subsidiary species. A third estuarine subassemblage
occurs adjacent to marsh shorelines and is characterized by a mixed
assemblage of estuarine and marsh species (Fig. 11).

PAMLICO SOUND ESTUARINE SYSTEM (SEGMENT 2 IN FIG. 2).
In 2002, 50 samples were taken in estuarine environments of Northern
Pamlico Sound (Fig. 10) for analysis of the benthic foraminiferal
composition and distribution, in concert with determination of the
sedimentation rates. Surface sediment samples were obtained from
shallow push cores (<0.5m). The 50 sample sites included the following
subenvironments: back-barrier shorelines and marshes, back-barrier
sounds, inlets, tributary drowned-river estuaries, and mainland
shorelines. Each of these subenvironments was then further sub-divided,
as necessary, to encompass variables within the ecosystem where samples
were collected (bottom morphology, variable sediment and vegetation
types, salinity gradients, anthropogenic influence, etc.). This will
allow inter-environmental comparisons as data are compiled.

Several physical and chemical measurements were made at each site
including depth, salinity/conductivity, temperature, and dissolved
oxygen. Two hand-grab samples were collected from each site and two
short push cores (15-75 cm) were obtained at all possible sites. A
third short-core was collected from most sites to be x-rayed at ECU’s
Medical School for bioturbation studies. Short cores were not collected
from sites that were dominately sand and therefore impossible to core.
At these sites, a third hand-grab sample was collected for statistical
purposes. An additional 18 hand-grab samples were obtained at 6 other
sites in various subenvironments around the shallow beach and marsh
back-barrier shorelines.

Two cores at each site were sectioned into 2 cm intervals on site,
packaged, and stored for subsequent sediment, chemical, and foram
analyses in the ECU Geology Dept. Samples are currently being logged
and processed. Foraminiferal populations/assemblages are being
documented in all surface samples to provide a modern distributional
model. This will allow interpretation of Quaternary core samples from
the planned core drilling and vibracoring and hence aid in
paleoenvironmental reconstructions of Holocene and Pleistocene coastal
sediment units.

MARSH FORAMINIFERA AND SEA LEVEL CHANGE.
Because marsh sediment foraminifera exhibit an elevation-related
zonation, much like marsh plants, they can be used as indicators of
sea-level change. However, no one has yet documented marsh
foraminiferal distributions in wind-tide dominated (rather than
astronomical-tide dominated) marshes such as occur in the sounds behind
the Outer Banks. Thus, in an effort to understand the modern
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distribution of marsh foraminifera, 49 surface samples were obtained in
2002 along three marsh transects (Fig. 12) as follows.
• Transect A on Caffey’s Inlet flood-tide delta, Currituck Sound:

wind-tide dominant with low-brackish salinity (16 samples).
• Transect A at Oregon Inlet Coast Guard Station, Pamlico Sound: wind

and astronomical tides equally dominant with high-brackish salinity
(15 samples).

• Transect A on Lagerhead Hills, Pea Island, Pamlico Sound: wind-tide
dominated with intermediate-brackish salinity (18 samples).

However, some marsh foraminifera are infaunal, living down to 30 cm
below marsh surface. Therefore, it is necessary to document the depth
that marsh foraminifera live in the subsurface in different
environmental settings. Thus, one short (< 1 m) push core was taken
from the ends of each of the three marsh transects (Fig. 12). The six
cores were sampled in the field and are currently being processed by D.
Ghikas, a geology student at Beloit College, WI.

If the intertidal zonal relationships hold for wind-dominated marshes,
marsh foraminifera can be used as sea-level indicators. To test this
hypothesis, 3 short (< 1 m) push cores of peat were obtained in the
back-barrier marshes at 3 additional back-barrier sites between Frisco
and Salvo (Fig. 12). Data from the 3 transects will be used to
interpret the benthic foram assemblages downcore. All of the transect
samples and the latter 3 push cores are currently being processed by
Dr. Ben Horton at the University of Durham, England.

In an effort to further understand the modern marsh dynamics and
document and predict the responses to rising sea level, 7 push cores (<
1 m) were collected from several different marsh environments between
Buxton and New Inlet. Modern sedimentation rates are being evaluated
using radiochemical techniques. These decadal scale rates of deposition
will also be compared to centennial-scale estimates based on C-14 dates
from the base of the peat push cores and associated vibracores
collected in close proximity.

3B2. SEDIMENTOLOGY/GEOCHEMISTRY OF MODERN ESTUARINE
ENVIRONMENTS: Distribution and composition of surface sediments
within the estuarine system for interpreting the modern depositional—
erosional history, as well as the depositional environments of the
Holocene and Pleistocene units using short-lived radioisotopes.

