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ON THE FRONT COVER. Pre-Hurricane
Isabel photograph of the lower portion of
sediment bluff that occurs along the Chowan
River estuary westem shoreline. The red star, on
the satellite image inside the back cover,
inclicates the specific site location. This bluff is
approximately 75 feet high and consists of a
lower clay bed that is about 30 feet thick (to the
top of this photograph), with an overtying sand
bed that is 45 to 50 feet thick. Because bluff
shorelines normally erode at average rates
between -2.0 and -2.5 ft/yr (Table 8-1-3) and
because the lower sediment bank is composed
of clay, there is no sand beach preserved on
the eroded wave-cut scarp and platform

(Fig. 4-2-1). Notice the red dotted line along the
wave-cut scarp and compare this to the
respective location on the post-Hurricane Isabel
photograph on the back cover. Photograph was
taken in August 2003. See the back cover for
the post-Hurricane Isabel photograph of the
same site and inside back cover for a satellite
image showing the site location and post-
Hurricane Isabel, sediment-lacen, estuarine
water conditions.
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Shoreline recession exposes the cypress root
structures of the cypress headland swampforest
shoreline along the south shore of the Neuse
River estuary. Photograph is from Flanner Beach
Recreational Area in Croatan National Forest.
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The seam where continent meets ocean

is a line of constant change,

where with every roll of the waves,

every pulse of the tides, the past

manifestly gives way to the future.

There is a sense of time and of growth

and decay, life mingling with death.

It is an unsheltered place, without pretense.

The hint of forces beyond control,

of days before and after the human span,

spell out a message ultimately important,

ultimately learned.

— David Leveson (1973)

1.1. THE COASTAL DILEMMA

The higtory of development in coastd
North Carolinais unlike other human endeavors
dueto the high-energy and dynamic character of
the coastd system. The evolutionary formation
of the North Carolina coastal system hastaken
place during the past 10,000 years and continues
today asawork in progress. Moreimportantly,
changeisthe only congtant within the coastd
system, and this change happens a rates that
defy conventional human perception and
development patterns on more stable and inland
terrans

In 1975, Belliset d. used the demise of
Batts|dand in the Albemarle Sound to
demongtrate ongoing estuarine shoreline erosion
in direct regponse to theintimately coupled
processes of wave action and rising sealevel.
Thisidand, which occurred about 0.75 miles
offshore of Drummond Point &t the entrance to
Yeopim River, firgt gppeared on the 1657
Comberford map (Cumming, 1938) as Hariots
Idand. Theidand subsequently becamethe
home of Captain Nathaniel Baits, the first
Virginian to settlein the Albemarle region and
the Governor of “Roan-oek”” Theidandis
referred to as Batts Grave on the 1733 Mosdley
map (Cumming, 1966) (Fig. 1-1-1A). In 1749
theidand consisted of 40 acres occupied by
houses and orchards (Powell, 1968). Belliset d.
(1975) etimated that the idand was about 10
acresingzeonan 1849 U.S. Coast and
Geodetic Survey bathymetric survey mep. By
the early 1970s, alone cypress skeleton marked
thetota demise of theidand asindicated on the
1976 nautical chart (Fig. 1-1-1B, 1C). By the
ealy 1990s, only ared buoy marker reflected the
presence of shdlow shods (Fig. 1-1-1D).

Native Americans inhabited North
Cardlinaprior to 10,000 years ago. However,
today little record of their occupancy of the
coadtd zone exigts. Even therecord of thefirgt
European settlement on the north end of
Roanoke [dand in 1584-85 has been obliterated
by the dynamic processes of shoreline recession.
The processes of change continuesto takeitstall
today as every nor' easter and hurricane place
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their mark upon the shifting sands of time. If the
rapid rates of coadtd evolution presently taking
place within our coagtdl system continue, no
great remnants from our present coastd
civilization will surviveinto antiquity. Thisisour
coadtd heritage.

Geologigts are generaly perceived as
dedling only with millions of years of geologic
time. Yes, when considering Earth history,
geologigs do think in terms of miillions, and
even billions of years. However, when
congdering modern earth processes such as
eathquakes, volcanic eruptions and riverine
floods, the time scales shift to hours, days, years,
decades and centuries. Likewise, in conddering
high-energy coadtd systems geologictimeis
synonymous with time as experienced during a
trip to the beach, aunique winter, an individud
life span or even afew generations. Thus,
modern coadtd processesresult in geologic
eventsthat rangein human time frames—
fromindividua sorm eventsto theriseand fall
of spedific civilizations. At this scele, geologic
timeishumantime.

1.2. THE ESTUARINE SHORELINE

Wherever cam, flat esuarine water
intersectstheirreguler land surface, thereisa
shordine. However, rardly isthe eduarine water
surface horizontdl. Rether it fluctuates dightly in
response to both astronomica and wind tides
and severdly during storm tides. These changes
inwater level cause the shordineto move up
and down and produce a shore zone that extends
over some areadetermined by the geometry of
the adjacent land surface. If theland is
dominated by low dopes, such asoccur inthe
outer portions of coastal North Caraling, the
shore zone tendsto be very broad, forming vest
aress of marsh and swamp forest. Wherever the
land has steeper dopes, such as dominate the
inner portions of the North Carolina coesd
zone, the shore zoneis narrow and characterized
by sediment and rock banks.

In addition, the shore zoneisan
environment of highly variable physicd energy
conditions— ranging from dead calm water to
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FIGURE 1-1-1.

Map and photo series
showing the demise of
Batts Island at the mouth
of the Yeopim River in the
Albemarle Sound.

Panel A. The Moseley
map of 1733 (Cumming,
1966) refers to the island
as Batts Grave.

Panel B. Photograph in
the early 1970s showing a
lone cypress skeleton
marking the final demise
of the island.

Panel C. Portion of the
National Oceanographic
and Atmospheric
Administration (NOAA)
Nautical Chart 12205,
Page E, 1976, showing
the former location of
Batts Grave. The area
shaded in blue represents
less than 6-foot water
depth. The area outlined
in red is the former
location of Batts Grave,
which is the seaward
extension of Drummond
Point as indicated by the
dashed red lines. As sea
level rises, water floods
onto the land, and wave
energy causes the
shoreline to

recede by erosion.
Panel D. Photograph in
the early 1990s showing
the red buoy that marks
the shallow shoal
remnants of Batts Grave.
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FIGURE 1-1-2. A beautiful and serene coastal system on a clear and calm summer day
produces the general public perception of estuarine shorelines. However, a closer look along
most shorelines suggest other forces and processes at work over annual- to decadal-time scales
and during short-term, high-energy storms when few people experience the shoreline. Notice that
the shoreline in the foreground has receded, leaving a large oak tree to slowly drown offshore,
and wave erosion at the shoreline has exposed the roots of two trees. These clues attest to the
systematic rise in sea level that slowly moves upward and landward, eroding a shoreline as the
former land surface is drowned. This photograph of a low sediment bank shoreline occurs along

the back-barrier portion of Nags Head Woods.

the extreme wave and gorm-tide conditions
associated with mgjor storm events. Asaresult,
the shore zoneislike agreat energy transfer
gation, where physica energy of waves, tides
and currentsin the weter istransferred to the
land through work processesthat accomplish the
eroson, trangport and deposition of sediments.
Theamount of work accomplished withinan
eduarine shore zone depends upon the
topography and composition (i.e, shordine
type), aswell asthe source, amount and duration
of energy expended. Each new input of energy
(i.e, storm event) causes shordlinesto change
and evolve through time. Thisisthe function of
ashoreline— to absorb the physica energy
occurring at the contact between seaand land.
Thus, storm eventsthat input mgjor anounts

of energy can result in significant shordline
modification. Wheress, little happens on cdm
summer days.

Sand beaches areimportant not only as
habitats for gpecific types of organisms, but they
dso are extremdly efficient, energy-absorbing
sponges of wave energy. A sand beach will form
onagiven shordineif three generd conditions
aremet. There mugt be adequate wave energy, a
low, doping ramp for the beach to perch upon a
the shoreline, and an adequate supply of sand
available for wavesto build abeach. Mogt sand
for mainland estuarine shoreline becheswithin
North Cardlinais derived directly from the
erosion of the adjacent sediment bank. If no sand
exigsin the sediment bank, thereisno sand
beach. Or, if the eroding sediment bank is

CONTINUED:

hardened, the sand beech often disappears—
unlessthere are cooperative neighbors that won't
modify their eroding banks.

Wherever water level and associated
wavesintersect theland, waveswill erodea
shordinethat conggs of awave-cut diff and a
wave-cuit terrace eroded directly into the
sadiment or rock that comprisesthe shoreline. If
the materid is unconsolidated send and wave
energy ishigh, the recesson rateswill be severe.
Wheress, if the shordline materid ishard rock,
the eroson rateswill be dow or negligible

Asenergy input, character of land, or sea
level changesthrough time, the shordine
responds with dramétic evolutionary changes.
Herein liesthe dilemma. Rates of change dong
the North Carolina estuarine shorelines occur in
timeframes of daysand years, in severe contragt
to the expectations of permanence and economic
values placed upon waterfront properties.
Raeigh-style approaches to development are not
possblein ahigh-energy coastd system. For
long-term success for both society and the
eduarine ecosystem, use and devel opment of
coadtd resources must recognize and be donein
harmony with the energy and processes of the
naturd sysem.

1.3. CONCLUSIONS

Thus, shordine erosion isan ongoing
naturd processwithin the North Carolina
eduarine system, resulting from the short- and
long-term coadtd evolution. While various
methods are available to combet eroson and
land loss, none are permanent solutions, and dl
have sgnificant environmentd trade-offs.
Recognizing and understanding the complex
causes and dynamic processesinvolved in
shordineeroson isthefirgt sep towards
minimizing theimpect of eroson and managing
our shordline resources and economic
investments. Ultimately, to both preserve our
coadtd edtuarine resources and maximize human
utilizetion, long-term management solutions of
eduarine shordine eroson problems mugt bein
hermony with the dynamics of the total coagtdl
ysem.
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(Geologic Framework of the North Carolina
Coastal System

As this low sediment bank shoreline at Jockey's
Ricge State Park slowly erodes, pine trees drown
and ultimately break off during storms. The
receding shoreline leaves their stumps on deep
tap roots as lone sentinels to mark the former
location of upland. The sandy beach is derived
from the eroding shoreline. In the background is a
remnant of a fringing marsh headlland that is
eroding more slowly than the adjacent low
sediment bank.
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CHAPTER TWO:

Geologic Framework of the North Carolina
Coastal System

2.1. PHYSICAL SETTING OF THE
COASTAL SYSTEM

Figure 2-1-1 isaphysographic map of
North Carolinawith an overlay of the drainage
basins A vast and complex network of creeks,
sreams and rivers moves the surface water
systemdicaly off the uplands of the Appaachian,
Piedmont and Coagtd Plain provinces towards
the Atlantic Ocean. These never-ending ribbons
of fresh water flow through their self-eroded
valeys downhill to sealevel, where they
intermingle with the sdlty waters of the Atlantic

Ocean. At sealeve, abroad, low-doping trandtion

zoneformsthe vast euarine system connecting
theriversto the ocean (Fig. 2-1-2). The edtuaries,
which are more extengvein the northern region,
are gregt mixing basins of fresh and sdt waters
within the coagtd system (Figs. 2-1-3, 2-1-4).

Fronting the estuarine zoneisanarrow
grip of barrier idandsthat act asadam
between the euaries and ocean (Figs. 2-1-3, 2-
1-4). Thisextensve srip of sand idandswas
produced by the interaction between high-
energy ocean gorms and the low-doping
Coagtd Plain. The sand damishbroken by a
sariesof smal openings commonly caled
“inlets’ that are essentid for Ultimately
discharging riverine fresh weter into the sea.
Barrieridands are likeicebergswith only a
gmdll portion rising above the sea surface, and
the greatest portion hidden below sealeve. The
barrier idands are perched at the top of the
shoreface, which dopes steeply to between 8to
20 metershdow sealeve, where it flattens out
onto theinner continental shelf. The shoreface
ramp isthe portion of abarrier idand thet
functions as an important energy-absorbing

surface for wave, tidal and current energy within
the ocean margin.

2.2. NORTH CAROLINA COASTAL
PROVINCES

The generdized geologic map of the North
Carolina Coagtd Plain (Fig. 2-2-1) suggests
mgjor differences between the northern and
southern coadtd regionsthat reflect their
geologica heritage — the underlying geologic
framework. A line drawn from Raeigh through
Kington and Cape Lookout separates the coadtdl
sysem into the Northern and Southern Coastdl
provinces. Each province has aunique geologic
framework thet resultsin digtinctive types of
barrier idands, inlets and estuaries.

The unique spetiad geometry of the North
Cardlinabarrier idands further characterizesthe

Vailaings

A=

MNorth Carolina River Basins
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FIGURE 2-1-1. Location map of the three physiographic provinces (in black) and drainage basins (in red and white) that interact to produce the vast
North Carolina coastal system. The estuarine zone occurs between the freshwater riverine drainage system and saltwater oceanic system.
Separating the estuarine and oceanic zones is the barrier island sand dam with a few small inlets/outlets through the dam, allowing the ultimate

escape of fresh water into the Atlantic Ocean.
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coadtd system. The coast congsts of four 10 miles (Diamond Shod s off Cape Hatteras), generdly faces southeast and only receives

geomorphic compartments (Fig. 2-2-1), each 15 miles (Lookout Shods off Cape Lookot), glancing blows from powerful nor’ eedters. Inthe
with its own characterigtic physic and chemicad  and 30 miles (Frying Pan Shodsoff Cape Fear).  Southern Province, the Ondow Bay compartment

dynamics and resulting biologicd and geologicd  These vagt, shalow-water shod sysems gave faces south to southeast, and the Long Bay

componentsthat comprise the coagtd system. many marinerstheir demise and the North compartment faces totaly south, both of which are
These compartments are known as“ cuspate Carolinacoagt the dubious honor of being cdled  dominated by broad, shalow and rock-floored

embayments’ because of their cusp-like shape the “graveyard of the Atlantic.” continental shelves. This setting resultsin offshore
and are defined by the capes and associated cape Inthe Northern Province, the Hatteras winds and waves from nor’ eesters, but the idands

shods (Fig. 2-2-1). Each cape shod conggtsof  compartment faces northeest to east and regps receive ahigh proportion of direct hitsfrom less

an extensive shore perpendicular to ashalow the head-onimpact of frequent nor'east gorms. frequent, but higher energy tropical sormsand

sand shod system thet extends seaward for In contragt, the Releigh Bay compartment hurricanes Continued on page 20
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FIGURE 2-1-3.

A 1999 satellite image of
northeastern North Carolina
coastal system. The image
shows the freshwater riverine
systems, vast network of
brackish-water estuaries and
the saltwater oceanic system
that is separated by the barrier
island sand dam with a few
small inlets/outlets that allow
interchange with the Atlantic
Ocean. Notice how the
extensive riverine swampforest
floodplains give way to the
drowned-river estuaries as they
approach and interact with sea
level. Hurricane Floyd made
landfall on September 15-16,
1999. This satellite image was
taken September 23, 1999,
when discharge waters were at
their peak flood stage as
indicated by the black
sediment-laden waters. This
photograph is a joint product of
the NASA Landsat Project
Science Office, Goddard
Space Flight Center and the
U.S. Geological Survey EROS
Data Center. Boxes A and B
are the location of Panels A
and B of Figure 3-4-1,
respectively.
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2.3. GEOLOGIC CONTROLS OF resulting from human interaction and 1.8 million yearsago) and surficid sediments of
COASTAL PROVINCES intervention. Quaternary age (about 1.8 million yearsago to the
present) were deposited. The dominant older units
To better comprehend the coadtd system, 2.3.A. Southern Coastal Province are generaly composed of hard rocks, including
it isimperative to understand the basic geologic Reatively old rocks (Fig. 2-2-1) underlie mudstone, sandstone and limestone associated
controlsthat define the two coastdl provinces the coagtdl system in the Southern Province, with alarge geologic structure caled the Carolina
The spatiad geometry, in consort with the from Cape Lookout south to the South Carolina Platform that underlies the region between Myrtle

geologic framework, definesthe character of the  border. These rocks range in age from Upper Beach, SC., and Cape Fear, N.C.(Riggsand
North Cardlinacoagtd system: szeandtypeof ~ Cretaceous (about 90 million years ago) through ~ Belknap, 1988). This structurd platform rises
eduarine and barrier idand habitats, water the Miocene (about 5.3 million yearsago). In dosetothe earth's surface, causing the older and
sinity, wave and tiddl energiesand processes,  thisregion, only athin and highly varisbleskin -~ harder rocksto be eroded and truncated by the
plant and anima communities, and problems of Pliocene marine sandsand clays (about 5.3t0  shordline (Fig. 2-2-1). Today, these older rocks

FIGURE 2-1-4. A 1996 false color satellite image of southeastern North Carolina (Southern Province), extending from Cape Lookout south to the
South Carolina state line. The image shows the abundant short barrier islands with many inlets/outlets, allowing for a major exchange of salt water
that mixes with the small Coastal Plain rivers. The small drowned-river estuaries and narrow shore-parallel sounds are direct results of a relatively
steep land gradient. The Cape Fear River is the only trunk stream that drains off the Piedmont Province. All other drainages are small blackwater
streams that drain the Coastal Plain pocosin swamp forests. This is a 1996 IRFAN satellite image obtained from the Web site of NOAA.gov.
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occur in the shdlow subsurface, buried benegth a
surficid skim of soil and modern coagtd deposits.
However, the erosiond topography of these older
rock units produce relaively seep dopesthat

control the coastd geometry and character within

the Southern Coagtd Province (Riggset d., 1995).

2.3.B. Northern Coastal Province
In contrat, the coagtd syseminthe
Northern Province, from Cape Lookout north to

to 1.8 million yearsin age) and the younger,
surficid sediments of Quaternary age (lessthan
18 millionyearsinage) (Riggset d., 1992). The
Quaternary sediments generaly congst of
dightly indurated to unconsolidated mud,
muddy sand, sand and pest thet thicken
northward to fill the subsiding Albemarle
Embayment, with up to 70 meters of sediments.
The generdly oft Quaternary sedimentsform
the surficid units and soils deposited during the

CONTINUED:

Quaternary ice ages. Consequently, agentle
depositiond topography is common dong the
present northern coastal system, and the ol der
rock units are deeply buried beneeth these
surficid sediments (Riggset d., 1995).

2.3.C. Consequences of the Geologic
Differences

Table 2-3-1 summarizesthe basic
differences between the Southern and Northern

theVirginiaborder (Fig. 2-2-1) isunderlain
primarily by sediments of Pliocene age (about 5.3

many seerlevel fluctuaions resulting from
multiple glaciations and deglaciations of the

Coagtd Provinces. The different geologic
frameworks for each province resultsin dissmilar

NORTHERN
COASTAL
PROVINCE

SOUTHERN
COASTAL
PROVINCE

LONGBAY i

."-':-l-‘,
f_L:IMPIAH mE MT IV r\--_-nr""] Pan Ghonbk

FIGURE 2-2-1. Generalized geologic map of the North Carolina Coastal Plain showing the two coastal provinces and four geomorphic
compartments of the coastal system. These cuspate embayments are defined by the classic Carolina capes and their associated cross-shelf sand
shoals. Due to different spatial geometry, the coastal system within each compartment is significantly different from the other compartments.
Geologic outcrop patterns are summarized from the Geologic Map of North Carolina (NCGS, 1985).
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land dopes, sediment suppliesand physicd
oceanographic conditions. The Southern Province
coagtd region is characterized by an average land
dope of 3 feet/mile compared to 0.2 fest/milein
the Northern Province. Thus, rising sealeve floods
the disparate dopes, producing different kinds of
barrier idand — inlet systems and associated
eduaries (Fig. 2-2-1). The stegper dopesof the
Southern Province produce short, stubby barrier
idandswith 18 inlets and narrow back-barrier
eduaries. The gentle dopes of the Northern
Province produce long barrier idandswith only
four inlets and an extensive sequence of drowned-
river eduariesthat form the vast Albemarle-
Pamlico estuarine sysem. The northern barrier
idands project seaward, forming the famous Cape
Hatteras and associated Outer Banks— asand
dam that semi-isolates the Albemarle-Pamlico
Estuarine System from the ocean.

The different long-term geologic histories
for these two provinces have resulted in broad,
shdlow continental shelf geometriesfor thetwo
southern coastal compartments; wherees, the two
northern compartments tend to be narrower and
steeper (Fig. 2-2-1). Thisresultsin very different
oceanographic processes dominating esch of the
two provinces. The Southern Province generdly
hasamuch higher astronomicd tidd rangeand
lower wave energy relative to the Northern
Province, which hasalow astronomicd tiddl
range and significantly higher wave energy
(Table2-3-1). In addition, the underlying geologic
framework aso controlsthe riverine drainage
basinsand their long-term delivery of sediments
tothe coadtd system (Riggset d., 1995). Four
mgjor Piedmont-draining rivers dominate the
Northern Province, whereas only one mgjor river
system drainsinto the Southern Province. Thisis

one of themgjor controls over sand suppliesthat
areesentid for building and maintaining barrier
idandsthrough time.

2.4 SHORELINES AND STORMS

2.4.A. The Flow of Energy

The shordline, where water meetsthe land,
isazoneof extremdy high physicd energy. This
energy occursin the form of waves, currents,
adtronomicd tides and gorm tides and is derived
from two important sources. Thefirg and mogt
extensve energy input to the coadtd sysemis
Slar energy, which differentidly heatsthe earth's
amosphere, ocean, and land surfaces. This
differentia heeting drives the great heat pump
operating between the air-searland interfaces and
produces sorms and windsthat result in wind
tides, waves and currents. The second energy

Table 2-3-1 Geologic Framework of North Carolina Provinces

Coastal characteristics of the Southern and Northern provinces of North Carolina result from differences in the underlying geologic
framework. See Figure 2-2-1 for location of the two provinces.

SOUTHERN PROVINCE

NORTHERN PROVINCE

Dominantly Rock Control

Steep Slopes (avg. = 10 ft/mile)

Coastal Plain-Draining Rivers (many)
Black-Water Rivers
Low Sediment Input
Low Freshwater Input

Short Barrier Islands — Many Inlets (18)

Maximum Astronomical Tides/Currents

Maximum Saltwater Exchange

Results: Narrow Back-Barrier Estuaries
Regularly Flooded
Astronomical Tide Dominated
High-Brackish Salinities
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Cretaceous-Miocene Geologic Framework

Pliocene-Quaternary Geologic Framework

Dominantly Sediment Control

Gentle Slopes (avg. = 0.5 ft/mile)

Piedmont-Draining Rivers (4)

Brown-Water Rivers
High Sediment Input
High Freshwater Input

Long Barrier Islands — Few Inlets (4)
Minimal Astronomical Tides

Minimal Saltwater Exchange

Results: Deeply Embayed Estuaries

Irregularly Flooded
Wind-Tides and Wave Dominated
Highly Variable Salinities



input is gravity. Gravity causesriversto flow
downhill and delivers both water and sediments
to the coagtd system. Also, the gravitational
forces acting between the moon, sun and earth as
they revolve about each other intheir endless
journey through space produce the astronomica
tides and associated currentsthat areimportant
within coadtd systems. These greet and
continuousinputs of energy into the earth system
mugt either directly do work, be converted to
some form of energy thet can do work, or be
released back into space— energy doesnot just
disppesr.

Some of the energy input into the earth’s
water system does the geologic work of eroding
and building beaches— in other words
maintaining the shoreine sysem. Thus, the
shordines are high-energy, dynamic portions of
the coagtd system that are generdly event-driven
by individua sormsor setsof sormsand can
result in massive changes within time frames of
hoursto years. The cumulative impact of energy
reulting from multiple sorms and numerous
winter sorm seasons, severdly impactsthe
shoreline— eroding some, building others— but
awaysmoving sediment about like chess pieces
on agame board.

2.4.B. Role of Barrier Islands and
Their Inlet/Outlet Systems

North Cardlindsbarrier idandsact asa
large sand dam separating the open waters of the
Atlantic Ocean from the semi-enclosed waters of
the etuarine system. The string of sand barriers,
built and maintained by the higher energy levels
of the oceanic system, act as an energy huffer,
largely protecting the back-barrier etuarine
system from the extremely high-energy oceanic
conditions. Consequently, when considering
eduarine shordine dynamics, the processes are
smilar to those on an ocean shoreline, but they
occur a sgnificantly lower energy levels This
resultsin dower rates of change with higher
probabilities of successfully manipulating and
managing the shordinein the short term.

Asociated with barrier idands are small
holes through the sand dam, better known as
inlets, that historicaly have alowed shipping of

goods and movement of people (Figs. 2-1-3 and
2-1-4). Butinletsredlly should be called
“outlets” Thisis because one of their primary
functionsin lifeisto let fresh weter flowing off
theland, passthrough the barrier idand sand
dam, and dischargeinto the ocean, whichisthe
ultimate base level. However, once an outlet is
open, it dso functionsas an inlet, since
adtronomicd tides create weter level differentias,
resulting in active tidal exchange of ocean water
through inlets and into adjacent eduaries. Itisthe
regularity and srength of tidal currents produced
by thistidd pumping that maintainsan inlet/
outlet system on the short-term scele of hoursto
years. Whereas, orm pumping, resulting from
mgjor storm tide events, maintains an inlet/outlet
system on the longer-term scale of yearsto
centuries.

Two sources of water feed the estuarine
sysem. Gravity causes fresh water in riversto
flow downhill to the oceans, and ocean water is
pushed through theiinlets by astronomica and
gtorm tides. Consequently, estuaries act as great
mixing basnswhere the two water masses
intermix to form the following generd sdlinity
gradients: (1) fresh water in the upstream or
riverine portions; (2) low brackish water inthe
inner etuaries, (3) high brackish water inthe
outer eduariesand inlets, and (4) normal
seawater sdinity in the offshore oceanic regions

Itistheinterplay between the regularity of
adtronomicd tides, irregularity of wind tidesand
vad array of brackish waters characterizing the
eduarine system that largely determineswhat
coadtd plant communities grow where within the
eduarine system. Thisin turn determinesthe type
of organic shordine that results and whether it is
dominated by congructive (depositiond) or
destructive (erosiond) processes. As barrier
idand inlets open, migrate and close through
time, the chemica and physica conditionsaso
change within the associated esuaries. These
changesresultin mgjor shiftsin physica
dynamics and regiond hiota, whichin turn may
cause agiven shordineto shift from agtable,
accreting shoreline to an ungtable, erosond
shordine or vice versa
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2.4.C. Role of Paleotopography in
Estuarine Dynamics

When an estuary formsin responseto rising
sealeve, the ssasystematicaly floods a previoudy
exposed land surface with topography developed
by the pre-exidting drainage sysem. The estuaries
forminlow valeys of the dranage system asthey
areflooded, while the higher ridge crests or
interstream divides between sream valeysform
the upland regions. The geometry of this paeo-
drainage system and composition of underlying
sadiment units form the geologic framework that
the coastd sysem inherits— thisisthe gene pool
that determines the character and evolutionary
higory of the eduarine system.

Jugt asadrainage sysem displays extreme
variahility, so doesthe resulting drowned river
eduarine sysem — each estuary is unique because
itsinheritanceis different from the other estuaries.
The geologic framework dictates the shape of the
coagtd system, geometry of the land surface being
flooded, types of shorelines and associated sand
supplies, and rates of shoreline recession or
accretion. Theinterstream divides between mgjor
drainage sysemsat thelarge scde (i.e, the Dare-
Hyde Peninsula between the Roanoke River-
Albemarle Sound and the Tar River-Pamlico
River), aswel| as those between tributary sreams
onthe amdler scale, are paleotopographic highs,
forming today’s land peninsulas that are composad
of pre-exigting rocks and sediments (Fig. 2-1-3).

Where the water surface intersectsthese
peninsulas, wave energy is expended and erodes
the older geologic depositsthat form the landmass.
Composition of these older geologic unitsbeing
excavated by wave energy in part determinesthe
presence and hedth of the associated beach. If the
depositsare hard rocks such aslimestone or
cemented ssndstone, there will belittleto no
Sediment contributed to a beach, and rates of
shoreline recesson will be minimal. If the
shorefaceis composed of cohesive mud, there will
be no sediment input to the beach, with moderate
to minimal erosion rates Whereas, ashoreface
conggting of unconsolidated sand, will havea
mgjor input of new sediment to abeach aong with
high rdlaive rates of beach erosion and shordline
recession.
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~ Aneroding high sediment bank shoreline at Nags
Head Woods is located on the eastem side of
Albemarle Sound. This high bank recedes rapially
during storm tides when the water level rises and
oversteps the beach. This allows waves to directly
erode the bank, causing the sandy sediment to
slump onto the beach. As the shoreline recedes,
the overhanging soil mat and associated trees are
undercut and fall onto the beach. The slumped
sediments are then reworked by the day-to-day
waves to form the broad sand beach.




3.1. TYPES OF ESTUARINE BASINS

The North Carolinaesuariesare the
drowned lowlands behind the barrier idands.
They aretheriver and tributary stream valleys
with bottoms below sealevel that are flooded by
ocean waters (Fgs. 2-1-3, 2-1-4). The ocean
floods up the low river valeysto the point where
the valey bottom rises above sealevel. The
tributary estuaries arelike long fingers reaching
far into the heart of the Coastdl Plain and
perpendicular to thetrunk estuaries (Fig. 2-1-2).
Because of differencesin dope of theland and
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resulting barrier idand and inlet systemsin the
two provinces, the estuarine basins have
dramaticaly digtinct geometries, physical
processes and hiological communities.

3.2. THE ESTUARINE BASINS

3.2.A. Basin Morphology

The drownedHriver esuarine system of
North Carolinaconggs of an extensve and
complex sequence of habitats and shorelines,
resultingin avag aray of biodiversty withina
highly varigble, but productive coagtd system.

Figure 3-2-1 usesthe Albemarle esuarine
system to identify the different types of estuarine
basinsthat occur within North Cardlina. This
figureisaso used asan example of the different
zoneswithin thetrunk river etuariesand of the
sinity gradients and dominant tidal processes
within each esuarine zone. However, it is
important to remember thet each estuarine
system hasits own characteridtics, aswill be
discussed in subsequent sections.

Figure 3-2-2 isa schematic mep view of an
idedlized drainage system that isbeing
sysemeticaly flooded by rising sealeve to

Tributary -
Trunk Estuaries
Estuaries
"—:-m.rs m.w.!' esiner . :W@ri Outer Estuarine £5lidal il Bk
SALINITY Frosh Water Low Brackish High Brackish
TIDES !rrnguhr Wind Tides wlar Astronomical Tides

FIGURE 3-2-1. Map of the Albemarle estuarine system delineating the zones within the estuarine trunk-river basin, along with the general salinity
gradients and dominant tidal processes that characterize each zone.

Chapter Three: Character « 25



CONTINUED:

produce the various types of estuaries as outlined.

Crosssectiond profile A-A' (Fig. 3-2-3)
demonstrates the geometry and associated
sadiment types down the longitudind axisof a
trunk estuarine system and extending from the
riverine system downstream to the barrier idand
sand dam. Cross-sectionsB-B' (Fig. 3-2-4A) and
C-C' (Fig. 3-2-4B) are perpendicular profiles
acrosstheriverine and trunk estuarine systems,
respectively.

The cross-sectiond morphology of most
North Carolina Piedmont-draining, brown-water
riversinthelower Coadtd Plain is characterized
inFigure 3-2-4A. A primary channd isflanked

floodplain consists of active swampforest
wetlands that are secondary channels occupied
annualy during the wet season and whenever the
riverine discharge exceeds the primary channe
capacity. The organic pesat sediments underlying
the floodplain accumulated through timein
responsetorising sealeve.

Assealeve continuesto rise and beginsto
flood up the riverine section, the swvamp forest is
drowned and eroded, producing the geometry
outlined in Figure 3-2-4B. Subsequent sediment
depostion fillsthe eroded basin with estuarine
organic-rich mud. The resulting estuarine
geometry islike ashdlow, flat-bottomed dish

shdlow perimeter platform loping gradudly
away from the shordlineto depths of 3t0 7 feet
below mean sealevel (MSL) and then dopes
more abruptly to the broad, flat floor of the central
basin with depths between 12 to 24 feet below
MSL. Within the trunk estuaries, the flat centrd
basin floor gradudly deepens from theinner
eduary seaward to the outer estuary (Fig. 3-2-3).
Tributary streams and their drowned-river
edtuaries have smilar, but smdler-scde, cross
sectiond profiles asthe trunk rivers and estuaries
(Fig. 3-2-4). In addition, each tributary estuary is
characterized by adownstream trangtion from the
riverine zone to the drowned river trunk estuary

ononeor both Sides by broad swvampforest with anarrow perimeter lip or platform (Fig. 3-2-  (Fig. 3-2-2) or aback-barrier esuary and barrier
floodplains, whichin turn is bounded by 4B). The shordlineisacut-bank incised into idand (Fig. 2-1-4). Within the back-barrier
saediment banks of the adjacent uplands. The older upland sediments, with the narrow and eduaries, the centrd basin shallows esstward onto
EMBAYED . P
TRIBUTARY
ESTUARIES
BﬂCH-E.ﬂ-HFtIEF!
BLACK WATER
TRIBUTARY STREAM E
L
Loorw Sasdima Daenk S
A‘!
: TRUNK ESTUARY
=
oL Plasiorm Marsh E
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FIGURE 3-2-2. Schematic map of the different components of a drowned river estuarine system. The location of four cross-sectional diagrams
(Figs. 3-2-3, 3-2-4, and 3-2-5, respectively) are indicated on the map.
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LONGITUDINAL PROFILE OF THE NORTH CAROLINA COASTAL SYSTEM :
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SYSTEM | I ISLAND SHELF

INNER MIDOLE OUTER SYSTEM SYSTEM
Birrine Saaeudn
SL e A A R T R oo oL T
Pamico Riser Exiuany Famiso: Sound
25N '_"n.";.'_-__‘_.--.-.--‘::":'.:' iy e -
Firvring Sy e - :
and Gravs Y, S
Esluanng s
N Orgare - Fich Muds
T8 Epuging g e e ST g et = =T
. !-"m-'h Firas Sands
100 s L ' ¥ wwes :
Paaty Sand

FIGURE 3-2-3. Schematic cross-sectional profile A-A’ shows morphology down the central basin axis of the drowned-river estuaries. The profile
extends from the upstream freshwater riverine system to the downstream barrier island sand dam and shows changing bathymetry and sediment
composition through the estuarine system. Tributary estuaries have the same basic geometry, but downstream they flow into the trunk stream. See

Figure 3-2-2 for location of profile A-A’.

extendve fine-sand flats behind the barrier
idands (Fig. 3-2-3). Back-barrier sand flatsform
asthe eduary fillswith sediment from barrier
idand processes that include wind-blown sand
and gorm overwash sand and gravel. In
addition, barrier idand segments dominated by
either modern or ancient inlets are characterized
by flood-tide deltas deposited within the back-
barrier eduarine system. Flood-tide deltas are
large lobes of subaerid to subtidd fine sand thet
form ontheindde of theinlet and readily
convert to back-barrier marsh platformswhen
theinlet cdloses down.

Often, the mouths of tributary estuaries
contain extensive fine-sand shod s that extend
across much of the central basin. These shods
can severdy redtrict and maodify the physicd and
chemicad dynamicswithin the tributary estuary.
The shodsform in regponseto higher wave
energy within the trunk estuary thet actively
erodes sand from the rapidly receading
shordlines. The sand, which is concentrated

aong the beach and adjacent perimeter platform,
isthen transported dong the perimeter platforms
by sorm winds and currents, and deposited asa
prograding bar into the centrd besin & the

tributary mouth.