ALBEMARLE SOUND ESTUARINE SYSTEM (SEGMENT 1 IN FIG. 2).
Twenty-nine shallow push cores (13-73 cm) were acquired in 2001 from
Albemarle Sound and adjacent tributary estuaries (Fig. 10) to evaluate
the sedimentology and geochemistry of the organic-rich muds. Core
sediments are dominated by variable mixtures of terrigenous sand, mud,
and organic matter (0.2-58%) from terrestrial, estuarine, and marine
sources. Spatial and temporal variability, as well as origin of organic
matter deposited in the estuarine environment are being determined
using a combination of stable isotopes (δ13C and δ15N) and C:N ratios.
Grain size data are being determined to evaluate variations in sediment
flux and as a potential correlation tool. These sedimentological and
geochemical data, in conjunction with radio-dating techniques (Pb-210,
Cs-137), are being correlated and interpreted to understand the
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Figure 12. Location map of vibracore, push core, and surface sample
sites for both marsh evolution and barrier island stratigraphic
studies.



 22

variations in sediment flux and geochemical processes (including
anthropogenic influences) occurring during the last 200 years.

PRELIMINARY RESULTS
The Albemarle estuarine system (AES) drainage basin is the largest in
NC covering approximately 45,500 km2 within VA and NC including the
Roanoke River, Chowan River, and Albemarle Sound basins. The most
abundant sediment within the AES, forming the benthic habitat for
nearly 70% of the estuarine system, is a chemically active organic-rich
mud (ORM). This sediment type has been shown to be important to the
water quality, contaminant characteristics, and potentially the
ecosystem dynamics. From the information recovered to date, specific
regional trends can be seen in grain size, organic matter, and isotope
data as follows.
• There is a general increase in grain size and decrease in organic

matter from W to E.
• Most cores display several inflections in grain size that are

correlative to inflections in the amount of organic matter that are
likely caused by natural processes (storms) and/or anthropogenic
influences (agriculture).

• Isotope data show a regional trend of δ13C with more terrestrial
carbon sources in the W to a greater marine influence to the E.

• All cores exhibit an upward increase in δ13C values, which likely
corresponds to closure of inlets and decreasing marine influence
since the early 1800’s.

• Nitrogen isotope values decrease from W to E due to the larger
amount of anthropogenic influences in the upstream regions.

• Cores in tributary estuaries show a much greater variability due to
the closer proximity to point sources and anthropogenic influences.

In order to evaluate the depositional environment of the past 200 years
within Albemarle Sound, 28 short cores (< 50 cm) were collected in the
AES in 2001 (Fig. 10). Downcore measurements for radiochemical tracers

(210Pb, 137Cs) and organic matter signatures (δ13C, δ15N, C:N ratio, and
LOI) were conducted to elucidate potential temporal changes in fluxes
and cycles of organic matter in the AES (Fig. 13). The two cores in
Figure 13 were collected in Albemarle Sound (Panel A is the furthest
station west; Panel B is the furthest station east). The profiles show
dramatic differences in environmental processes; however, both
environments are characterized with some sediment erosion. The western
site is dominated by deposition with shelly layers in conjunction with
fining upward sequences and mixed Pb-210 activities that suggest
several different depositional environments and varying degrees of
mixing (Fig. 13A). In contrast, all cores collected further east are
dominated by erosion and mixing, rather than deposition (Fig. 13B). X-
radiographs show major erosional surfaces rather than fining upward
depositional sequences. In addition, there is no evidence of a Cs-137
peak (indicative of the early 1960’s) and the total inventories of both
Pb-210 and Cs-137 are much lower than expected from atmospheric
deposition and other cores collected in environments dominated by
deposition.
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Figure 13. Downcore profiles of radiochemical data collected and
analyzed from Albemarle Sound. Both cores show at least one
distinct erosional surface. Pb-210 inventories at Site 1 (A)
are greater than that expected from atmospheric deposition
alone, indicating sediment focusing in the region. However,
shell layers and dramatic shifts in sediment activity and
deposition indicate potential bioturbation and/or scouring.
(B) Both Pb-210 and Cs-137 inventories are well below that
supported by atmospheric deposition. This information
together with grain size and x-rays indicate an environment
dominated by erosion, resuspension, physical mixing.
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Pb-210 geochronology indicates temporal and spatial variations in
sediment deposition rates (0.05 – 0.50 cm/yr using a simple model).
Alteration in sedimentation rates are potentially associated with dam
construction on the Roanoke River (6 prior to 1955) and

increased estuarine shoreline erosion within Albemarle Sound in
response to rising sea level.

• Sediment deposition varies spatially in the AES and is highest near
its western limit relative to the rest of the estuary.

• Most notably, there is strong evidence indicating significant
erosional surfaces in the shallow Albemarle sediments suggesting
that erosion rather than deposition may have been a dominant process
in several areas of the estuary.

• Down core profiles of stable isotopes indicate a dramatic shift in
the source of organic matter prior to 1880. This is most evident in
cores collected from the eastern region of Albemarle Sound. For
example, cores collected in the western Albemarle (sites 1 and 2 in
Fig. 10) show little variation (2-3 per mil) in 13C down core.
However, profiles of cores collected further east (sites 3 and 4 in
Fig. 10) show a rapid shift (>4 per mil) in 13C toward a more marine
influence in the past, potentially associated with additional inlets
and more exchange with the Atlantic.

• 

15N at all sites show a general trend of a more enriched signature in
recently deposited sediments. This change in nitrogen signature may
be associated with antrhopogenic influences (agriculture,
wastewater, etc.) or changes in the dominant biogeochemical
transformation of organic nitrogen (nitrification/denitrification).
These same vertical variations (Fig. 14) are present throughout most
of the cores collected.

• δ13C and δ15N concentrations from cores collected in the AES range
from –21.7 to –28.3‰ and 0.4 to 4.6‰, respectively, indicating
mixing between terrestrial and marine end members, as well as
potential influences associated with agricultural input.

NORTHERN PAMLICO SOUND ESTUARINE SYSTEM (SEGMENT 2 IN FIG. 2).
The scope of the work for Segment 2 is similar to that described for
Segment 1 above. We are evaluating the overall patterns of sediment
deposition and geochemistry in the northern Pamlico Sound (Fig. 10),
where surprisingly few studies have been done. What role does Pamlico
Sound play in the ultimate fate of river-borne and marine-derived
particles? Is the Sound a sink for particles moving down the river? Are
the particles deposited prior to reaching the sound or potentially by-
pass the sound altogether? To answer these questions, 17 push cores
(~50 cm) were collected along a series of cross-sound and mid-sound
transects (Fig. 10). These cores are currently being analyzed for
short-lived radionuclides (234Th and 7Be) in order to evaluate short-term
sediment deposition and mixing coefficients. As in the AES, we will
also quantify decadal-scale deposition using radiochemical tracers

(210Pb, 137Cs) and evaluate organic matter signatures (δ13C, δ15N, C:N
ratio, and LOI) of the ORM.

Recent work by Riggs (2002) and Murphy and Riggs (2002) have
demonstrated the rapid rate of estuarine shoreline erosion and wetland
loss (maximum marsh erosion rates up to 38 m/yr and mean annual marsh
erosion rates up to 6 m/y). These eroding marsh peat shorelines may be
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Figure 14. Down core profiles of organic matter 13C and 15N from sites 1
through 4 in Albemarle Sound (Alb). Dashed line represents the
approximate depth at which there is no measurable excess 210Pb (>120
years before present). Note the dramatic shift in 13C below this line in
the eastern most cores (S3 and S4).
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an important source of organic matter and nutrients to the estuarine
sediments in which it is delivered. Organic shorelines experiencing
high rates of erosion will be revisited with samples collected for
radiochemical and geochemical analyses (210Pb, 137Cs, 234Th, 7Be, δ13C, δ15N,
C:N ratio, and LOI). By developing chemical signatures of both the
marsh peats and the estuarine ORM sediments, we hope to track the
history of organic peat matter from the initial environment of
deposition and subsequent erosional and depositional history. Other
sources of sediment into Pamlico Sound will also be considered in order
to develop a complete modern sediment budget that may be compared to
variations in the historic and pre-historic past.

3C. BARRIER ISLAND COASTAL SYSTEMS MAPPING

3C1. ESTUARINE SHORELINE EROSION: Rates and processes of
recession of different types of estuarine shorelines in response to
geologic framework, geographic location, and physical dynamics.

Estuarine shorelines in NE NC are generally eroding in response to the
ongoing rise in global sea level. However, local variables determine
the specific rates and amounts of shoreline recession. These variables
include shoreline type, geometry and composition; geographic location,
size and shape of associated estuary and storm fetch; type and
abundance of associated vegetation; and frequency and intensity of
storm patterns. This project has two main objectives:
• Map the estuarine shoreline at 20 field sites in eastern NC and

describe the physical and biological processes occurring along these
shorelines (Fig. 15).

• Document the history of shoreline change at these field sites using
georeferenced aerial photograph sets through time (Table 1).

Riggs (2002) published a monograph presenting the current status of
knowledge concerning the rates of estuarine shoreline erosion in NC
based upon studies conducted in the 1970’s and 1980’s. NC estuarine
shoreline types fall into three broad catecories and include organic-
dominated types (marsh, floodplain swamp forest, and pocosin swamp
forest), sediment dominated types (low to high banks and bluffs), and
human-modified. These studies determined that the mean annual estuarine
shoreline erosion was occurring at rates between 1.9 to 3.1 ft/yr.