3.2.B. Basin Sediments

The eduarine basins generaly act as
repositoriesthat trap and accumul ate sediments
through time. Thus, most estuarine habitets have
shallow weter depths (lessthan 24 feet).
Sedimentsthat floor the estuarine system interact
with waves and currents and play integrd rolesin
thelife and hedth of the etuarine system.
Sediments provide subgtrate for the bottom
community of plantsand animals, aswell as
interacting with the weter columnasasink and a
sourcefor nutrients, gases and contaminants. As
the sediment type varies, so do the bottom
communities and thewater columninteractions.

Thetype of sedimentsthat comprisethe
North Carolina estuarine system generdly consist

of three basic end-members. sand, pest and

organic-rich mud — dl are highly erodable.

These sediments are derived from four sources as

follows.

1. Peat and organic-rich sediments accumulatein
response to vegetation growth in riverine
swamp forests and in freshwater, brackish
water, and sdtwater marshes

2. The brown-water riversthet drain the
Piedmont and Appaachian Provinces deliver
asgnificant suspended sediment load of mud
to the eduaries, primarily during flood sage.

3. Sand, mud and organic matter are supplied to
the estuaries through the erosion of sediment
bank and marsh shordlinesthat surround the
eduaries

4. Fine sands are trangported from the oceans
into the estuaries by wind and water currents
ather through inlet processss or over thetop
of barrier idands during orms.

Theinput of new sediment into the esuarine

system from the |atter three sourcesislargdy
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gorm dependent and associated with high-
energy winter seasonsor individua hurricane
or nor’ easter storm events.

Thedigribution pattern of each sediment
typeisrelated to basin morphology, sediment
source and estuarine processes (Figs 3-2-3, 3-
2-4, 3-2-5). The centrd bagin of the estuaries
conggsof avery uniform, soft, dark gray,
organic-rich mud (ORM) (Riggs, 1996). Figure
3-2-5 diglays the average composition of
organic matter, mud and sand in the ORM and
itsdigtribution within the central basin. Notice
how the ORM givesway to totd sandinthe
high wave-energy environments of the shellow
perimeter platforms on both estuarine sides.
The perimeter platform sand congsts primarily
of chemicaly inert quartz. Thefine quartz sand
inthe ORM gradesinto medium- to coarse-
quartz sand on the perimeter platforms and
grandplain beeches (Fig. 3-2-5). Quartz sand
dsoisthe dominant sediment in the riverine
channdsof dl trunk and tributary rivers (Fig.
3-2-4A), aswell asthe back-barrier etuaries
where thefine sand is derived from the oceans
and barrier idands by sormwindsand
overwash processes (Fig. 3-2-3).

Concentration of organic matter inthe
sdimentsis highly varigble throughout the
eduaries and ranges from 0 to 86 % of the total
sadiment. Sedimentswith 50 % or greeter
organic matter are called peetsthet form either
in the swamp forests of riverine floodplains
(Fg. 3-2-4A) or in coastd marshes (Fig.3-2-3).
If aggnificant source (> 50%) of sand or mud
isavailableto ariverine floodplain or coadtd
marsh, the resulting sediment will be a peaty
sand or peaty mud, respectively. Fine-grained
organic detritus, in concentrationslessthan
50%, is mixed with inorganic dlay to form the
extensive deposits of organic-rich muds (Figs
3-2-3,3-2-4B, 3-2-5). Organic-richmud isthe
mogt pervasive sediment that formsthe benthic
habitat for about 70% of the estuarine system
and generdly fillsthe centrd basins (Riggs,
1996). Fine-grained organic detritusis derived
interndly by sormsflushing swamp forests
and marshes and erosion of associated pest
shordines. The interface between organic-tich
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FIGURE 3-2-4. Schematic cross-sectional profiles of the transition zone from riverine to estuarine
ecosystems within the drowned-river estuaries of North Carolina. See Figure 3-2-2 for location of
profiles B-B’ and C-C’. PANEL A. Schematic cross-sectional profile B-B’ across the riverine portion of
the drainage system. Notice the riverine channel is characterized by deposition of sand and gravel, while
the associated floodplain is characterized by deposition or organic matter and riverine mud to form
peat, muddy peat, and peaty mud sediment. PANEL B. Schematic cross-sectional profile C-C’ across
the upper estuarine portion of the drainage system. Notice how the swampforest floodplain peat
deposit has been largely eroded away and only locally buried and preserved in the transition from a
riverine to an estuarine system. A sediment inversion has taken place with the organic-rich mud being
deposited within the central basin and sand deposition occurring on the shallow perimeter platform in
response to shoreline erosion of the older sediment units.
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FIGURE 3-2-5. Schematic cross-sectional profile D-D’ showing the morphology and distribution
and composition of general sediment types perpendicular across a drowned-trunk river estuary.
The general profile shape is that of a shallow, flat-bottomed dish and is characteristic of most
North Carolina estuaries. The shoreline grades into the shallow-sloping perimeter platform eroded
into older sediments and then drops into the deeper central basin, the most extensive habitat
within the North Carolina estuarine system. See Figure 3-2-2 for location of profile D-D’.

mud and the overlying water containsamgjor
population of micro-organisms, aswell asalarge
community of worms, clams, shrimp, crabsand
fish. Many of these benthic organisms arefilter-
and detritus-feedersthat concentrate, pelletize
and redeposit the organic-rich mud sediment.
Pests have gregter than 50% organic matter
and formin two ways Fir, peet can form asin-
place growth of vegetation in swamp forestsor
grassmarshes. Thistype of peat containsa
framework of plant roots and semsin growth
position mixed with organic detritus and
inorganic mud from sediment-laden storm
waters. Swampforest peats form in floodplains
of thetrunk and tributery rivers (Fig. 3-2-4A).
Marsh peets form around low-energy shordines
inthe outer portions of the trunk and tributary
eduaries and contain much finer-grained organic
matter than svampforest peets (Fig. 3-2-2).
Second, detrital pest formed as organic detritus
is derived from the erosion of swamp forest and
marsh peats and is transported and redeposited
as secondary accumulations of organic métter.

3.3. BACK-BARRIER SOUNDS

3.3.A. Back-Barrier Sounds of the
Northern Province

The back-barrier sounds of the Northern
Province (Figs 2-2-1, 3-2-2) are medium to
large coag-pardld estuariesthat indude:
Currituck Sound inthe north (Fig. 3-3-1A);
Roanoke and Croatan sounds separated by
Roanoke Idand (Fig. 3-3-1B); Pamlico Sound,
the largest estuary (Figs. 3-3-1C, 1D, 1E); and
Core Sound (Fig. 3-3-1F) in the south. Only four
inletsexigt in over 190 miles of barrier idands,
limiting the influence of oceanic water and
processesto this estuarine system. In addition,
thereisamgor input of fresh water from both
Piedmont- and Coagtd Plain-draining rivers.
Thisresultsin an esuarine sysem with very low
amplitude astronomicd tides and highly varigble
sdinitiesthat range from freshwater to medium-
brackish waters throughout extengive portions of
theselarge weter bodies Only in the regions of
direct oceanic influence around theinlets do the
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waters have regular astronomical tidesand
develop high-brackish sdinities.

Core Sound hasthe highest sdinities dueto
the presence of inlets a both endsand in the
middle of the sound (Fig. 2-1-2), in combingtion
with aminimum of freshwater input from rivers.
Pamlico Sound ranges from high-brackish
sdinitiesaround the three mgjor inletsto
medium- to low-brackish sdinities dong the
western shores due to the high volume of
freshwater river discharge. Currituck Sound is
generdly fresh today dueto the absence of
inlets. However, depending upon the sorm and
ranfal patterns, some seasons are characterized
by theincursion of low- to moderate-dinity
waters. Higoricaly, Currituck Sound wasahigh
sdinity estuarine system due to the presence of
sverd maor inlets. Roanoke and Croatan
sounds tend to have highly variable sdinitiesthat
range from fresh- to medium-brackish,
depending upon the amount of fresh water
discharge and wind patterns.

Because these sounds have rdlatively large
surface areas with moderately uniform depths
and nointerior salt marshes, thereismaximum
response to waves and wind tides (Fig. 3-3-1).
Thus, the water is generdly well mixed, both
verticaly and horizontdly, by wind waves and
currents aswater doshes back and forthin
responsetoirregular and rapidly changing
wegther events. Normal wind tides are minor
(< 1 foot) with sorm-tide amplitudes commonly
upto 3to5feet and, rarely, up to 10 feet or more
in response to major hurricanes. The direction,
intengity and duration of wind determinesthe
currents and tide levels. For example, a
nor' egter that blows strongly for severd days
produces strong south-flowing currents. This
will blow much of the water out of Currituck,
Roanoke and Croatan sounds (with 3- to 5-foot
lower water levels) and produce flood conditions
in southern Pamlico and Core sounds (with 3- to
5-foot higher water levels). This doped water
surface will hold aslong asthe wind continues
to blow. As soon asthe wind rlaxesin intensity
or shiftsdirection, the water flow responds
immediately.

Continued on page 31
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FIGURE 3-3-1. Oblique aerial photographs of back-barrier estuaries in the Northern Province. PANEL A. Photograph of Currituck Banks (1998)
shows the back-barrier marshes and marsh shorelines that formed on the flood-tide delta of an historic inlet into Currituck Sound. This marsh
shoreline erodes only slightly due to the shallow waters and moderate fetch of Currituck Sound. The Currituck County mainland is in the distance.
PANEL B. The very wide barrier island at Nags Head (1991) contains Jockey’s Ridge State Park. This back-barrier shoreline is open to the extremely
large fetch of Albemarfe Sound to the northwest, causing this stretch of low sediment bank shoreline in Roanoke Sound to be severely eroded.
Roanoke Island is in the distance. PANEL C. This photograph (1991) looks through Oregon Inlet to the extensive, barely emergent sand flats
associated with the inlet’s flood-tide delta. If Oregon Inlet closed, these sand flats would quickly revert to salt marsh similar to Figure 3-3-1A. The vast
Pamlico Sound extends southwest into the distance. PANEL D. The very narrow, overwash dominated barrier island segment (1991) between
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On the other hand, during low energy
periods or seasons, considerably lessmixing
oceurs, resulting in much longer residencetimes
for the estuarine water. Consequently, these
back-barrier soundstend to beirregularly
flooded, wind-tide dominated coagtd sysems
thet are surrounded by scarped and rapidly
eroding sediment bank and marsh shorelines,

3.3.B. Back-Barrier Sounds of the
Southern Province

The back-barrier esuaries of the Southern
Province are narrow, coadtd pardld eduaries
(Fig. 2-1-2) thet range from areas dominated by
open water to areas dominated by sdt marsh and
tidal creek systems. Thewidest sysems consst
largely of open water, occur just south of Cape
L ookout and include Back Sound and most of
Bogue Sound (Fig. 3-3-2A). Asthe eduarine
system narrowsto the southwest, the size of
Bogue Sound diminishes significantly and
becomes dominated by sdt marsh (Fig. 3-3-2B).
Further to the SW, the estuaries become very
narrow and include Stump and Topsail sounds
behind Topsall I9and and Middle and Myrtle
Grove sounds behind Wrightsville Beach and
Masonhoro Idand, respectively. In the latter
regions and in the area south of Cape Fear, from
Long Beach to Sunset Beach, the very narrow
back-barrier estuaries are dominated by salt
marshesthat are highly dissected by tidd creeks
(Fgs 3-3-2C, 2D). Inthe Figure Eight Idand to
Wrightsville Beach area, Middle Sound, Masons
Inlet, Banks Channdl and Masonboro Inlet have
been severely maodified, with development and
extendve dredging for navigationa channelsand
recovery of beach nourishment sands over the
decades (Figs 3-3-2D, 2E).

The coagtd segment a Ondow Beach is
underlain by asubmarine headland composed of
older limestone with the barrier idand perched
ontop of therock heedland. Thishasresulted in
the narrowing and final disgppearance of the
eduariesover asmal areatha can be seenin
Figures 3-3-3and 3-3-4A. The Intracoastd
Waterway (ICCW) occurs asaditch cut through
asmal upland ssgment where this headland
extends to the beach without anaturd estuary. A
smilar stuation exiss dong portions of the
Brunswick County coagt with littleto no natural
eduary dong segments of Oak Idand and
Holden Beach and the ICCW diitch cut through
upland (Figs 3-3-4B, 4C, 4D). West of Shdlatte
Inlet to the Little River Inlet, the barrier idands
front narrow back-barrier euariesfilled with
st marsh and tiddl cresks

Inthe coagtdl segment from the southern
portion of Carolina Beach to Fort Fisher, the
coadt hasno barrier idands. Here, older geologic
units of the mainland form a subaerid headland
with ashoreline eroded into the ol der cemented
sandstone units. Localy, the sandstones crop out
on the beach north of Fort Fisher and form the
only naturd rocky ocean beachin North
Cardlina Becausethe shordineis eroded into
themainland, thereis no natural estuary, and the
ICCW occurs asaditch, known as Snows Cut,
through the upland to the Cape Fear River.

The Southern Provinceis characterized by
about 18 inletsthrough the short, stubby barrier
idands (Fig. 2-1-2). The combination of
abundant inlets, high astronomicd tidal ranges,
and afew smdl Coadtd Plan riversdraining
into the coagtdl zone resultsin an estuarine
system dominated by ocean water and ocean
processes. Mixing within these esuariesis

CONTINUED:

driven from the ocean by the highly regular
adronomicd tides, with amplitudes of 3to 5 feet
thet generaly increase southward. The regular
tides have strong tiddl currents associated with
them, that transport large volumes of ocean water
into the estuaries, mix it with small volumes of
fresh water discharge to form the resulting high
brackish waters

Because of the relatively smdl surface area
(Fg. 3-3-2), thewater in these eduaries
experiences minimd effects from waves and
wind tides. Consequently, large portions of the
eduaries are dominated by doped mud flats
riddled with tidel channdlsand extensve st
marshes and oyster reefs. These narrow estuaries
areregularly flooded, astronomical tide-current
dominated coagtd systems. Locally, these
marshes have been highly modified by human
activity, including an extensive network of
dredged navigation channdls and associated spoil
idands, marsh drainage ditches for mosguito
control and landfill for development purposes

3.4. TRUNK ESTUARIES

3.4.A. Trunk Estuaries of the Northern
Province

Four mgjor Piedmont-draining riversflow
into the Northern Province of the coagtd zone
(Fg. 2-1-2). The Chowan and Roanoke rivers
become the Albemarle Sound estuary, the Tar
River becomesthe Pamlico River esuary and the
Neuse River becomes the Neuse River estuary.
These estuaries form the mgor coast-
perpendicular or trunk estuaries. The trunk rivers
drain the Piedmont and Appalachian provinces,

Continued on page 33

Buxton (in the foreground and out of the picture) and Avon (at the top of the picture). This back-barrier segment is characterized by old overwash fans
with minor salt marsh platforms that are eroding. Notice N.C. Hwy. 12 and the highly scarped barrier dune ridge constructed to the east of the road
and designed to prevent the overwash process. Without reqular overwash events, the back-barrier shoreline will not be frequently renourished,
resulting in increased rates of shoreline erosion. PANEL E. An overwash barrier island segment on Ocracoke Island (1998) shows the destruction of
the barrier dune ridge that has buried N.C. Hwy. 12. The overwash flats are still largely intact, covered with extensive salt marshes, and now being
eroded on the estuarine side. Pamlico Sound is in the distance. PANEL F. This photograph (1982) shows the overwash processes of Core Banks, with
extensive salt marshes that formed on the flood-tide delta of an historic inlet into Core Sound. This marsh shoreline erodes only slightly due to the
shallow waters and low fetch of Core Sound. The Carteret County mainland is in the distance.
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FIGURE 3-3-2. Oblique aerial photographs of back-barrier estuaries in the Southern Province. PANEL A. Photograph of Emerald Isle on Bogue Banks
(1982). The low to high sediment bank, back-barrier shoreline faces the open waters of Bogue Sound with the Carteret County mainland in the
distance. PANEL B. A 1982 photograph looking southeast across the extensive shallows towards Emerald Isle. The west end of Bogue Sound is
dominated by shallow flats and associated salt marshes. PANEL C. A 1998 photograph of Figure Eight Island shows the extensive development of an
internal estuarine salt marsh and tidal channels that dominate Midale Sound. Notice the one major shore perpendicular channel that connects the
Intracoastal Waterway (ICWW) with the Atlantic Ocean through Mason Inlet to the left off the photo (see Figure 3-3-2E). The Pender County mainland is
in the distance. PANEL D. A 1998 photograph of the tidal creeks and salt marshes that fill Middle Sound. The photo is looking east across the eastern
side of Figure Eight Island. PANEL E. A 1998 photograph looking northeast from Shell Island in the foreground, across Mason Inlet, to Figure Eight
Island in the distance. The Shell Island Resort is the high-rise building in the foreground. PANEL F. A 1998 photograph of the highly developed estuarine
area at Wrightsville Beach. Banks Channel has been extensively dredged over the decades to supply beach nourishment sands to the ocean beach
and to maintain the extensive network of navigational channels. Most of the estuarine shoreline has been bulkheaded to prevent shoreline erosion.
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INTRACOASTAL WATERWAY (ICWW)
AND ONSLOW BEACH
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FIGURE 3-3-3. Infrared aerial photograph mosaic of the Intracoastal Waterway (ICWW) dug channel between the
mainland and Onslow Beach. This image shows the ICWWV cut through the Pleistocene subaerial headland and the
estuarine marsh (dark-colored vegetation) on either side of the headland (bright red-colored vegetation). Notice the
abundant dredge spoil piles along the ICWW (bright red circular forms). Both the estuarine marsh and sediment
bank shorelines are severely eroding along this entire length of the ICWWV ditch. Infrared digital orthophotography
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and individud storm events
causing these large embayed
eduariesto beirregularly-
flooded, wave-dominated
coastd sysemsthat are only
well mixed during storms
and the sormy seasons.
Thus, during the generdly
dry, hot, and calm summer
months, the denser sdlt water
formsabottom layer that
moves up the estuarine
system, with the freshwater
river discharge flowing
seaward over the surface.
Thissetsup amgor verticd
dratification with littleto no
mixing during thecam
“dog-days’ of July and
August. Aswater
temperaturesrise and
oxygen levelsdiminish,

the highly sratified water
becomes anoxic, causing
sgnificant chemica and
hioclogica consequences,

was flown in March 1996 for the U.S. Marine Corps, Camp Lejeune, N.C.

discharging large volumes of fresh water into the
eduarine sysem. They dso carry significant
|oads of sediment derived from the weathering
and erosion of the upland clay soils, from which
they derive their designation as brown-water
rivers

Thetrangtion zone from river to estuary
(Fig. 3-4-1) occursin abroad zone where the
river valey reaches sealevel andisflooded by
estuarine waters. Within this broad trangtion
ZOne, ivering processes give way to esuarine
processes. Dueto thelow doping landinthe
Northern Province, coastd flooding occursfar
Upstream, producing the degply embayed
eduarine system. Considering dl of the trunk
edtuaries and associated tributaries that have
been flooded by sealevel, North Carolinahas
over 3,000 miles of estuarine shordine within
the Northern Province done (Fig. 2-1-3).