The present study reoccupied a series of 9 base stations established
along the Pamlico River estuary (Fig. 15) in 1977 by Hardaway (1980) to
determine long-term changes on different shoreline types. These sites
were re-surveyed and eleven additional sites were established in the
Pamlico-Albemarle Sound region (Fig. 15). These latter sites were added
to consider the response of rising sea level and high wave energy on
shorelines with very low relief and slope.

Using high precision GPS, the shorelines at each site were mapped,
vegetation patterns and sediment characteristics described, and types
of erosion distinguished. These shoreline maps were superimposed upon
1998 USGS digital orthophotographic quarter quadrangles (DOQQs).
A series of older aerial photographs were scanned into digital format
from collections at the NC Division of Coastal Management, NC
Department of Transportation, US Soil Conservation Service, and US Army
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Figure 15. Location map of 20 estuarine shoreline erosion study sites.
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Corps of Engineers. These photos were flown in different years ranging
from 1938 to 2001. The scanned aerials were georeferenced using a
MapInfo 6.5 software program with a UTM coordinate system. The 1998
DOQQs and four control points--corners of roads, buildings, and piers,
etc., were used as the control base map. Once the old aerial photos
were georeferenced, the shoreline was digitized for each year. A map of
different shoreline locations between 1938 to 2001 was produced for
each field site, depending upon availability and quality of aerial
photography at each site. Figure 16 is an example of the estuarine
shoreline recession between 1964 and 2001 for the site at Buxton Inlet
on Hatteras Island. The average annual erosion rate has been 11 ft/yr
since 1964.

Results from the 20 new sites are summarized in Table 1. These data
document actual erosion rates that are significantly greater along
certain shoreline types than previous studies obtained (Riggs, 2002).
This increased rate is a direct result of improved technology that
allows computer analytical techniques to be used. In addition, the
availability of sophisticated software programs has improved
georeferencing techniques for correcting old aerial photography. These
new data occur in a recently completed M.S. thesis (Murphy, 2002) and
are presently in review as a jounal article (Murphy and Riggs) and in a
major book on estuarine shoreline erosion (Riggs and Murphy).

TABLE 1. Mean annual erosion rates for different estuarine shoreline
types in northeastern NC (Murphy, 2002).

SHORELINE TYPE MEAN MAXIMUM MEAN MINIMUM MEAN RATE
(% OF SHORELINES)* RATE FT/YR RATE FT/YR FT/YR

Sediment Bank (38%)
Bluff (1%) 6.0 3.9 5.0
High Bank (7%) 2.9 2.7 2.8
Low Bank (30%) 12.0 1.0 5.0

Organic Shorline (62%)
Marsh (55%) 17.0 2.7 7.4
Swamp Forest (7%) 4.0 1.7 3.0

Human Modified (?) 2.7 0.9 HV

* From Riggs et al. (1978) in Riggs (2002); HV = Highly Variable

Land lost for 20 field sites between oldest-newest aerial photos used
in study = 82 acres.

Land lost for 1593 miles of estuarine shoreline mapped in northeastern
NC by Riggs et al. (1978) in Murphy (2002) = 1166 acres/year.

Work continues on documenting estuarine shoreline erosion along the
back-side of the barrier islands with two additional project
objectives.
• Monitor different types of shorelines during major storm events,

describe the processes of erosion/deposition, and evaluate the
response of shoreline change as a product of the various operating
processes.

• Map and evaluate the regional estuarine shoreline change for each of
the barrier island Systems Study Sites.
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Figure 16. Buxton inlet site showing the average annual estuarine
shoreline erosion rate of 11 ft/yr for the period from 1964-2001. The
data are plotted on the 1998 DOQQ.
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3C2. BARRIER ISLAND SYSTEMS STUDY SITES ON THE NORTHERN
OUTER BANKS: Short-term evolution of “human modified” barrier island
systems based upon field mapping of modern geomorphic features,
associated ecosystems, process-response dynamics, and aerial photo
analysis of evolutionary change through time.

The study of the short-term evolution of a “human modified” barrier
island system is based upon 14 sites on the barrier islands between
Duck and Ocracoke, NC and one site on the N end of Roanoke Island (Fig.
17). The initial study sites were selected to represent all of the
basic variables within the geologic framework, physical processes, and
biological ecosystems that characterize these barriers. Aerial photo
sets between 1932 and 1940, which predate most major human development
and modification efforts, were acquired and computer processed. For
each study site a time series collection of aerial photographs was
developed that extends between 1932 or 1940 to November 1999, which
post-dates the 1999 hurricanes. The 1996 and 1998 aerial photograph
sets are georeferenced digital orthophoto quarter quads (DOQQ) that are
used as the primary base map. Figure 18 is an example of a five-part
time-slice series on Pea Island for the barrier island processes and
responses. This photo series includes from left to right (N to S) the
former New Inlet, Lagerhead Hills, S-curves highway 12 hotspot, and the
northern portion of Rodanthe.

The present geomorphic and ecologic systems within each study site are
being mapped in the field utilizing a series of GPS--leveled
topographic profiles in concert with the 1998 aerial photos. The
geomorphic and ecologic units are then mapped on the 1998 DOQQ’s for
each study site utilizing standard Mapinfo and ArcView digitizing and
mapping programs. Along with the resulting maps are a series of more
detailed maps, sketches, and photographs demonstrating specific
zonations, geomorphic-ecologic associations, and process-response
features displayed within the study area. Figure 19 shows the detailed
geomorphic and ecologic changes that have occurred to the Lagerhead
Hills area with construction of the barrier dune ridge and highway 12
and their subsequent maintenance.

Based upon knowledge of the modern system, mapping will proceed
systematically on the georeferenced aerial photo sequences backwards
through time. Since the error associated with interpretation of the
older photos increases, the number of mapped units will decrease
backwards through the older photograph sets. The mapped changes through
time will help differentiate natural barrier island processes from the
impacts resulting from ever-increasing rates and amounts of human
modification and intervention. Figure 20 of the Buxton Inlet area
displays major changes on both the ocean and estuarine sides of the
island between 1962 and 1999, as well as four different locations of
highway 12 as it was consumed by the ocean and repeatedly moved further
soundward. Today, portions of highway 12 have no place to go on the
island that is narrowing from soundside (Fig. 16) as well as the ocean.

The ultimate effects of human activities upon barrier island dynamics
and the resulting ecosystems of the severely modified Cape Hatteras
National Seashore area will be compared with the results of the “more
natural” Core Banks of Cape Lookout National Seashore. The end product
will be a set of maps displaying the detailed processes and responses
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Figure 17. Map with locations of 15 short-term, barrier island
evolution study sites for the northern Outer Banks.
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Figure 18. Time-slice aerial photo series for Lagerhead Hills area of
Pea Island from 1932 to 1999.
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Figure 19. Closeup time-slice aerial photo series of the geomorphic and
ecologic system changes within Lagerhead Hills area of Pea Island from
1932 to 1999.
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Figure 20. Time-slice aerial photo series of the Buxton Inlet site for
1962 and 1999 with the 1940 shorelines indicated.
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both natural and human) that have led to the development of the modern
barrier islands and their associated geomorphic and ecologic systems.
These scientific data will provide a framework for developing long-term
management statigies for the barrier islands.

Four specific sites within the northern Outer Banks are being studied
in still greater detail including the shallow stratigraphy and late
Holocene evolutionary history. These three sites are New Inlet--
Lagerhead Hills and Buxton Inlet--Hatteras overwash sites (Fig. 17). At
New Inlet--Lagerhead Hills, 29 vibracores and auger holes, along with 7
push cores were obtained along 7 island-perpendicular transects (Fig.
12). The cores were logged, subsampled for sediment and foraminifera
analysis (111 samples) and age dated utilizing carbon-14 (2 samples).
Preliminary paleoenvironment interpretations based upon these data
suggest that this portion of the Outer Banks has been dominated by
inlet activity for the past 1000 years. Open marine foraminifera in a
back-barrier setting suggest that this region may have been a shallow
shoal area affected by major washover events for some time prior to
1000 years ago (Fig. 21).

These four sites are particularly important since they include four of
the NC DOT “hot spots” where coastal highway 12 is in serious jeoprady
for its long-term survival. In addition, the newly proposed Oregon
Inlet bridge includes several proposed sites for coming ashore
including the New Inlet, Lagerhead Hills, or Rodanthe (Fig. 17). Thus,
it is important to understand the subsurface and evolutionary history
of this dynamic area.

To get a better understanding of the subsurface stratigraphy and
evolutionary history of these areas, we obtained ~350 km of ground-
penetrating radar data through each of the sites. In addition, ~20 km
of high-resolution chirp seismic data were obtained in the shallow
waters of Pamlico Sound behind the Buxton Inlet and Hatteras sites.
Detailed geomorphic and ecologic mapping was initiated within each of
the sites and the detailed time-slice analyses have begun (Figs. 17,
18, and 19).

3C3. BARRIER ISLAND SYSTEMS STUDY SITES ON CORE BANKS: Short-
term evolution of a “natural” barrier island system based upon field
mapping of modern geomorphic features, associated ecosystems, and
process-response dynamics and aerial photographic analysis of
evolutionary change through time.