Because thetotd volume of oceen flow
through the four inletsissmall and the
freshwater dischargeis high, the trunk estuaries
have low sdinity. The Neuse and Pamlico River
edtuaries range from medium- to low-brackish
sdinity on the seaward Sde, and gradeinto low

brackish to fresh water in the landward direction.

Albemarle Sound isamost totdly fresh water
dueto the absence of inlets north of Pamlico
Sound. Thislack of oceanicinfluencedso
resultsin the absence of regular astronomicd
tidesand associated tidd currentsin the
Albemarle Sound region.

Since the trunk estuaries have extremely
large expansss of surface water, wind and sorm
tides are very important physica processss that
irregularly mix the water column and set up the
current patterns. The wind-tide fluctuationsin
water level are driven by mgor wegther patterns

induding massivefish
and dlamkills.

3.4.B. Trunk Estuaries of the Southern
Province

Most rivers draining to the coast in the
Southern Province are smdll black-water sreams
that discharge low volumes of fresh water
(Fig. 2-1-2). Theserivers carry relatively low
sadiment loads, but contain large quantities of
organic components giving the water the color of
over-brewed tea. The one mgjor exceptionisthe
Cape Fear River that does drain into the Fiedmont.
Consequently, the Cape Fear River isabrown-
water river dueto the presence of abundant
sediment derived from erosion of the clay
Piedmont sails. It dso hasamuch larger river
valey and greater water discharge. The Cape Fear
River esuary isthe only mgjor trunk estuary in
North Carolinathat discharges directly into the
Atlantic Ocean, without passing through aback-
barrier sound firgt.
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FIGURE 3-3-4. Photographs of shoreline erosion along the Intracoastal Waterway (ICWW) channel. PANEL A. Oblique aerial photograph of the
east side of Onslow Beach and Browns Inlet in Figure 3-3-3 showing the ICWW cutting through the estuarine marsh (light green-colored vegetation)
behind Onslow Beach in the foreground and the Pleistocene subaerial headland (dark green-colored vegetation) in the background. Notice the string
of old, high and circular dredge spoil piles and the active, irreqular-shaped dredge disposal site along the left side of the ICWWV and covered with
upland vegetation (dark green-colored). PANEL B. Photograph of the eroding estuarine marsh shoreline along the ICWWV at low astronomical tide.
Notice that at this tide level, boat wakes will erode the soft peat beneath the tough modern marsh root mass, producing a severe undercut peat
block that will ultimately break off. PANEL C. Photograph of an eroding low to high sediment bank shoreline along the ICWWV at low astronomical
tide. Shoreline erosion will not take place during this tide level as the wave energy is expended on the very broad strandplain beach. However, during
high tide, the boat wakes break directly on the base of the wave-cut cliff, severely eroding the bank with the ultimate failure of large slump blocks
and associated trees. Notice the Pleistocene iron-cemented sandstone in the foreground that is slightly more resistant to the erosional process.
PANEL D. Photograph similar to Panel C with a desperate, but unsuccessful effort to stop the erosional process. Assuming that the steps in the
background are four feet wide, this shoreline has receded approximately 100 feet since the ICWW was cut in the 1930s, resulting in an erosion rate
of about 1 to 2 feet per year.

The numerous smadl trunk river valeys dopes (Figs. 3-2-2, 3-2-3, 3-2-4 and 3-2-5). agronomical tides. However, the main portions of
form a series of coagt-perpendicular, drowned- These drowned-river estuaries often have desper  these estuaries are large, open water bodies that
river estuariesthat include the North, Newport,  water then the back-barrier sounds and have causewind waves and irregular wind tidesto be
White Ok and New River estuaries (Fig. 2-1-2).  Smilar characteristicsto the northern trunk river - theimportant processes. Thus, the trunk estuaries
Thesewater bodiesare much smaler thanthose  valeys, except for the marshes. In generd, the tend to beirregularly flooded, wave-dominated
inthe Northern Province since they aretotaly outermogt portions contain some fringing coagtd systemswith shorelines characterized by
Coagtd Plain drainage sysemswith high land marshesthat are controlled by regular eroding sediment banks and perimeter marshes.
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Many of these southern trunk etuariesare
partidly cut off from the back-barrier etuaries
asaresult of human activities. Condruction of
the ICCW and associated navigetional channels
resulted in an extensive network of dredge-
Sail pilesthat have greetly modified the water
flow (Figs 3-3-3, 3-3-4A). In addition, some
trunk estuaries, such asthe North River, have
bridgesthet act as partia damsand restrict
current flow. These changes have dampened
the oceanic influence, resulting in estuaries that
arenot aswell mixed asthe back-barrier
esuaries and with asgnificantly decreased
influence of salt water and regular astronomical
tides. Consequently, the waters grade over short
distances— from high+brackish sinity on the
ocean Sde, to low-brackish and fresh weter
away from the coadt.

3.5. TRIBUTARY ESTUARIES

Howinginto thetrunk estuariesisa
network of tributary streams (Fig. 3-2-2) that
arelikethe capillariesflowing into the arteries
of the human circulaion system. The lower
portion of each tributary valey isaso drowned
when it reaches sealevel to form agenerdly
coadt-pardld estuary (Fig. 3-2-2). In contrast to
thetrunk estuaries, the myriad of black-weter
tributary Sreamsaredl derived from the
Coadtd Plan. These esuaries congst primarily
of fresh water that isblack dueto the
decomposition of organic matter derived in the
upland swamps and pocosins from which they
drain.

Smadl tributary etuariestend to have
irregular riverine geometry and are
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FIGURE 3-4-1. Two infrared aerial photograph mosaics of the
riverine-estuarine transition zone. Photographs were flown by the
High Altitude Program of the U.S. Department of Agriculture. See
Figure 2-1-3 for the location of these panels. PANEL A. Aerial
photograph (4/1/1982) of the Chowan River. Notice that the
swampforest shoreline of the floodplain is being eroded by the
systematic drowning of the swampforest vegetation in response to
ongoing sea-level rise. PANEL B. Aerial photograph (3/29/1982)
of the Tar-Pamlico rivers. Notice that the swampforest shoreline of
the floodplain is being eroded by the systematic drowning of the
swampforest vegetation in response to ongoing sea-level rise.

characterized by low wind and wave energy.
Thus, the shordineis generaly stable and covered
by aheavy growth of vegetation composed of
either svamp forestsin the upper reschesor
fringing marshes throughout the remaining
shordine sagments (Figs. 3-2-2, 3-2-4).

Tributary estuaries are smalest on the
western or inner portions of the trunk etuaries
and become generaly larger in the eestward
direction asthe dope of theland gpproaches sea
leve (Fig. 3-2-2). Findly, onthe eatern Sde
where much of theland isnow below sealeve,
the tributaries have flooded completely to form
the very large back-barrier esuariesthat include
Core, Pamlico, Roanoke, Croatan and Currituck
ounds
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CHAPTER FOUR:

Types of Estuarine Shorelines

A low sediment bank shoreline of an upland is
severely eroding along the northeast shore of
Cedear Island Bay: The wave-cut scarp consists of
a lower, hard dark brown, organic-rich soil horizon
overlain by a clean white sand containing the
moderm surface soil with a pine forest. A dead
tap-root forest of former pine trees along the
beach, as well as the dying and blown-down pine
trees at the modem forest edge, are victims of
the ongoing shoreline erosion.
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4.1. SHORELINE TYPE

All North Carolina estuaries result from
the post-glacial risein sealevel and resulting
flooding up the stream valleys of the Coastal
Plain drainage system. Table 4-1-1 outlines
the general shoreline types that characterize
the North Carolina estuarine perimeters. The
estuarine shorelines occur either along the
banks within the drowned-trunk and tributary
rivers or along the backside of the barrier
idands. Four basic categories of shorelines
occur within the North Carolina estuarine
system: sediment bank shorelines, organic
shorelines, combination shorelines and back-
barrier shorelines (Table 4-1-1).

CHAPTER FOUR:

Types of Estuarine Shorelines

4.2. SEDIMENT BANK SHORELINES

Sediment bank shorelines are
subdivided based upon bank height: low
bank, high bank and bluff (Table 4-1-1). Most
sediment bank shorelines are eroded into
older sand and clay sediment units. If the
eroding sediment bank contains adequate
sand supplies, a strandplain beach will form
asathin and narrow feature delicately
perched on top of awave-cut platform (Fig.
4-2-1). The sand that comprisesthe beach is
derived primarily from the erosion of the
adjacent sediment bank and forms abeach
aong the water line to absorb wave energy.

Table 4-1-1 Shoreline Categories and Parameters

Types of shorelines that characterize the North Carolina estuarine parameters.

4.2.A. General Characteristics
Sediment bank shorelines consist of a
gently seaward doping, wave-cut platform
below water level and the associated steeply
doping, wave-cut scarp on the landward side
of the beach (Fig. 4-2-1). Sand that formsthe
beach aong the shoreline is derived from
erosion of older units comprising the
sediment bank. Bluffs (> 20 feet) and high
sediment banks (5 feet to > 20 feet) occur
primarily in the westernmost portion of the
estuarine system, are the least abundant types
of shorelines, and arein great demand for
home-site development (Fig. 4-2-2). Low
sediment banks (< 5 feet) are the most
abundant type of sediment bank shoreline,

SHORELINE DEFINING

CATEGORIES SUBTYPES PARAMETERS

e Sediment Bank Shorelines Bluff > 20 feet high
High Bank 5-20 feet high
Low Bank < 5 feet high

¢ Organic Shorelines

e Combination Shorelines

o Back-Barrier Shorelines

Swamp Forest
Marsh

Sediment Bank with Cypress Fringe

Sediment Bank with Marsh Fringe

Sediment Bank with Fringe of Log & Shrub Debris
Low Sediment Bank with Stumps

Swamp Forest with Strandplain Beach

Marsh with Strandplain Beach
Human-Modified Shorelines

Overwash Barriers
Complex Barriers
Inlet

Freshwater Riverine Floodplains &
Freshwater Pocosins
Fresh, Brackish, & Salt Waters

Mixed Sand Fans & Marsh Platforms
Sediment Banks & Organic Banks
Flood-Tide Deltas
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SEDIMENT-BANK SHORELINE WITH STRANDPLAIN BEACH

Sediment-
Bank
4— Off Share _..,|Q7 Mear Shore —hlﬂ—s'ﬂrﬂsh Zone —DIQ—EEI:II Shl.':lrﬂvl Shoreling

FIGURE 4-2-1. Schematic model of a sediment bank shoreline showing the following geomorphic features. 1) A wave-cut scarp and wave-cut
platform have been eroded into older sediment units (orange) with a strandplain beach (yellow) perched on the platform. 2) Different water levels
(blue) and wave sizes that do the work of shoreline erosion, beach building and beach maintenance. 3) The process of eroding and undercutting the
bank top during high storm tides and subsequent slumping and reworking of slump blocks to produce the beach sediments.

and are the dominant type as the uplands
dope eastward towards sealevel (Fig. 4-2-3).

Almogt al sediment bank shorelines are
eroding, however, at different rates, depending
upon the geographic location within the estuarine
system, the exposure to wave energy, and the
type and extent of vegetaive cover. Erosion rates
areextremdy varigble, ranging from afew feet
per decadesin theinnermost trunk etuariesand
smdl tributary estuaries up to tens of feet per
year for exposed low sediment banksin the
middle and outer estuarine reeches. Mogt
shordine eroson takes placein direct response to
high-energy storms. Thus, the amount of
recesson a any locationis quite varigblefrom
year to year.
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4.2 B. Strandplain Beaches

Strandplain beaches are those beaches that
occur in front of many sediment bank shordlines
within the etuarine sysem (Figs 4-2-2B, 2C; 4-
2-3A, 3B). A drandplain beech isathin sand
body perched on an erosond wave-cut platform
and backed by awave-cut scarp (Fig. 4-2-1),
both of which are composed of older sediment
or rock units. Thisisin contragt to barrier
beechesthat have water bodies behind the
beaches or organic-dominated shorelines (marsh
or swamp forest), which rardly have any beech
a dl. Thelatter are dominated by the wave-cut
scarp and platform with aminima or no sand
beech dueto lack of asand sourcein the eroding
bank (Figs. 4-2-2D; 4-2-3C, 3D).

Every sediment bank shoreline conssts of
awave-cut scarp and awave-cut platform that
have been eroded into the older sediments
underlying the upland regions (Fig. 4-2-1). If an
eroding wave-cut scarp is composed of gravel,
sand, muddy sand or even sandy mud, it will
produce sands and gravelsfor building abeach
asthe sediment bank recedes. In this Stuation,
the coarse sediment derived from the receding
shordine will produce athin beach thet is
perched directly on the wave-cut platform. The
extent and composition of the beechisdirectly
dependent upon the abundance and composition
of sand and gravel in the wave-cut scarp, aswell
astherate of shordline recession. However, if the
wave-cut scarp is composed of indurated rock or
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FIGURE 4-2-2. Photographs of eroding bluff and high sediment bank estuarine shorelines. PANEL A. A bluff sediment bank is actively eroding due
to the sand composition of the bluff. The wave-cut scarp is dominated by continuous slumping and reworking into an extensive strandplain beach.
PANEL B. A high sediment bank shoreline is actively eroding. Notice that erosion was not taking place at the time of the photograph when winds
were not blowing, and water level was normal. Large slump blocks, with trees on top, have collapsed onto the beach and are being reworked into a
strandplain beach. The trees ultimately will be laid down and act as natural groins to help trap and hold the beach sands in place. PANEL C. A high
sediment bank shoreline is actively eroding, as indicated by the location of the colonial farmhouse, which was probably not built on the waters edge.
Notice that the size of strandplain beach decreases as the wave-cut scarp height and sand volume decreases. PANEL D. This high sediment bank
shoreline is composed of a very tight, fossiliferous, blue mud and consequently is eroding very slowly. Since this is a slowly receding mud bank,
there is not an adequate source of sand to build a strandplain beach.

mud, there probably won't be any sediment from the receding shoreline. Undercut bluffsand  sediment and trees are continuously added to the

fromwhich to build abeach (Fig. 4-2-3D). In high-bank shordlines collgpse and supply large beach as sediment islogt both dongshore and

this case, the wave-cut platform will congst of sadiment volumesin dump blocksdirectly tothe  offshore and trees decompose.

indurated rock or compacted clay that isexposed  beach for reworking by wave energy (Fg. 4-2-1, The beach sand on mogt mainland

directly to wave action. 4-2-2B). Asthese banks dump, large trees eduarine sediment bank shordlinesis generdly
Bluffsand high sediment bankstend to frequently come down with the dump blocks. derived from the erosion of adjacent sediment

have well-developed strandplain beeches, while  Aswavesrework the dump block sediments, the  bankswith no other known sources

low sediment banks tend to have only minor fdlen trees and shrubbery accumulate on the Bulkheading and other forms of shoreline

grandplain beaches associated with them. The beach asnaturd groin fidds trgpping and hardening on eroding sediment banks terminate
szeof srandplain beechesisdirectly dependent  holding the sand in place (Figs. 4-2-2C, 4-2-3B).  theinterna sand supply, and beach sands soon
upon the volume of sand potentialy avalable Since erosion is an ongoing Process, new begin to disappear (Fig. 4-2-4). Thus,
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FIGURE 4-2-3. Photographs of low sediment bank shorelines. PANEL A. An actively eroding low sediment bank. The size of the strandplain beach
has decreased significantly as the height of the wave-cut scarp has decreased (see Figure 4-2-2). Notice that the rate of erosion is so high that the
tractor turning area has been eliminated since the crop was planted. PANEL B. A segment of low sediment bank that is stabilized by a heavy growth
of vegetation. The sand that forms the strandplain beach was derived from adjacent properties after the banks were cleared for development. Notice
how the amount of sand dramatically diminishes into the background and the role of tree trunks as natural groins in trapping and holding the beach
sand. PANEL C. An actively eroding low sediment bank that is too small to produce a wave-cut scarp and there is no sand available in the bank to
produce a strandplain beach. Consequently, the mudady sediment is slowly washed out from around the trees, leaving the pine forest ghosts and
their many stumps standing in shallow water. PANEL D. A low sediment bank that is being converted to a freshwater marsh in response to the
ongoing rise in sea level. The soil upon which the pines and live oak were growing has been buried by a thin layer of peat produced by the
freshwater grasses. Ongoing shoreline recession produced minimal amounts of sand for development of a minor strandplain beach and has left

stumps exposed in the shoreface.

condruction of any hardened sructure designed
to stop shoreline recession will cut off the sole
source of sand for the associated beach. Unless
thereisagenerous neighbor that will continueto
et the adjacent shorelines erode, the sand on the
grandplain beech will begin to disappesr.
Hardening of one piece of property donga
shordine will generdly increase the rates of
erosion on adjacent properties. Thisisthe
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domino effect that usudly forcesthe neighbors
to begin hardening their shordline, thus
accderating therate of beech loss

4.3. ORGANIC SHORELINES
Organic shorelines are subdivided into

marshes and swamp forests. They consgt of
water-tolerant flora, including trees, shrubs, and

grassesthat grow a the landiwater interface and
are able to endure temporary but not permanent
flooding. Coagta marsh shorelines occur in
eduariesthat range from fresh to st water,
whereas swampforest shordlines occur only in
freshwater wetlands. Svampforest shordlines are
associated with riverine floodplains or upland
pocosing, which are nonfloodplain swamps that
arenow at the shordline due to coagtd erosion.
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FIGURE 4-2-4. Photographs of human-modified sediment bank shorelines and no sand strandplain beaches. PANEL A. A high sediment bank
shoreline with multiple efforts to stop the erosion using combinations of rock rip-rap, rock revetments and wooden bulkheads. PANEL B. A massive
rock revetment protects the high, sediment bank at the Lost Colony on the north end of Roanoke Island. PANEL C. A wooden bulkhead in concert
with a small groin field protects a low sediment bank on the northwest end of Roanoke Island. PANEL D. A concrete bulkhead protects a low sediment bank
in Bogue Sound. A fringing marsh grass, planted in front of the bulkhead, baffles the wave energy and has trapped some sediment to build up a shallow
platform for marsh development. Photo is from North Carolina Sea Grant, N.C. State University.

Theflord communitiesthat dominate organic etc.) and occur within the fresh water, riverine the cypressdie and are blown over by stormsor
shoreines and their zonation patterns change floodplains of the uppermost portions of trunk undercut by the eroding peat bank dong the
laterally asweter sdlinity and tidal processes and tributary estuaries (Fig. 3-4-1). Assealevd outer edge of the floodplain asthe swampforest
change. All organic shordlines are charecterized  rises, thelower portions of riverinefloodplains  shoreline dowly receeds.
by sediment composed either of >50% organic  become permanently flooded, causing the shrubs Much of theland areathat makes up
matter (pest) or composed of < 50% organic matter  and trees to become stressed and die by eadtern North Caralinain the Northern
intermixed with fine sand and mud (pegty ssnd ~ drowning and producing a swampforest Province congsts of vast upland wetlands
and peaty mud, respectively), depending uponthe  shordline (Fig. 4-3-1). Thevegetdion that islesst  known as pocosins Asthe shordline receeds,
specific location within the estuarine system. tolerant of flooding dies off firgt, leaving the many of these pocosns are intersected by the
mogt tolerant, the degant cypress, to tand as coadt (Fig. 4-3-3). Some pocosins are cypress-
4.3.A. Swampforest Shorelines lonely sentinelsin open water beyond the and gum-dominated wetlands (Fig. 4-3-3A,
Swampforest shordlinesaredominated by~ shordline (Fig. 4-3-2). Thisproducesoneof the  3B) while othersare shrub, bay and pine
numeroustypes of wetland treesand shrubs (i.e,  mogt characterigtic and beautiful sightswithin dominated (Fig. 4-3-3C, 3D). Irregardless of the
cypress, gum, svamp meple, bay, wax myrtle, the North Carolina esuarine sysem. Ultimatdy,  type of vegetation, the receeding shordineis
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FIGURE 4-3-1. Schematic model of a swampforest shoreline (modified from Bellis et al., 1975). This type of shoreline has two general occurrences.
The primary occurrence is in the transition zone where riverine floodplains intersect mean sea level along the innermost portion of drowned river trunk
and tributary estuaries. Within the outer portions of the estuarine system, swampforest shorelines occur wherever shoreline erosion intersects a former
upland pocosin. This is a common occurrence in the lowlands of the outer counties such as Currituck, Dare, Hyde, Tyrrell, Pamlico, and Carteret.

characterized by the ghogt remnantsof drowned  Side of the coadtd system, where smdll drainages — estuarine wter body and actsasanaturd groin or
trees and extensive Sumps and root masses with steep gradients enter atrunk or tributary breskwater that traps sand on the shdlow
scattered through the shalow nearshorewaters  estuary. Wherever the floodplain is dightly perimeter platform within the adjacent coadtdl
(Fig. 4-3-3D). Locdly, the cypresstreesare 0 above sealeve at the point the dream entersthe . segments. Ultimately, with rising sealevel, the
dense that their large buttressed bases actuly esuary, the water-tolerant floodplain vegetation  treesdie, and the floodplainisdrowned toforma

produce naturd bulkheads or breskwaters (Fig.  ismoreresigtant to shordline eroson then gmdll embayed tributary estuary.

4-3-3C). adjacent sediment bank shorelines, and acypress If the tributary stream flows diagondly into
Swampforest shorelines dso occur dong headland forms (Fig. 4-3-4A, 4B). Thiseroson-  the estuary, remnants of the floodplain vegetation

coadtd segmentsonthewesternor moreinland  resigtant cypress headland extendsinto the can be preserved in front of asediment bank
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FIGURE 4-3-2. Photographs of swampforest shorelines in the riverine-estuarine transition zone of the Roanoke River and Albemarle Sound. PANEL
A. An oblique aerial photograph of the transition zone between the Roanoke River swampforest floodplain and Albemarle Sound estuary. Notice the
abundant cypress trees that can tolerate permanent drowning more readily than other species. Species that are less tolerant of flooding, such as the
swamp maple and gum, die off fairly quickly as sea level rises and leave the cypress standing alone in the water as the shoreline slowly recedes by
drowning. Notice how the floodplain is totally eroded on the seaward side where the upland comes into direct contact with the estuary to produce
sediment bank shorelines. PANEL B. A vertical aerial photograph looking straight down on a receding swampforest shoreline with abundant cypress
trees left standing in shallow estuarine waters. PANEL C. A water level view of the photograph in Panel B. PANEL D. A classic view of cypress
remnants standing offshore within the upper reaches of North Carolina’s drowned river estuaries.

shordline. This Stuation resultsin development of - homeownersto be anuisance thet bresds snekes,  composed of pines and hardwoods (Fig. 4-3-5).
acypressfringein front of the sediment bank inhibits svimming, and preventsadear view of  Freshwater marshes occur in theinnermost
(Fig. 4-3-4C, 4D). The remnant vegetationisan  the water. Consequently, cypressfringesare riverine and estuarine regions and are dominated
important natura bulkhead thet greetly reduces  often cleared out causing rapid rates of shordline by cattails, bullrushes, reeds and cordgrass (Hig.

wave energy and rates of sediment bank erogon.  recessonto stin. 4-3-6A, 6B). The freshwater marshes grade
However, theirregular nature of the trees dlows seaward into brackish marshes dominated by
0me wave energy to pass between trees, causng  4.3.B. Marsh Shorelines either sdtmeadow cordgrass (Spartina

dow eroson and sediment production from the Marsh shorelines occur throughout the alterniflora) or black needlerush (Juncus
bank. This sand forms astrandplain beach, which  estuaries and are dominated by emergent roemerianus) depending upon whether the

iscritica to the overdl dynamicsand energy grasses. Updope, the marsh gradesthrough a estuary is characterized by high- or low-brackish
absorption. Unfortunately, such cypressfringes  trandition zone composed of wax myrtle, marsh  water and astronomical or wind tides,
areusudly conddered by developersand eder and slverling and into the adjacent upland ~ respectively (Fig. 4-3-6C, 6D). Within the inner
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FIGURE 4-3-3. Photographs of vegetatively bound swampforest shorelines in the headwaters of small tributary estuaries and outer estuaries where
the receding shoreline has intersected pocosin swamp forests. PANEL A. A vegetatively bound swampforest shoreline that displays little to no
shoreline recession taking place. PANEL B. Estuarine shoreline dominated by a massive bulkhead like zone of cypress trees that effectively protects
the shoreline from day-to-day erosional processes. PANEL C. The estuarine headwaters of a tributary stream are heavily dominated by vegetation.
Rising sea level is causing a change in vegetation from less wet to more wet adapted species, as evidenced by the scattered and still-standing dead
pine trees. PANEL D. Photograph of a pocosin swampforest shoreline where the receding shoreline has intersected a swamp system perched on a
low, upland area. Wave action erodes out the enclosing peat sediment, leaving the ghost trees and stumps standing out in the shallow waters. This
type of shoreline occurs primarily in the lowland regions of the outer estuaries in Currituck, Dare, Hyde, Tyrrell, Pamlico and Carteret counties.

and middle esuarine system, freshwater and
brackish marshes may either occur as narrow
fringing marshesin front of and protecting
segments of sediment bank shordlines (Fig. 4-3-
6A, 6B, 6C) or may completely fill small
tributary esuaries (Fig. 4-3-6D).

Inthe outer euarine regions of the
Northern Province, the dope of the upland is
minimal asit gpproaches sealevel. Also, these
eduariesare characterized by few inletsthrough
the barriers and fluctuating water levels caused
by irregular wind tides. Thus, the marshes are
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generdly wave dominated with irregular gorm-
tide flooding and water thet ranges from fresh to
middle-brackish. This Stuation determines three
basic characteridtics of the northern marshes.
Firg, they tend to occur as vast and pectacular
wetland habitatsthat form as broad, flat
platformswith few if any tidd creeks (Fig. 4-3-
7A, 7B, 7C). Second, the marshes are dominated
by black needlerush (Juncus roemerianus) (Fig.
4-3-7A, 7C), with occasond narrow outer rims
of one or more species of Spartina (Fig. 4-3-7B,
7D). Third, the outer shordlinein any areawith a

sgnificant fetch isin adestructive or erosiond
phese (Figs. 4-3-5, 4-3-7D).

Marsh shordlines are characterized by the
accumulation of thick beds of fairly pure peat
deposited in regponseto rising sealevel. If the
outer marsh perimeter is exposed to large
gretches of open water with high wave energy,
the peat sediment is actively eroded, producing
vertica scarpsthat drop abruptly into 3to 8 feet
of water (Fig. 4-3-5). The scarps are genexaly
characterized by severe erosond undercutsinto
the soft peat below the extremely tough modern
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FIGURE 4-3-4. Photographs of shorelines dominated by cypress headlands and cypress fringes. PANEL A. An oblique aerial photograph showing
the differential erosion rates of a tributary stream and associated swampforest floodplain as it enters Albemarle Sound and the adjacent sediment
bank shorelines. The swampforest vegetation drowns and recedes at slow rates, leaving the cypress standing in the shallow waters as the adjacent
sediment bank shoreline recedes more rapidly. PANEL B. A ground view of a similar cypress headland in the Neuse River estuary. The cypress form
a headland that acts as a large-scale groin trapping an extensive strandplain beach in front of the eroding sediment bank in both the upstream and
downstream segments. PANEL C. An aerial photograph looking vertically down upon an eroding sediment bank shoreline with a cypress fringe in
front of the eroding bank in the Chowan River. PANEL D. Ground view of a similar cypress fringe fronting a bluff shoreline in the Chowan River. The
cypress helped trap sand and build the strandplain beach, as well as partially protecting the adjacent bluff on the right side of the photo. The
protection has allowed a significant growth of vegetation that further protects this shoreline.

root met (Fig. 4-3-7D). With continued
undercutting, the overhang surges with each
wave until large undulating peet blocksfindly
bregk off, supplying eroded organic detritusand
large pest blocks to the adjacent etuarine floor
(Fig. 4-3-5). Erasion of marsh peat shordinesis
one of the major sources of fine organic detritus
that formsthe organic-rich mud sediments
within the euarine central basins

The landward side of these marshesis
usudly in acongructive mode with the marsh

migrating onto the adjacent upland aress as sea
leve riges (Fig. 4-3-5). Thus, asthemarshesare
eroded on the estuarine Sde, they are generdly
expanding onto low-doped uplands on the
landward sde. Rising sealevel causesthe
groundwater level torise, stressing and findly
drowning the lowermogt line of upland
vegetation. The marsh accumulates pest
Sediment to dlow the vertical growth of grasses
to keep up with sealevel. Thisverticd growth
resultsin the marsh encroaching upon the upland

and burying the old sumpsand logsinthe
processes (Figs. 4-3-5; 4-3-6A, 6B). Landward
expangon of the marsh continues until the
upland dope becomestoo steep or the upland is
filled or hardened for development (Fig. 4-2-
4D). Then marsh expangon isterminated, and
futurerisein sealevel will result inanet loss of
marsh habitat.

The back-barrier estuaries of the Southern
Province and areas around theiinletsin the
Northern Province are characterized by high-
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FIGURE 4-3-5. Schematic model of a marsh platform shoreline. This type of marsh occurs extensively in the Northern Province where the
astronomical tides are minimal and wind tides dominate. These flat marshes generally maintain a steady-state condition in response to rising sea
level. The marsh itself and the landward side are generally constructive as it responds to rising sea level by the vertical accretion of organic matter
and contemporaneous migration upslope. Sea-level rise stresses and kills the upland vegetation that is replaced by the rising marsh vegetation,
systematically burying the upland stumps and logs beneath the rising marsh. High wind tides flood the marsh, but wave energy is quickly baffled by
the marsh grasses. However, low wind tides allow wave energy to break directly on soft peat beneath the modern root mass, causing severe
undercutting of the bank and ultimately break off large peat blocks. Thus, the seaward side of marsh is generally in a destructive phase with
recession rates totally dependent upon the fetch and amount of wave energy. The radiocarbon age dates are from the marshes at Wanchese on the

south end of Roanoke Island (Benton, 1980).

brackish sdlinity and are regularly flooded by
adronomicd tides. The st marsh grass
generdly grows aong the upper portionsand
tops of doping banks between the mean+ and
high-tide lines. St marsh cordgrass and sdlt
meadow cordgrass (Spartina alternifloraand
Spartina patens) form the dominant vegetation
inthese sdt marshes

Below the meen tideline and extending
into the adjacent tidal channels are widespread,
low doping, mudflats and sandflats (Figs. 4-3-
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8B, 8C). Thelower portions of the marsh and the
flats are often covered with vast reefs of oysters
(Fig. 4-3-8D). The marsh vegetation grows on
the upper portions of these low doping ramps,
whereit actively traps sediment and huildsthe
shordline out into the estuary.

The highly protected character of these
narrow back-barrier etuaries, in concert with the
adtronomica tides, result in the congtructive
growth and expansion of the sdt marshes
through myriads of tiddl channdls. Sedimentsare

actively trangported into and deposited within
the estuaries. Sand and shell gravel are
concentrated within the channels, while mud is
deposited from suspension on the mudflais and
marshes by filter-feeding organisms and the
baffling effect of the grasses. Organic matter is
contributed from the marsh grassesto produce
sediments thet range from muddy and sandy
peet to pety mud and sand. It isonly the shifting
of naturd tidd channelsthat causelocal erosion
dong oneside of the channd, whilethetrailing
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FIGURE 4-3-6. Photographs of fresh to brackish, irregularly flooded, fringing marsh shorelines. PANEL A. A highly vegetated, low sediment bank
shoreline with a fringing marsh composed of freshwater grasses. PANEL B. A highly vegetated, very low, sediment bank shoreline with a fringing marsh
composed of fresh water grasses. The effects of ongoing sea-level rise are obvious as the old-growth pine are stressed and ultimately die by drowning
and are systematically replaced by more water-tolerant transition zone shrubbery and finally by the marsh grasses. PANEL C. The low sediment bank
shoreline, dominated by upland vegetation, is fronted by a broad strandplain beach, with a fringing marsh composed of Spartina sp. and transition
zone plants. The sand that forms the beach was derived from an eroding shoreline in back of the photograph. Notice the interdependence between
the cuspate geometry of the beach and growth of marsh grasses. The marsh grows on the shallow sands on cusp edges, which in turn traps
additional sediment, causing the increased growth of the cuspate structures. PANEL D. The shallow waters of this tributary estuary developed a wide
fringing, brackish water marsh composed of Juncus roemerianus. The fringing marsh has completely filled the shallow perimeter platform to the
channel, which is the original stream channel that concentrates the water flow and is too deep for growth of the marsh grass.