North and South Core Banks are located within Cape Lookout National
Seashore that represent a natural barrier island system with minimal
human modification over the years--today it is managed as a “natural
system”. As such it represents a critical comparative study site for
the highly modified barrier systems of the northern Outer Banks.
However, there have been significant changes within the Core Banks
system during the past three to four decades. Core Banks was largely
barren of vegetation, and consisted dominantly of featureless overwash
plains from 1940 through the mid-1970’s. Today it has a more consistent
foredune and is vegetated throughout. Has climate, sea level, or human
use led to these landscape modifications? What will the future
evolution be if global sea-level continues to rise? What are the likely
consequences and management issues resulting from future change? This
research project has four primary objectives.
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Figure 21. Vibracore transect B across Pea Island showing preliminary
paleoenvironmental interpretations based on sedimentological and
foraminiferal data. Abbreviated names in bold italics are of the
dominant foraminifera.
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• Locate and resurvey the 77 reference monuments (Fig. 22) established
every 3,000 feet along Core Banks by the US Army Corps of Engineers
in 1960-1962 and resurveyed by Godfrey and Godfrey in 1976.

• Develop the recent geologic and ecologic evolution of Core Banks
over the past 100 years.

• Determine the role of humans vs natural processes in developing the
present Core Banks coastal system.

• Formulate concepts to aid future barrier island resource management.
The National Park Service (NPS) at Cape Lookout National Seashore has
identified this research as a top priority project and our findings are
intended to be shared with the NPS as a management tool. This research
will also evaluate the coastal processes, vegetative succession,
climatic feedback response, and resource management of Core Banks since
the 1976 NPS study by Godfrey & Godfrey.

Seventy of the 77 reference monuments have been located and resurveyed
along the North and South Core Banks (Fig. 22). The survey utilized a
Trimble Differential Global Positioning System (DGPS). The resurveyed
reference monuments have been entered into an Excel database. The
present shoreline has been located relative to the shorelines of the
former surveys utilizing the 1998 Digital Orthophoto quarter quad
(DOQQ) base maps and the amounts of shoreline accretion and erosion
have been calculated from this base. Figure 23 demonstrates a
significant recession of ocean shoreline between 1962 and 2001 with a
mean erosion rate of 8 ft/yr for North Core Banks. South Core appears
to be slightly more stable with a mean erosion rate of 4 ft/yr.

Aerial photograph sets have been obtained beginning in 1940 and
continuing on an irregular basis through 1998. Only the 1996 and 1998
photo sets are georeferenced. Older sets have been scanned and
georeferenced utilizing the low-energy, back-barrier shoreline geometry
and working systematically backwards through time (Fig. 24). Figure 24
displays three time series of the Portsmouth area at the north end of
North Core Banks and includes 1974, 1983, and 1998 georeferenced aeiral
photographs. The 1974 photo demonstrates that the overwash process was
domoinant throughout with only localized broken and dunes in front of a
vast and regularly flooded tidal flat and an extensive back-barrier
berm broken by many back-barrier inlet and delta systems. The 1983 and
1998 photos demonstrate that the island interior became increasingly
filled with overwash and flood-tide delta sands causing the tidal flats
to evolve into a vast algal flat system flooded irregularly by storm
tides. The dune ridge in the southern region became higher and more
continuous through time causing increased conversion of algal flat into
interior marsh, which in turn changed the tidal inlets into shallow
tidal channels with the flood-tide delta converting into marsh.
Northward expansion of interior marsh caused termination of
accretionary beach ridge formation on the back-barrier berms. Table 2
summarizes new marsh development on Core Banks since 1974.

TABLE 2. Development of new marsh on Core Banks between 1974 and 1998.
ENVIRONMENT S CORE BANKS N CORE BANKS
INLETS AND SPITS 466 acres
OVERWASH FLATS 20 acres 228 acres
INTERIOR ALGAL FLATS 464 acres
TOTAL NEW MARSH 20 ACRES 1,138 ACRES
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Figure 22. Location map of Core Banks showing the location of 57
remaining surveyed reference monuments.
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Figure 23. Ocean shoreline change between 1962 and 2001 on North Core
Banks based upon the location and resurvey of 25 of the US ACE
shoreline monuments indicated in Figure 22.
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Figure 24. Time slice aerial photos of Portsmouth showing the formation
of the barrier dune ridge and back barrier accretionary beach ridges in
concert with the evolution of the algal flat and new marsh formation.
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3D. QUATERNARY GEOLOGIC FRAMEWORK STUDIES

3D1. BENTHIC FORAMINIFERAL ANALYSIS: Benthic forams are being utilized
to define depositional environments associated with specific stratigraphic
units occurring within eight drill holes obtained in the region between Kitty
Hawk and Nags Head (Fig. 25) during March 2002.

Foraminiferal composition of stratigraphic units are indicators of
paleoenvironments. Thus, 167 samples taken from specific stratigraphic
units have been analyzed for their foraminiferal composition.
Preliminary indications are that the entire section penetrated by the 8
cores is Quaternary in age (Fig. 26) and that this region was an open
embayment, rather than a back-barrier sound during the Pleistocene sea-
level high stands represented in the cores, as well as during the early
Holocene. At the time the modern barrier island system formed, the
foraminiferal assemblages changed significantly.

 
3D2. BOOMER SEISMIC AND GPR SURVEYS: Remotely sensed data obtained in
the drill hole vicinity are being correlated with and ground-truthed to the
drill core strata.

Seismic data from 2001 (Fig. 3) are compared to lithostratigraphic and
chronostratigraphic data derived from the 8 project drill cores on the Outer
Banks (Fig. 25), and the Mobil #1 well in E Albemarle Sound (Fig. 4).
Radiocarbon (Thieler, pers. comm.) and amino acid racemization (AAR)
(Wehmiller, pers. comm.) dates indicate that the Paleo-Roanoke valley-fill is
late Pleistocene to Holocene in age. At least 6 distinct valley-fill (VF)
units are identified in the seismic data based upon the reflector geometry
(Fig. 5). VF1 is a high amplitude, horizontally bedded unit, interpreted as
the basal fluvial channel lag. VF2 through VF6 prograde within the valley,
and are separated by distinct truncation or downlap surfaces.

3D3. PLEISTOCENE STRATIGRAPHIC CROSS SECTION: Update the
regional Pleistocene litho- and seismic-stratigraphic framework
utilizing a preliminary stratigraphic cross section by Riggs et al.
(1992) and a series of new drill holes and seismic sections.

In 1992, Riggs, York, Wehmiller, and Snyder published a preliminary
interpretation of a portion of the Pleistocene section that extended
from the Stetson Pit on highway 64, mainland Dare Co, E to Whalebone
Junction on the Outer Banks. This section was based upon ten 15 to 25 m
deep drill cores, 6 shallow shoreface vibracores, and York and
Wehmiller’s AAR age dating in Stetson Pit and some of the 10 core holes
(Fig. 27). We have acquired split-spoon samples from NC DOT for
approximately 50 bridge foundation holes (up to 40 m depth below the
sediment surface) for the new Croatan Sound and Alligator River bridges
(Fig. 27). In addition, we have extensive high-resolution seismic
profile data along both of these bridges, as well as the Roanoke Sound
bridge. In March 2002, the NC Coastal Geology Cooperative Program
drilled core hole OBX-8 at Whalebone Junction (Fig. 25), which is being
extensively studied utilizing numerous interdisciplinary approaches,
including AAR and radiocarbon age dating techniques.
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Figure 25. Map of the Kitty Hawk to Nags Head area showing the location
of 8 drill holes obtained in March 2002 along with some of the major
paleo-coastal features.
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Figure 26. Preliminary paleoenvironmental interpretations of
foraminiferal assemblages in drill hole OBX-8 (see Fig. 25 for
location).
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Figure 27. Location map of the Pleistocene shore-perpendicular
stratigraphic cross section A-A’ and associated drill holes including
the deep foundation holes for the new Croatan Sound and Alligator River
bridges.



 45

This portion of the study is revisiting and extending the existing
Pleistocene shore-perpendicular stratigraphic cross section by
undertaking the following analyses.
• Describing the 50 new drill holes and expanding the existing

lithostratigraphic framework.
• Evaluating sedimentological and foraminiferal data within the

various lithostratigraphic units.
• Interpreting the new high-resolution seismic profiles and

correlating them with the lithostratigraphic framework.
• Integrating the litho- and seismic-stratigraphic frameworks with the

new data being developed on the USGS/ECU/NCGS OBX-8 drill hole.

3D4. RE-EVALUATION OF PRE-EXISTING SEISMIC, LITHIC, AND CARBON 14 DATA:

Large amounts of litho-, chrono-, and seismic-stratigraphic data exist from
previous studies by various project researchers within the NE NC coastal
system. These data are being upgraded and brought into the regional project
data base that is being developed at the NC Geological Survey. This pre-
existing data base is being reanalyzed to help in the formulation of the
long-term evolutionary history of sea level and climate change for NE NC.
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4. ECU SUMMARY:

A summary of the ECU field and analytical data obtained during the
USGS/ECU/NCGS North Carolina Coastal Geology Cooperative Program during the
FY 2001 and FY 2002 periods is presented in Table 3. The published products,
as well as the graduate student theses and dissertations are summarized in
Table 4 with complete bibliographic information presented in Section 5 as ECU
PRODUCTS TO DATE.