Sde experiences congructive marsh growth. On -~ components. Combination shorelines occur combinationsthat are beneficid to dowing the
the other hand, congtruction of navigation throughout the estuarine sysem and in &l rate of shoreline recession. For example,
channdlsand the resulting boat wakes, cause vaiations, extending from the pureend sediment bank shordineswith wide strandplain
severe marsh shordline erosion dong both membersto completely mixed combinationsof  beachesin the upper reaches of trunk and
channd sides. multiple types of sediment banks and organic tributery estuaries often contain afringe of
shordline sysems. Further complicationsoccur — cypresstrees (Figs. 4-3-4C, 4D). Smilar
4.4, COMBINATION SHORELINES when agiven shordineismodified by humans  shordlinesin the middle to outer estuarine
who ether build structures, add new materidsor  reeches develop marsh fringesin aress where the
Many shorelines are composed of both dter the landscape geometry. shordlineis somewhat protected (Fig. 4-3-6C).
sediment banks and associated organic Many strandplain beechescontannaturd ~ Organic components aong sediment bank
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FIGURE 4-3-7. Photographs of low brackish, irregularfy flooded, and wave-dominated, platform marsh shorelines of the Northern Province.
PANEL A. An oblique aerial photograph shows the broad platform marsh composed of Juncus roemerianus encroaching upon the back side of the
high and wide barrier island behind Nags Head Woods. Notice the elongate ridges and small circular hammocks scattered through the marsh and
characterized by dark green upland vegetation. These hammocks are the high points on the paleotopographic surface that is being drowned and
buried by the marsh in response to ongoing sea-level rise. Jockey’s Ridge, an active back-barrier sand dune, is visible in the distance. PANEL B. An
oblique aerial photograph shows a portion of the broad expanse of Juncus roemerianus marsh in the Cedar Island National Wildlife Refuge. Notice
1) the bright green rim of Spartina alterniflora marsh grass that forms the outer zone adjacent to the waterway and 2) hammocks in the marsh
characterized by dark green upland vegetation. PANEL C. Ground-view photograph of a broad Juncus roemerianus platform marsh at mean water
level. The marsh shoreline in the foreground has a 3- to 5-foot deep vertical erosional scarp below the water with an extensive undercut just below
the water surface. Notice in the distance the obvious effects of ongoing sea-level rise as all the older growth pine became stressed and died by
drowning and have been replaced by more water-tolerant transition zone shrubbery. PANEL D. A close-up view of an eroding platform marsh
shoreline. The surging wave energy erodes the softer peat below the exposed peat ledge, which consists of a dense root mass of the modern
Spartina alterniflora. As the undercut becomes more extensive, the surface root mass begins to move with each wave until a large block finally
breaks off (see Figure 4-3-5).

shorelines buffer wave energy and help protect remnant forests of pine sumpsin the water. many obstructionsthet require boatersand

the adjacent shordinein dl but the largest Since pine trees have a deep tap roat, the swimmers to beware. However, remova of

sorms. sadiment isfrequently washed out fromaround  theserdlict forestswill result in theimmediate
Very low sediment bank shorelinesare the stump asthe shoreline recedes, leaving a increasein rates of shoreline recesson.

extensvein the outer portions of the mainland ghodtly tangle of stumps, rootsand logsinthe Likewise, any organic shorelinethet hasa

peninsulas and are frequently dominated by shdlow offshore (Fig. 4-3-3D). Thisresultsin source of sand can develop asmall strandplain
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FIGURE 4-3-8. Photographs of high-brackish, regularly flooded marsh shorelines and associated tidal mud flats of the Southern Province. PANEL A.
An oblique aerial photograph of the extensive Spartina alterniflora marsh that fills Topsail Sound behind the simple overwash barrier island in the
distance. Since the photo was taken at summer high tide, the marsh grass is very green, the tidal creeks are totally filled with water, and all mudfiat
environments are submerged. PANEL B. Groundview of an extensive Spartina alternifiora marsh that fils the sound behind Sunset Beach. Since the photo
was taken at winter low tide, the marsh grass is very brown, the tidal creeks are almost empty, and the vast mudflat environments are well exposed.
PANEL C. A close-up view of the Spartina alterniflora marsh, associated mudflats and tidal channel in the previous panel. PANEL D. A close-up view
of the abundant oyster reefs that occur on the mudflats and extend into the lower portion of the marsh in the previous panels. None of these oysters
are edible due to high pollution levels resulting from extensive development and associated stormwater runoff and septic discharge.

beech (Fig. 4-3-1). Sand is often derived from
the erosion of adjacent sediment bank shorelines
and transported laterdly by longshore currents.
Sand a0 can be derived from theerosion of a
particularly sandy unit underlying the shdlow
perimeter platform. The presence of asand
gpronin front of either aswamp forest or a
marsh shordine will help absorb wave energy
and protect the organic shordinein dl but the
largest gorms.

4.5. BACK-BARRIER SHORELINES

4.5.A. Overwash Barrier Islands
Barrieridand segmentsthat arelow and
narrow with relatively minor amounts of new
sadiment supplied to the beach form smple
overwash-domineted barrier idands (Fig. 4-5
1A). Because these barriers are sediment starved
with little“new” sand being supplied to the
beach through time, they tend to be extremely
dynamic with common and extensive modern
and ancient overwash fansand old inlet flood-

tide deltas extending into the back-barrier
estuary. Examples of thesetypes of barrier
idandsinclude Masonboro, Figure Eight and
Topsail idandsin the Southern Province and
Core Banks and much of the northern Outer
Banks, including Ocracoke I9and, Buxton
Overwash and Pealdand (Fig. 4-5-2). The
overwash and inlet processes continuoudy
rebuild the back side of the barrier with new
shdllow water sand deposits that form platforms
for devel opment of back-barrier marshesand
grassflas
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Inthe Southern Province, the back-barrier
eduaries are dominated by astronomicd tidesand
are o narrow that the back-barrier shordine rarely
erodes. Rather extengve mud flats accumulatein
the low tide zone dong with extendve oyster refs,
and marsh grasses grow in the high tidal zone.
Minor eroson occurs dong thetidal channdsthat
dissect these complex mud flat and salt marsh
systems, asthey dowly migrate through time and
in response to changesin inlet and overwash
processes. Mgor erasion does occur dong
navigationad channds wherever they are dredged,
but especidly where they occur within the marsh
sysem. However, in generd these esuarine
shordines are extremely stable, and actudly are
congructive or building shorelines.

In the Northern Province, the back-barrier
shorelines associated with the vast Pamlico and
Albemarle Sound System are eroding dueto the
greet fetch of these open water bodiesas
evidenced by their severly scarped character.
Those shorelines dominated by overwash prior
to dune-ridge condruction in the late 1930s (Fig.
4-5-2A) arein agenerd Sate of erosion today,
partly due to human modification of the barriers
In an effort to hold theline and protect the
buildings and roads that occur within the narrow,
sadiment-starved barrier ssgments, barrier dune
ridgeswere systematically built and rebuilt to
prevent the overwash and inlet formation
processes. Consequently, there has been little new
sand delivered to the backside of the barrier to
renew these shordlines (Fig. 4-5-2B). Thishas
resulted in increased rates of shordlineerosion
and subsequent shoreline modification in an effort
to stop the erosiond processes. Similar processes
are happening dong Core, Roanoke and
Currituck sounds, but not so dramaticdly dueto
the amdler Sze of these water bodies.

4.5.B. Complex Barrier Islands

Complex barrier idands (Fig. 4-5-1B) are
common and include Shackdlford and Bogue
banks, and Bear and Brownsidandsin the
Southern Province and Kitty Hawk, Nags Head
and Buxton woods, and Hatteras and Ocracoke
villagesin the Northern Province. These barrier

Continued on page 52
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SIMPLE OVERWASH OR RETROGRADING
(TRANSGRESSIVE ) BARRIER ISLAND
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FIGURE 4-5-1. Schematic cross-sectional diagrams of simple overwash and complex barrier
islands and the associated back-barrier estuarine shorelines. PANEL A. Simple overwash barrier
islands are dominated by large overwash fans that form during major storm tide events and
produce wide and shallow sand habitats extending well into the back-barrier estuaries. These
shallow flats are quickly colonized by salt marsh that continues to trap sediment as long as the
overwash processes continue unhindered by either natural changes or human development
practices (i.e., building barrier dune ridges, roads, and extensive walls of buildings). If the latter
happens, the back-barrier estuarine shoreline may shift from one dominated by constructive
processes to one dominated by loss of marsh habitat through shoreline recession. See Figures 3-
3-1E and 3-3-1D, respectively. PANEL B. Complex barrier islands are high and wide with extensive
deposits of sand that prevent storm tides from washing over the top of the island. Thus, the back-
barrier estuarine shoreline has no direct connection with oceanic processes and results in estuarine
shorelines that are similar to the mainland estuarine system. See Figures 3-3-1B and 3-3-2.
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FIGURE 4-5-2. Comparison of aerial photographs from 1932 and 1999 for a portion of Pea Island immediately north of Rodanthe on the northern
Quter Banks. This sediment poor barrier island segment (Fig. 4-5-1A) was dominated by overwash processes that dramatically controlled the back-
barrier estuarine shoreline by depositing extensive overwash fans over the island and fan deltas into Pamlico Sound. PANEL A. The aerial photo of
this barrier island segment predates any shoreface modification, such as construction of barrier dune ridges, roads, and buildings that would have
inhibited the overwash process. The photos were taken after a major nor’easter in March 1932 by the Beach Erosion Board (1935) as background
data for a beach erosion study. Notice the massive overwash fan that deposited beach sediment across the entire island and into Pamlico Sound.
This renews the estuarine shoreline and produces broad shallow flats for subsequent growth of marsh and submerged aquatic vegetation. The 1932
aerial photographs are from the Field Research Facility of the U.S. Army Corps of Engineers, Duck, N.C. PANEL B. This barrier island segment has
been dominated by extensive barrier dune ridges since the late 1930s, which minimized oceanic overwash and allowed for the extensive growth and
development of a major vegetative cover. Today, the estuarine shorelines are dominated by eroding salt marsh with local and thin strandplain
beaches in coves between the peat headlands. The photo post-dates Hurricane Dennis, which had a major impact upon this coastal segment in late
August and early September 1999. Notice that the barrier dune ridge has been severely damaged and was totally eroded away in a few areas,
allowing for small overwash fans to develop. However, only in a few areas did overwash cover the roads and in no place did it get back to the
estuarine shoreline to naturally renourish the back-barrier beach. To what extent have our changes to barrier island dynamics accentuated the rate of
back-barrier estuarine shoreline erosion? The 1999 aerial photographs are from the N.C. Department of Transportation, Raleigh, N.C.
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idands contain large volumes of sand that
occur inold beach ridges and back-barrier
dunefields cregting high and wideidands. In
these Situations, oceanic overwash only occurs
aong thefront Sde of the barrier. Thus, the
back-barrier estuarine shordineislargdy
independent of oceanic processes and operates
inasmilar fashion to other mainland euarine
shoreinesthat respond to estuarine processes
as previoudy described. The back-barrier
eduarine shorelines on complex idands are
dominately eroded with wave-cut scarpsand
terracesin either older upland sediment units or
marsh platform peat. Strandplain beaches will
formif sand isavaleble from either the
eroding shoreline, the adjacent shalow
estuarine waters or wind blown off back-
barrier dunefidds. Lesswell-developed
complex idandsinclude the villages of
Rodanthe, Waves, Sdvo and Avon that are dso
characterized by typica estuarine shorelines.
Inthe Kitty Hawk Woods portion of Kitty
Hawk (Fig. 4-5-3), neither inletsor modern
overwash have occurred. Both panels of Figure
4-5-3 show an extensve sries of beach ridge
and swale gructuresthat formed Kitty Hawk
Woods. Thewoods are fronted by amgjor
back-barrier dunefidd that is il activeinthe
1932 aexid photograph (Fig. 4-5-4A), and then
the modern overwash barrier idand occurs
from N.C. Hwy. 158 and esstward to the
Atlantic Ocean (Fig. 4-5-4A). Condruction of
N.C. Hwy. 12in 1932 and theinitid barrier-
duneridgein the late 1930s, in concert with
subsequent development, hasled to mgjor
dabilization of the back-barrier dunefield and
gpparent elimination of modern overwash
processes (Fig. 4-5-4B). However, asa
consequence of the latter, the human
condructed barrier-dune ridges, ocean-front
houses and coagtdl road arein aserious, no-win
conflict with ocean gorm dynamics, asis
clearly evident in comparing the ocean fronts
inthe 1999 and 1932 agrid photographs
(Fig. 4-5-4).
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FIGURE 4-5-3. PANEL A. A 1983 infrared aerial photograph of the complex barrier island in the
Kitty Hawk area of North Carolina. The photo shows the many beach ridges that constitute Kitty
Hawk Woods fronted by a back-barrier dune field and the modern beach prism. Infrared aerial
photograph was flown on 4/24/1982 by the High Altitude Program of the U.S. Department of
Agriculture. PANEL B. Map shows the interpretation of individual beach ridges and sequence of
the seven beach ridge sets for the Kitty Hawk Woods by Fisher (1967).
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FIGURE 4-5-4. Comparison of the
coastal portion of a complex barrier
island (Fig. 4-5-1B) in the Kitty Hawk
area using aerial photographs from 1932
and 1999. Due to the high and wide
character of this complex barrier island
segment, ocean processes do not
influence the estuarine shoreline. Rather,
it totally responds to estuarine erosion
dynamics similar to the rest of the North
Carolina estuarine system. PANEL A.
The aerial photo of this barrier island
segment just postdates the construction
of N.C. Hwy. 12, but predates any
shoreface modiffication such as
construction of barrier dune ridges and
most buildings. The photo was flown
after a major nor’easter in 1932 and
was done for the Beach Erosion Board
(1985) as background data for a beach
erosion study. Notice that overwash is
restricted to the modern beach prism,
which extends to slightly west of N.C.
Hwy. 12. The limited overwash fans
subsequently supply sand for
development of the back-barrier dune
field, which nestles up against the beach
ridge system and maritime forest of Kitty
Hawk Woods. The 1932 aerial
photograph is from the Field Research
Facility of the U.S. Army Corps of
Engineers, Duck, N.C. PANEL B. This
barrier island segment has been
dominated by the barrier dune ridges
and ever increasing urban development
since the 1930s, both of which prevent
oceanic overwash. The photo postdates
Hurricane Dennis, which impacted this
coastal segment in late August and early
September 1999. Recent storm activity
has totally eroded away the barrier dune
ridge through most of the area, as well
as eliminating many ocean front houses.
The 1999 aerial photograph is from the
N.C. Department of Transportation,
Raleigh, N.C.
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CHAPTER FIVE:

Estuarine Shoreline Brosion Processes

A rapidly eroding low sediment bank shoreline has
abandoned this tell-tale pine stump along the south
shore of the Neuse River estuary. The stump stands
on its deep tap roots, while the shallow lateral roots
demonstrate the former soil surface location. This
broad sand beach is derived from the eroding
Suffolk Scarp, an ocean shoreline formed during a
previous interglacial period when sea level was
higher than present. Photograph is from the Pine Cliff
Recreational Area in Croatan National Forest.
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CHAPTER FIVE:

Estuanne Shoreline Brosion Processes

5.1. SHORELINE EROSION VARIABLES  producing about 4,000 miles of estuarine
shordine. Over 3,000 miles of estuarine
shordlines occur within the vast Albemarle-

Pamlico sound system of northeastern North

keep up with risng sealevel. Within thisregion,
shordine eroson is savere only withinthe
drowned-river estuaries such as the Cape Fear,
New and White Oak rivers and dong the ICCW

5.1.A. Physical Setting of Coastal
Segments

Evolution of both the North Cardlina Cardlinaand are generdly dl in agtate of and asociated navigationd channels.
Coagtd Plain and present coagtd system have shoreline recession (see Chapters 7 and 8). The amount and rate of eroson for any
included higtories of traumatic and congtant Mogt of the estuarine shorelines south of coagtd segment is dependent upon the physical
change This evolutionary change continues Bogue Sound are extremely narrow, shdlow and  setting of that particular shoreline segment

filled with sdt marshes and associated mud flats.
These shordines are generdly not eroding asthe
marshes and flats verticaly accrete sediment to

today asit hasthroughout our past. Ongoing seer
leve rise has drowned the highly irregular
drainage basin topography of the Coadtd Plain,

(Teble 5-1-1). Thesize and location within the
eduarine water body, aswell asthe spdtia
geometry of the shordineitsdlf, are critica

Table 5-1-1 Shoreline Erosion Variables

Definition of major estuarine shoreline erosion variables. Table is modified from Riggs et al. (1978.)

SHORELINE POTENTIAL FOR EROSION
VARIABLES DEFINITION Low HIGH
1. Fetch Average distance of open water in front of shoreline  Short Fetch Long Fetch
(< 1,000 ft) (miles)
2. Geographic Location Location within the sounds, trunks or tributary S Province N Province
estuaries, and within the northern or southermn or Head of Sounds or
province, etc. Tributary Estuaries Trunk Estuaries

3. Offshore Bottom Character

Water depth and bottom slope in the nearshore area

Shallow, Gradual Slope Deep, Steep Slope

(<21t >2f)
4. Geometry of Shoreline Shape and regularity of shoreline Highly Iregular, Straight or on
or in Cove Headland
5. Height of Sediment Bank Bank height at shoreline or immediately behind High (> 5ft) Low (< 51
sand beach
6. Composition of Sediment Bank Composition and degree of cementation of Rock, Tight Clay Uncemented
pank sediments Sand, Peat
7. Fringing Vegetation Type and abundance of vegetation Very Abundant, Dense  Absent

8. Boat Wakes

9. Storms

(@quatic plants, marsh grasses, shrubs, trees, etc.)
occurring in front of sediment bank

Proximity of property to, frequency and
type of boat channel use

Storms are the single most important factor
determining specific erosional events

Absence of Boats

Marinas, Intracoastal
Waterway

Type, Intensity, Duration and Frequency of Storms
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components of erason dynamics. Parameters 1
through 6 in Table 5-1-1 represent different and
messUrable geographic components for any
given estuarine shoreline ssgmen.

5.1.B. Fringing Vegetation

Naturd vegetation, parameter 7in Teble
5-1-1, often forms the mogt effective protection
from erosion (see Chapter 4-3). Vegetation
aong the shoreline may occur as zones of trees
and shrubs, fringes of marsh grass or tangles of
deed brush and logs. Zones of fringing
vegetation in the nearshore water or onthe
beech effectively absorb wave energy during
high water events dow down rates of shordine
recesson, and act asnaturd breskweters,
bulkheads, and groinsthat trap and hold sand.

However, developers and landowners
often attack the vegetation, particularly if itis
dead. They cut, dear and remove thetrees,
shrubs, sumps, logs and snagsto obtain aview,
improve the swimming and diminate sneke-
infested habitats. This clearing process
dramaticaly changesthe shallow-water habitets
and dwaysincressesthe rates of shoreline
erosion, enauring the future need for artificid
bulkheading or other eroson-control measures.
A large proportion of estuarine shordline thet
has been and is being devel oped has now been
human modified. This represents amassive
changein critical shallow-weter hebitats.

Submerged aquetic vegetation (SAVS)
commonly grows attached to the bottom in
shdlow watersin front of sediment bank
shordines. SAVs effectively dampen wave
energy as the waves move through shallow
water towards the strandplain beach. However,
these are usudly not the wavesthat cause
shordline erosion. Rether, waves associated
with mgjor sorm tides directly erode the
sadiment bank asthe rising water level
overstepsthe beach. During high water
conditions, these SAV's become less effectivein
absorbing wave energy.

Marsh platforms or fringing marshesin
front of sediment bank shordines generdly act
asvery dfective energy beffles during high
gorm-tide conditions. Since marsh grasses
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grow in the high tide portion of both regularly
andirregularly flooded coadtd systems the
plants are capable of baffling much wave energy
indl except the highest form tide Stuations.
Thus, little wave energy getsto the sediment
bank behind the marsh habitats.

5.1.C. Boats and Shoreline Erosion

All shordlines adjacent to navigetiond
channelsthat carry significant boat traffic will be
characterized by higher rates of shoreine
eroson. Thisisparticularly true of the|CWW
and other deep channelsthat carry large amounts
of commercid traffic, aswell as abundant high-
powered recregtiond boaters. These vessdls
displace large volumes of weter and cregte large
wikes that repestedly bregk on the adjacent
saediment bank, marsh, or swampforest
shorelines.

The population boom asociated with the
explosion of coagtd urbanization and tourism
throughout the coagtdl zoneis causing increasing
cumulative impacts on the loss and modification
of specific coastd habitats. With ever-incressing
growth, more shordines are being dleared and
dablized, and shallow waters dredged for
navigation channels and marinas, wetlandsfilled
and channdlized, and land surfaces paved for
buildings and parking lots. All of these activities
modify the land surface and dter adjacent
shdlow water habitets

The booming boating industry pardlelsthe
growth in development and tourism. Everyone
wantsadock or amarinawith the boat close a
hand. Thisisaprime reason for having aplace &
the coadt. Boatsin shallow coadtd waters
generdly require asystem of navigationd
channds— which means dredging initia
channels— followed by regular maintenance
dredging. Channe dredging Sgnificantly dters
the morphology of the shallow-water habitats
thet affectsthe water circulation system, benthic
habitats and marsh hydrology. Thus, channel
dredging isacritical component in making our
shdllow-water estuaries navigable, but dso
resultsin the ever-incressing role of boat wakes
asan important processin shordine erasion
throughout the estuarine system.

5.2. STORMS, STORM TIDES AND
COASTAL EROSION

5.2.A. Storms and Coastal Erosion
Mogt shoreline erosion does not occur on aday-
to-day bad's, but rather isadirect product of high-
energy storm events. Consequently, in any
Specific location, eroson isaprocessthet is
extremely variable from year to year and depends
upon the following dimatic conditions.

1. Storm frequency

2. Sormtypeand direction

3. Storm duration and intengity

4. Resulting gorm tides, currents and waves

5.2.B. Storm Tides in Northern Province
Estuaries

Many of the estuaries within the Northern
Province tend to be large, open water bodieswith
minimal astronomical tiddl fluctuetion. Dueto the
large fetch, in combination with their shallow-
water basind geometry, these esuaries are
dominated by storm-tide processes (Fig. 2-2-1)
thet lead to serious coagtd erosion problems.

Between the Virginialine and Cape
Lookout, there are four outletsto the Atlantic —
Oregon, Hatteras, Ocracoke and Drum inlets
Oregon Inlet isthe northernmogt outlet to the
Atlantic Ocean, and it occurs south of Roanoke
Idand. Albemarle and Currituck sounds are
hydrodynamically coupled with Pamlico Sound
through Croatan Sound (Pietrafesaand Janowitz,
1991). Consequently, the entire riverine drainage
system flowing into Albemarle and Currituck
sounds and including the Roanoke, Chowan,
Pasguotank, and Dare Peninsuladrainege basins
(Fg. 2-1-1), must flow through Croatan to
Pamlico Sound and exit through Oregon Inlet.

Thus, Croatan Sound playsacriticd rolein
the overdl estuarine circulation system (Singer
and Knowles, 1975; Pietrafesaet d., 1936;
Pietrafesaand Janowitz, 1991; Lin, 1992).
Currents near the surface and bottom of Croatan
Sound are primarily wind driven. The amount of
water flushed during any wind event isdrictly a
function of wind intengity and duration. North
winds cause the water to flow from Albemarle
Sound through Croatan Sound into Pamlico
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Sound — and with south winds— the water Thewind beginsto blow, wavesform andwave  erode the shoreline and cause property damage

flow isreversed. szeincreasesthroughtime. Asthewind builds, o docks, marinas and inland structures. The
Storm winds reedily push the water thewater currents begin to moveinthedirection  doped water ramp will be maintained aslong as

around, blowing it out of upwind aressand of thewind flow, lowering thewater surfacein~ thereisawind holding it up. When thewind

piling it up againg the opposite, downwind the upwind direction and raising the water diminishes, the water will flow back down the

shordine aslarge water rampsor sormtide (Fig.  surfacein the downwind direction and causing ramptoitsorigind flat surface.

5-2-1). With no wind, the estuarine water surface  flooding of the adjacent lowlands. Thewind The doped water surfaces, or torm tides,

isafla, smooth surface without wavesor dope.  waveson top of thisdoping ramp, or sormtide,  within the shallow estuaries of northeastern
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FIGURE 5-2-1. Model of estuarine storm tides in the North Carolina sounds that form in response to different storm events. Wave energy
superimposed upon both high- and low-storm tides is the primary process driving estuarine shoreline recession. This model is based upon the
physical oceanographic studies of Pietrafesa et al. (1986), Pietrafesa and Janowitz (1991), and Lin (1992). PANEL A. High-storm tides occur along
southern shores in response to events dominated by northeast, north, or northwest wind directions, whereas low-storm tides occur along the
northern shores. PANEL B. High-storm tides occur along the northern shores resulting from events dominated by winds from the west, southwest,
or south wind directions, whereas low-storm tides occur along the southern shores.
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North Carolina determine both the weter level and
wave height. Consequently, storm tides resulting
from mgjor sorms are regiond eventsthat
generdly contral the timing, location and rates of
shordline recession within the etuerine system.
For example, astrong nor’ easter blows much of
the water out of the Currituck, esstern Albemarle,
Roanoke and Croatan sounds and into southern
Pamlico and Core sounds. Thisresultsin low tides
in the northern regions and high tides and flooding
in the southern regions. In thisexample, the
flooding region is characterized by high weter
overstepping the sand beach, causing the wavesto
break directly on and erode the sediment bank.
However, marsh shordlines experiencelittle
erosion because the high sorm tide overstepsthe
shordline, with the wave energy being rapidly
baffled and dissipated by the marsh grass.

In contrast, on thelow tide Sde of the
eduarine system, Sgnificant wave energy will
impect the north- and eadt-facing shordlines.
However, on the sediment bank shordlines, the
water surface recedes lower on strandplain
beaches or onto the outer wave-cut terrace, where
the energy is expended harmlessly. However, on
marsh shorelines, the low tide drops water level
bel ow the tough root mass of the modern marsh
grass, causing wavesto bresk againg the
underlying, older and softer peet sediment. This
resultsin severe undercutting, with large blocks of
marsh pegt ultimately bresking off.

5.2.C. Hurricane Storm Tides

Storm tides happen whenever amgjor storm
asociated with aweether front blows through, or
ahurricaneimpacts the North Carolina coest. The
resulting estuarine storm tide is dependent upon
theintengty, duration and direction of movement
of each gorm. Frontd sorms (i.e, nor' easters) are
characterized by windsthat range from 25t0 50
mph. Wheress, tropica depressonsand
hurricanes will typically come ashore with winds
in condderable excess of this. Consequently,
frontd sorm tides generdly rangefrom 2to 5 feet
above MSL, wheresstropica Sorms canrange
upwardsto 10to 15 or more feet above MSL.

Evenif ahurricane moves offshore of the
barrieridandsin agenerdly coagt-pardld fashion
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without making direct landfall, the winds can
creste major euarine sorm tides. For example, in
1993 Hurricane Emily grazed Cape Hatteras with
sugtaned winds of 92 mph asit traveled
northward (Barnes, 1995). The counterclockwise
windsof this gorm blew the watersfrom the
northern sounds southward across Pamlico Sound
and piled it up in the bend behind Cape Hatteras
(Fg. 2-2-1). A maximum orm tide of 10.5 feet
above MSL occurred between Buxton and Avon
and decressad gradudly to the north and south.
Emily caused severe sound-side flooding,
eduarine shordine eroson and major wind
damage to Buxton maritime foredt.
Hurricanesthat make adirect landfdl across
the coadt in the Southern Province have a
sgnificant impact upon the eduarine waters
throughout North Caralina. In 1996, Hurricanes
Berthaand Fran made direct landfal between
Wrightsville Beach and Ondow Beech (Fig.
2-1-2). The esuarine gorm tidesin the landfall
areawere rdated to the ocean-sde gorm tide that
reedily spilled over the barriers and poured
through the numerousinlets. The back-barrier
eduariesrecaved gorm tidesthat were up to
14 fect above MSL. However, the energy of these
flood waters had been significantly diminished
from that experienced on the ocean Sde dueto the
barrier idand buffering effect, rdatively amdl Sze
of the estuaries and abundance of vegetation.
Thesetwo sormsaso had asignificant impact
upon the trunk estuariesin the Northern Province.
The counterclockwise winds dong the north Sde
of the sorms blew the water wesward in the
trunk estuaries. Thisresulted in gormtidesup to
10 feet bove MSL, with Significant waves
superimposed upon the water ramp (Fig. 5-2-1)
thet serioudly flooded and battered the upper
reaches of the Neuse and Pamlico River esuaries.
Hurricanesthat crossthe Northern Province
coagt inany direction produce estuarine sorm
tidesthat dosh back and forth, impacting both the
inner and outer portions of the estuaries. The
initid windswill often blow the waters up the
eduaries, producing low-wind tides dong the
barrier idands and high-wind tidesin the upper
reaches of the trunk estuaries. Asthe storm passes
and sorm winds come from the opposite

direction, thereisarapid back flow of high water,
resulting in catastrophic coagtd consequences on
the barrier idands. Higorically, storm tides or
“walls of water” that are 10 feet or higher have
roared back upon the Outer Banks asthe hurricane
passad, wrecking havoc on the sound Sde and
often blowing open new inletsthrough the barrier
idands. Infact, thisisthe mogt probable origin for
many inletsthrough the Outer Banks

Coagtd flooding by st water has numerous
conseguences. SAlt water istoxic to dl freshwater
plants. Consequently, sorm winds containing salt
Soray and sty flood waters may either kill the
vegetation directly, or sressit to the point thet it
becomes vulnerable to pog-storm diseases.
Whether flooding occursin the outer or inner
eduary determines how sty the water is. The
stier thewater is, the greater theimpact will be.
Both the salt water and the high-energy waves
from extremely large storm tides may severely
impact the trees and shrubs thet occur inthe
vegetative fringesthat occur dong many sediment
bank shordlines. Killing and eroding this
protective vegetative fringe commonly reectivates
the erosona processes dong atemporarily seble
shoreline.

Six hurricanes directly impected different
portions of the North Carolina.coast between 1996
and 1999. Depending upon the specific track of
each hurricane, sorm surges ranged up to 12 feet
high within the estuarine areas for severd of these
storms. Even though shoreline erosion took place
throughout the estuarine system, the hurricane
storm surge and resulting erosion was the grestest
inthe narrow upper reaches of the estuarine
sysdtem, where normdl erosion rates are generaly
the lowest due to amdll wind fetches.
Consequently, severe eroson was experienced in
the New Bern and Washington regions where
shordine eroson locdly ranged from 10sto 100s
of feet.

All of the sorms resulted in magjor estuarine
shordline eroson. However, it was the cumulative
impact of multiple sormsthet resulted in
extremely severe erosion in the upper reaches of
the trunk estuaries. Thefirgt sorm took out alot of
vegetation on srandplain beaches, increasing the
exposure of adjacent sediment banks. Large Sorm



surges of subsequent sorms overstepped the
grandplain beach and severdly undercut and
eroded the high banks and bluffs. This, in
combination with saturated ground from heavy
ranfal and high winds, caused massve dumping
of the sediment banks onto the beech. Also, the
saturated ground and high winds severely
impacted swvampforest shorelines blowing over
many shalow-rooted trees dong the outer edge.

Shordinesthat had previoudly been
bulkheaded and rip-rapped were not immuneto
shoreline eroson problems resulting from these
storms. Frequently, the structures were underct,
Sdeflanked or overtopped, severdly eroding the
land from behind the Sructure and often
degtroying or at least damaging the structure itself.
Unprotected properties adjacent to previoudy
protected properties suffered major land losses that
was accentuated asthe protected property acted as
aheadland focusing much of the eroding energy
into the adjacent land, resulting in development of
covelike shordline festures.

5.2.D. Storm Tides in Southern Province
Estuaries

Within the southeastern North Caralina
eduarine system, the principle forcing functions
for water motions are astronomica tidal exchange
through the numerousinlets and river dischergein
decreasing order of significance. Dueto the
narrow geometry of the estuaries and the
abundance of mudflat and marsh habitets, normd
wind tides and waves are a aminimum within
these coadtd systems. However, storm tides
associated with mgjor oceanic sorm surgesare
extremdy important in the shordline dynamics as
previoudy described.

FIGURE 5-2-2. PANEL A. Satellite image of
Hurricane Isabel as it approached the North
Carolina coast as a minimal category 2 storm
on September 18, 2003. PANEL B. The track
of Hurricane Isabel as it came ashore in the
vicinity of Ocracoke Inlet and tracked inland
along a northwest course. Both images are
from the U.S. National Weather Service Web
site at N.C. State University, Dept. of Marine,
Earth and Atmospheric Sciences, Raleigh, NC.
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CHAPTER SIX:

Major Cause of Estuanne Evolution
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CHAPTER SI1X:

\Vajor Cause of Estuarine Evolution

6.1. SEA-LEVEL CHANGE AND
COASTAL EROSION

Undergtanding estuarine shordline erosion
inthe North Carolina.coastd system requires
congderation of processes operating at severd
different spatid and tempord scaes. Spatid
scaesrange from globd to specific coastal
regions and drainage sysems, whiletempord
condderations range from millennia-scae
eventsto individua storm eventsand daily
cycles This section considers the millennid to
centennid or long-term events that are driving
large-scale changes within the coagtd system,
including changesin globd dimate and sea
level.

Thelong-term processes of climate and
searlevel change produce the disequilibrium
that resultsin the dow and systematic
reshaping of the North Carolina coadtd sysem
by individua hurricanes and northeast gorms.
Risng sealeve dowly and sysematicdly
floods up the stream v leys and adjacent land
dopes. However, it iswave energy during
sormsthat physicaly erodesthe shorelineand
movesit further landward in response to rising
sealeve. A faling sealeve resultsinthe
abandonment of an old shoreline asthe contact
between weter and land dowly migrates
saward.

6.2. QUATERNARY PERIOD OF
GLACIATION

The Quaternary period of geologic time,
thelast 1.8 million years of Earth history, was
dominated by multiple episodes of glaciation
and deglaciation resulting from extreme
episodic fluctuationsin globd climate. The
Quaternary isfurther subdivided into the
Pleistocene epoch, better known astheice age,
and the Holocene epoch, the last 10,000 years
of Earth higtory. The Holoceneisthe time of
warm globa dimates associated with the
ongoing interglacia episode and devel opment
of modern civilization.

6.2.A. Glaciation and Deglaciation

From about 10,000 to 20,000 years ago,
the Earth waslocked inthelagt of along series
of glacia episodesthat characterized thelast 1.8
million years of geologic higtory, referred to as
the Quaternary period of geologic time
(Williamset d., 1998). During thelast glecid
episode, massve glacid ice shedts, often up to
two milesthick, covered the northern half of
North America, Greenland, northern Europe,
northwestern Asia, mountainous portions of
South America, and Antarctica (Anderson and
Borns, 1994). In North America, theice shedts
extended southward to Cape Cod, Long Idand
and the Ohio and Missouri rivers, forcing the
dimate zonesto systemdticaly shift southward
(Bradley, 1999). During thisglacid episode,
North Carolinawas characterized by asparse
vegetative cover condgting of bored forest
species, including spruce, fir and jack pine
(Lamb, 1977; Nilson, 1983). The dimate was
cold, semiarid and dominated by severe torm
activity with drainage systems occupied by
braided riversand aedlian dunefidds. Sincethe
source of water to produce these land-based ice
sheets was derived from the world's oceans,
globdl sealeve waslowered by over 400 feet
worldwide Thisdrop in sealevel placed the
North Carolinaocean shoreline on the
continental dope between 15 and 60 miles
seaward of the present barrier idands, extending
the Coagtd Plain completely across the present
continenta shelf.

Magor periods of globa warming resulted
in periods of deglaciation when theice shedts
retreated and discharged the resulting meltwaters
back into the world's oceans. Thesewarm
climate periodswould result in worldwide rise of
the seato levelsthat were higher than the
present. Infact, if dl of the present glacid icein
Greenland and Antarcticawasto melt, sealevel
would be approximately 200 feet higher than it
isnow. Thiswould put the entire North Caralina
Coadtdl Plain below the ocean with the shordine
occurring goproximately dong Interstate 95
between Roanoke Rapids and Fayetteville The
drowned-river etuaries would extend up the
river valeysto Raeigh and adjacent Piedmont

regions. Such advances and retregts of the
gladid ice and the globd oceans have occurred
many times during the Quaternary period. In
fact, the surface sediments, soilsand
topography of the North Carolina Coagtd Plain
aredirect products of these mgor fluctuations
inthe Quaternary coagtd system.

6.2.B. The Holocene Interglacial

During the past 18,000 years, the Earth
has been witness to some of the most drameétic
changesin our long history (Fairbridge 1961,
1987, 1992; Lamb 1977; Imbrie and Imbrie
1979; Nilsson 1983; Pidou 1991; Anderson
and Borns 1994; Broecker 1994, 1995). These
changesincluded: 1) massive global warming;
2) refrest of vast continentd ice sheets; 3) over
400 foot risein globd sealeve; 4) northward
shift of dlimatic zones, and 5) extinction of
large animd species. Evidence now suggests
thet these dramatic changesin the Earth's
dimate and associated sealevel werergpid with
frequent and extreme oscillations (Lehman and
Keigwin 1992, Mayewski et d. 1993) In
addition, these fluctuetions often dictated the
path of human higtory (Lamb 1977, 1988,
Grove 1988), asthe world's population
exploded from scattered nomadic tribesto over
6 billion people today. Since modern
civilization is more dependent than ever upon
environmenta gability, it isimperative that
Society understands these mgjor environmental
shiftsduring the recent pest.