TABLE 3. SUMMARY OF ECU FIELD AND ANALYTICAL DATA
USGS/ECU/NCGS COOPERATIVE COASTAL GEOLOGY PROGRAM

FY 2001 AND FY 2002

SEGMENT 1 SEGMENT 2 TOTALS
FY 2001 FY 2002

REMOTELY SENSED DATA
Uniboom Seismic 750 km 800 km 1550 km
Chirp Sonar 750 km 820 km 1570 km
Ground-Penetrating Radar 250 km 350 km 600 km

SUBSURFACE SAMPLING
Vibracores 29 holes 29 holes
Drill Holes (NCGS) 8 holes 8 holes
Peat Push Cores 2 cores 10 cores 12 cores
ORM Push Cores 28 cores 19 cores 47 cores
Marsh Foram Push Cores 6 cores 6 cores

SURFACE SAMPLING
Sediment Grab Samples 50 sites 50 sites 100 sites
Micro-Organism Analysis 50 sites 50 sites 100 sites
Short-Radioisotope Age 28 sites 17 sites 45 sites
Marsh Foram Transects 3 trans 3 trans
Marsh Foram Surface Samples 49 spls 49 spls

SYSTEMS EVOLUTION
Estuarine Shoreline Erosion 20 sites 2 sites 22 sites
N OBX Sites-Field Mapped 2 sites 7 sites 9 sites
N OBX Geomorph-Ecosyst Profs 12 profs 12 profs
N OBX Aerial Photo Time Slices 2 sites 7 sites 9 sites
S OBX Sites-Field Mapped 2 sites 5 sites 7 sites
S OBX Geomorph-Ecosyst Profs 15 profs 15 profs
S OBX Aerial Photo Time Slices 5 sites 5 sites

SAMPLES ANALYZED
Drill Cores Logged—Pleistocene 15 cores 15 cores
Foraminifera Samples 199 spls 184 spls 383 spls
Sediment Composition (LOI,

grain size, etc.) 255 spls 140 spls 395 spls
Stable Isotope Analyses 75 spls 75 spls
Radio Isotope Analyses 240 spls 70 spls 310 spls
Core Bioturbation X-rays 20 sites 17 sites 37 sites
Radiocarbon Age Dates 8 dates 5 dates 13 dates
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TABLE 4. SUMMARY OF ECU PRODUCTS TO DATE: FY 2001 AND FY 2002.

MANUSCRIPTS
Published 2
In Press 2
In Review 2
Ready for Submission 3
TOTAL 9

PUBLISHED ABSTRACTS
2001 3
2002 23
2003 1
TOTAL 27

PHD DISSERTATIONS
In Progress 2

MS THESES
Completed 1
In Progress 8

BS HONORS THESIS
In Progress 1
TOTAL 12

The field programs outlined above were extremely successful and
provided high quality remotely sensed data and samples for the next
stage of data analysis. The results of the ongoing data analysis will
provide the framework necessary to begin formulating detailed climate
data and sea-level curves for both the Holocene and the Pleistocene
sections of the northeastern coastal zone of northeastern NC. Other
aspects of the cooperative studies include an increasing our
understanding of modern process within the estuarine and barrier island
systems, defining the rates and processes of estuarine shoreline
erosion, determining the role that geologic framework and
paleotopography play in coastal evolution, and evaluating the impact of
human modification upon coastal dynamics and evolution. Project results
will enhance management efforts in light of the explosive population
growth and ongoing rise in sea level, as well as data to help coastal
management deal with consequences of increasing economic development
problems such as storm hazards and shoreline erosion.
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5. PRODUCTS TO DATE
JANUARY 1, 2001—OCTOBER 31, 2002

A. MANUSCRIPTS

A1. PUBLISHED
Lipps, J.H., and Culver, S.J., 2002, Trophic relationships of
microorganisms in ancient ecosystems, in The Fossil Record of
Predation: The Paleontological Society Paper 8, p. 69-92.

Riggs, S.R., 2002, Shoreline Erosion in North Carolina Estuaries: NC
Sea Grant College Program, Raleigh, NC, Pub. No. UNC-SG-01-11, 69 p.

A2. IN PRESS
Giffin, D., and Corbett, D.R., Evaluation of sediment dynamics in
coastalsystems via short-lived radioisotopes: Journal of Marine
Systems.

Riggs, S.R., and Murphy, M.A., in press, Estuarine Shoreline Erosion in
North Carolina: Cause and Effect: NC Sea Grant College Program.

A3. IN REVIEW
Corbett, D.R., Riggs, S.R., and Giffin, D., Sediment resuspension in
the Pamlico and Neuse River Estuaries: an additional source of
nutrients and contaminants: NC Water Resources Research Institute, 49
p. and 3 appendices.

Riggs, S.R., The framework of North Carolina’s coastal system, in E.
Bird, ed., The World’s Coasts: Van Nostrand Reinhold Co.

A4. READY FOR SUBMISSION
Mallinson, D.A., Riggs, S.R., Culver, S.J., Thieler, E.R., Foster, D.,
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