Thelagt Pleigtocene glacid episode ended
asthe Earth’'s dimate warmed, mlting theice
sheetsin both hemispheres. The glacid
meltwaters flowed back into theworld's
oceans, causng sealeve torise A dassic
Holocene seerleve rise curve (Fig. 6-2-1)
suggestsaunidirectiond risein sealevel that
Sarted a extremely high rates (about 6.6 feet/
100yrs) for amillenia, then dowed to moderate
rates (about 3.3 ft/100 yrs) until about 8,000
yearsago. At thistime the rate of seerleve rise
dowed dramaticaly to the present rates thet
ranged from 1.6 to 0.5 ft/100 yrs. Howevey, it
has been demongrated by many researchers,
indluding the authors, thet there were numerous
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brief periods during this history when sealevel
actudly stopped rising and even tempordly
dropped.

During the glacid maximum (Fig. 6-2-1),
the North Carolina coast would have been about
400 feet lower than present. The shorelinewas
located below the edge of the continenta shelf or
between 15 and 60 miles east of the present
shordine. Thus, during the pagt 17,000 years, the
North Carolina coadt retreated landward with
shordline recession ratesthat ranged from an
average of 5 ft/yr a Cape Hatterasto an average

of 19ft/yr a Topsall Idand. The shordine
recession rates for North Carolinathrough most
of the 17,000 year pogt-glacid higory are
dightly grester then current average rates of
coadtd retreat which range between 3to 10 ft/
yr (Benton et d., 1993).

6.2.C. The Modern Coastal System and
Ongoing Sea-Level Rise

Modern history beginswith the North
Cardlinashoreline 15 to 60 miles seaward of
and over 400 feet lower then the present

shordine (Fig. 2-2-1). The North Cardlina
Coagtd Plain was Sgnificantly larger than
presently, with the entire continental shelf
characterized by vegetation, animasand
flowing rivers. Figure 6-2-2A isacontour map
on top of the Plestocene sedimentsin Pamlico
Sound based upon severd hundred miles of
high resolution seismic profiles, 44 vibracores
and 28 radiocarbon age dates Thisisan
example of the database that exigsfor the entire
northeastern North Carolina upon which the
recongruction of paleodrainege basinsin

IPCC (2001) PREDICTED MAXIMUM RATE OF GLOBAL
SEA-LEVEL RISE = 0,88 M (2.8 FT) 2100

IPCC (2001) PREDICTED MEAN RATE OF GLOBAL
SEA-LEVEL RISE = 0.45 M (1.61 FT) 2100

PRESENT RATE OF SEA-LEVEL RISE IN
HORTH CAROLINA = 0.31 M (1.0 FT) PER CENTURY ——
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FIGURE 6-2-1. Generalized sea-level curve for the last 40,000 years of Earth history, including the late Pleistocene, Holocene (the last 10,000 years),
and extending 100 years into the near future. The 40,000-year curve is modified from Curray (1965) and the near future curve is based upon data
from IPCC (2001). Three potential curves are plotted for the near future and represent predictions that are dependent upon how fast global warming
becomes a major factor in the Earth’s climate. These curves represent worldwide sea-level rise that will result only from global climate change and do
not include sea-level rise from other regional factors, such as changes due to land subsidence or uplift, etc. Therefore, the three curves are
conservative and only represent the extent to which climate change will accelerate the rate of sea-level rise. The solid or most conservative line is
similar to what the IPCC (2001) considers its “business as usual” sea-level prediction. This plot is approximately equal to the ongoing rate of sea-level
rise for North Carolina, based upon tide-gauge data over the past decades (see text and Figure 6-3-2). The middle curve is the IPCC (2001) predicted
mean rate, and the upper curve is the predicted maximum rate of global sea-level rise that will result from global warming.
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Figure 6-2-2B isbased. Thisrecondruction
depictsthe paeo-drainage thet existed from a
least 20,000 t0 8,000 yearsago in the area of the
present Outer Banks and Albemarle-Pamlico
eduaine sysem.

Asthe glaciersbegan to mdlt and recedein
reponse to thewarming climate a the end of the
ice age, the metwaters began to raise globd sea
leve (Fig. 6-2-1). Thisrisng sealeve caused
the shordline and coagtd system to migrate

upward and westward throughout much of the
Holocene. The flooding process caused the
coadtd system to migrate across the continental
shdlf toits present location (Fig. 2-2-1). The
estuaries formed asthe rising seaflooded up the
topographicaly low river and stream valeys,
garting about 8,000 years ago.
TheAlbemarle-Pamlico eduarine system is
alarge system of drainage basinsthat have been
drowned in their lower reaches by rising sea

CONTINUED:

leve (Fig. 2-1-1). The drowned-river
embayments have been flooded by the ongoing
post-glacid risein sealevel. Sediment from
saediment-laden riversistrapped and
accumulated through timeiin these coastdl
basins Theresult isathick sequence of shalow-
water sediment depositsthat record acydica
evolutionary higtory with periods of coastd
deposition (high sealevel during interglacia
periods) dternating with episodes of erosion
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FIGURE 6-2-2. PANEL A. Structure contour map on top of the late Pleistocene within Pamlico Sound. The contours are based upon high-
resolution seismic data in concert with the analysis of 44 vibracores (up to 10 m deep). Many vibracores were obtained in the thalweg of Pamlico
Creek and associated tributary streams active during the last glacial maximum (see Fig. 6-2-1). Notice how the modem bathymetry of Pamlico
Sound mimics the paleodrainage system. PANEL B. Reconstruction of the paleotopography and paleodrainage system in northeastern North
Carolina during the last Pleistocene glacial maximum. This is what North Carolina looked like between 25,000 to 10,000 years ago when sea
level was about 400 feet below present, and the ocean shoreline was on the continental slope between 15 to 60 miles east of today’s coast

(see Fig. 6-2-1).
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(low sealeve during glacid
periods). Post-glacia
changesin dimate and sea
leve of the past 10,000 years
arereflected in fluctuations
in the type and amount of
sadiment, and patterns of
Sediment deposition and
erasion within the estueries.
Thus, the resulting sediment
record islike a10,000-year
tape-recorded history of
changing environmenta
conditions of the North
Carolinacoagtd sysem.
Riggsand asociates
(Riggset d. 1992, 1995,
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FIGURE 6-3-1. Map of ocean shoreline changes from 1852 to 1965 by Fisher (1967) demonstrates the ongoing
recession of the ocean beach at Cape Hatteras. About 3,000 feet of shoreline erosion in 113 years ultimately led to
the decision in 1999 to move the Cape Hatteras Lighthouse 1,600 feet back from the shoreline.

2000; Riggs 1996; Sager

1996; Seger and Riggs 1998;

Rudolph, 1999) found thet the estuaries contain
acomplex higory of riverineincisement and
marine backfilling. Theinfill higory is
characterized by cydica episodes of
sadimentation. Periods of risng sealevel
deposited a sediment sequence that graded
upwerd from basdl riverine ssdimentsinto
eduarine, barrier idand and shallow marine
deposition. The depositiond periodswere
followed by fdling sealeve that caused
extendve channdling and erosion of previoudy
deposited sediments. Thisresultsin multiple
sadiment unitswith complex age relaionshipsto
each other. The older unitsare overlain by athin
layer (from Oto 3 ft) of organic-rich mud
contaminated with heavy metds, organic
toxicants and other pollutants from post-colonia
indugtrid and agriculturd ectivities This
surficid mud represents the last 400 years of our
higory andisin part aproduct of anthropogenic
adtivities

6.3. THE FLOODING PROCESS
CONTINUES

6.3.A. Present Rates of Sea-Level Rise
Two types of detademondrate that sea

level has continued to rise over the past 150

years. A map (Fig. 6-3-1) by Fisher (1967)
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displays historic shordinesthat reflect a
congant landward recession in the Buxton and
Cepe Hatteras area. Data from tide gauige
records (Hickset d., 1983; Gornitz and

L ebedeff, 1987; Douglas & d., 2001)
demongtrate Similar rates of sealevel risefor
both Charleston, S.C., and Hampton, Va,

(Fg. 6-3-2). These data suggest that sealeve is
rigng a about 1.01 /100 yrsin the Charleston
areaand about 1.06 ft/100 yrs. in the Hampton
area. Limited datafor the period from 1980 to
2000 & Duck, N.C., (W. Birkemeier, U.S.
Army Corpsof Engineers, Pers. Comm.,
12/2000) suggest that sealeve for the
Albemarle Embayment region may berisng
dightly faster, possbly up to about 1.5 /100
yrs All of these deta demondtrate that sealevel
continuesto rise, resulting in the ongoing
flooding of thelow coadtd land and ubiguitous
recession of North Caroling's coastd shorelines

6.3.B. Future Rates of Sea-Level Rise

The Intergovernmenta Panel on Climate
Change Report (IPCC, 2001) predicts
increased rates of global seerlevel rise over the
next century in direct regponse to known globd
climate warming. Increased rates of searleve
risewill adversdly impact coagtlines of North
Cardlinain thefollowing ways

1. Accderated rates of coadtd erosion and land
loss

2. Incressed economic losses due to flooding
and sorm damage;

3. Incressed loss of urban infragtructure;

4, Collgpse of some barrier idand ssgments, and

5. Increased loss of estuarine wetlands and other
coagtd habitats.

However, the scientific community hasonly a

moderate understanding of the linkagesand

controls between globa warming and changing

magnitude and rate of searleve response, resulting

inlimited levels of predictability from asocietd

point of view (Warrick et a., 1996; Nuttleet d.,

1997; Hetcher et d., 2000a, 2000b).

Asgladid icein Antarcticaand Greenland
continues to melt and ocean water continuesto
thermally expand in responseto globd climate
warming, the ongoing risein sealeve will
continueto flood the North Carolina coadtd lands
Sealevd isrigngin North Carolinatoday e arate
between 1.0to 1.5 feat/100 yrs. Isthisrate of
flooding significant for the North Carolina.coastal
system? On your next trip through the outer coadtdl
system, notice how low and flat theland iswith
extensve, water-filled drainege ditches occurring
adjacent to the highways. The water in these
ditchesisgenerdly a or closeto sealeve, and the
roads are built on fill dirt dug from these ditches.



The coagtd syseminthe Northern
Province of North Carolinaisacomplex of
broad, shallow estuarine environments that

extend up to 100 milesinto the Coagtd Plain.

Duetothe very low regiona land sope, the
ongoing rate of searlevel rise produces mgor

shoreline recession (see Chapters 7 and 8). With
flooding, the coastd sysem will maintain its
generd appearance and characterigtics through
time asit migrates updope and landward by a
gradud evolutionary successon. Thisevolution
isdramatically demongtrated in the two false

CONTINUED:

color, winter aerid photographs (1983 and 1998)
of the Pamlico Sound shordline a Point Peter
Road area, Alligator River Wildlife Refuge (Fig.
6-3-3). In 15 years, the green-colored, low-
brackish to freshwater marsh dong the shoreline
has migrated upward and landweard hundreds of
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FIGURE 6-3-2. Tide gauge data from Hampton, Va., and Charleston, S.C., demonstrate the rate of ongoing sea-level rise. The plotted data are
monthly averages of mean sea level that extend from August 1927 and October 1921, respectively, to December 2000. The heavy line through each
plot is the graphical representation of the trend data obtained by regression analysis, showing the net rise in sea level during this time period. Similar
tide-gauge data developed at Duck, N.C., by the U.S. Army Corps of Engineers only goes back to 1980, but in a 20-year time period, the data suggest
a slightly higher rate of sea-level rise of about 1.5 /100 yrs for the Albemarle Sound coastal region. The two sets of tide-gauge data in Figure 6-3-2 are from
the National Oceanographic and Atmospheric Administration (NOAA) National Water Level Observation Network (www.co-0ps.nos.noaa.gov/
data_res.html). PANEL A. Tide-gauge data for Hampton, Va., suggest sea level has been rising at the rate of 1.16 ft/100 yrs in this region since 1927.
PANEL B. Tide-gauge data for Charfeston, S.C., suggest sea level has been rising at the rate of 1.0 ft/100 yrs in this region since 1921.
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feet dong the southern boundary and up to
thousands of feet in the vicinity of thecand. In
thisregion, the marsh vegetation has displaced
the red-colored scrub-shrub trangtion zone
vegetation and pocosin svampforest vegetation.
The Intergovernmental Panel on Climate
Change (IPCC, 2001) has predicted increased
raesof globd searleve riseby the year 2100
(Fig. 6-2-1) up to 2.89 feet (0.88 meters) above
present sealevel with an averagerise of 1.61 fedt
(0.49 meters). Thisriseisin responseto globa
warming will result “primarily from thermal
expanson and loss of massfrom glaciersand ice
caps’ (IPCC, 2001). If the IPCC predicted
values near the average or above turn out to be
correct, the North Carolina coagt isin for serious

consequences. Thetwo new maps displayed in
Figures 6-3-4A and 4B are predictions of
shoreline changesin coagtd North Cardlina
These maps are based upon 38 years of detailed
research concerning the continental shelf, barrier
idands and estuarine and riverine sysems of the
North Carolinacoastd region by the author. The
database involves thousands of miles of
subsurface seiamic, ground-penetrating radar
and Sde-scan sonar data, over athousand drill
holes, and 300 age dates, and innumereble
sadimentologic and Sratigraphic sudies
concerning the geologic framework upon which
our coagtd sysemis perched.

Large ssgments of the Outer Banksare
dready collapsing as evidenced by thelack of

gpace to maintain aviable coagtd highway
(N.C. Hwy 12) dong specific segments. If the
intense storm pattern of 1996 through 1999
continues, Figure 6-3-4A could beredized
within afew decades. If sealeve continuesto
riseat the present rate and storm frequency is
maintained & present levels, the scenario
depicted in Figure 6-3-4B could beredized in
sverd centuries However, if global warming
isredl and rates of glacid melting increase
sgnificantly, as projected by the
Intergovernmental Pand on Climate Change
(2001) and the U.S. Environmental Protection
Agency (Titus and Narayanan, 1995; Warrick
et d., 1996) the coast could have the Figure 6-
3-4B map geometry by 2100, with mgjor land
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POINT PETER ROAD - ALLIGATOR RIVER NATIONAL WILDLIFE REFUGE

Paoint Peter
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Pamlico Sound

FIGURE 6-3-3. Due to the extremely low land elevation in the Point Peter Road area of the Dare County mainland (U.S. Fish and Wildlife’s Alligator
River National Wildlife Refuge), ongoing sea-level rise is having a dramatic effect. The site, on the western shores of Pamlico Sound between Manns
Harbor and Stumpy Point, displays marsh expansion at the expense of a pocosin swamp forest. These winter infrared aerial photographs display the
marsh grasses (not photosynthesizing) as a pale gray-green color. In contrast, the nondeciduous swampforest trees and scrub-shrubs
(photosynthesizing) display a red color. During the period from 19883 to 1998, marsh expansion ranges from about 0.1 to 0.5 miles inland. This
dramatic change in the 15-year period is the evolutionary response to ongoing sea-level rise. The 1983 aerial photograph was flown by the High
Altitude Program of the U.S. Department of Agriculture. The 1998 aerial photograph is a Digital Orthophoto Quarter Quadrangle from the U.S.
Geological Survey.
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losssin Currituck, Camden, Dare, Hyde, the shoreline. The specific process of shoreline  land, the underlying geologic framework,
Tyrrell, Pamlico and Carteret counties. The migration is better known asshordineeroson.  specific shordline variables and varying storm
change would not be so dramatic for the Thefact thet sealeve isrisng worldwidemeans  conditions. Locdly, assgment of the North
Southern Province due to the much steeper dope  that erosionisubiquitousto dl of North Cardlinashoreline may gppear Sable or actualy
of themanland. Cardlindsthousands of milesof shordine The  accrete sediments. Such aSituation represents

Thisongoing risein sealeve resultsinthe  only differencesaretheratesof erosonthat e either an anomaous st of locd conditionsor is
continuing upward and landward migration of dependent upon locd tectonic changesin the ephemerd in nature.
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FIGURE 6-3-4. Prediction for the initial collapse of barrier island segments within northeastern North Carolina. If 1) sea level continues to rise at
either the present rate or greater (See Fig. 6-2-1), 2) the quantity and magnitude of storms that have characterized the 1990s continues or increases,
or 3) one or more very large coastal storms (category 4 and 5 hurricanes) directly impact the Outer Banks. The portions of the barrier islands that
will collapse are the simple overwash barriers that are sediment poor and are characterized by severe shoreline erosion problems. PANEL A. The
short-term future (i.e., next few decades) of the northern Outer Banks. PANEL B. The long-term future (i.e., next few centuries) of the barrier islands
and associated estuaries within northeastern North Carolina.
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L ong-Term Estuarine Shoreline Evolution
N the North Carolina Coastal System

A low sediment bank and

associated platform marsh erode

along Nags Head Woods shoreline

at the eastern end of Albemarle

Sound. About 2 feet of sediment and
topsoil have been removed by wave
action, completely exposing the root
structures of the slowly dying oak and
pine trees. Notice the erosional scarp that
occurs around the Spartina cynosuroides
marsh in the background.
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CHAPTER SEVEN:

Long-Tem Estuarine Shoreline Evolution
N the North Carolina Coastal System

7.1. SEA-LEVEL RISE AND SHORELINE
CHANGE IN CROATAN SOUND

7.1.A. Historical Drowning of the Coastal
System

For severd thousands of years prior tothe
early 1800s, Croatan Sound was ashallow-
weter, low-energy, embayed tributary estuary
caled Croatan Creek (O'Connor et d., 1972;

Riggsand O’ Connor, 1974; Rudolph, 1999;
Riggset d., 2000). It was actively being
backfilled with marsh pegts dong the margins
and organic-rich mudsin the shallow central
basin. Theinterstream divide between Croatan
Creek and Pamlico Sound (Fig. 7-1-1) was
higoricaly known as the Roanoke Marshes
(Payne, 1985) and connected Roanoke Idand
with mainland Dare County in the Wanchese

=T
0

et F

FIGURE 7-1-1. Historical maps depicting the evolutionary changes for Croatan Sound and the
opening of Roanoke Marshes between Croatan and Pamlico sounds. Notice the dramatic
changes in inlet location through the barrier islands, the habitat changes within Croatan Sound
due to current scour, and the slow dissection of Stumpy Point Lake by the receding shoreline.
Maps are not to the same scale. PANEL A. Map of Moseley dated 1733. PANEL B. Map of Collet
dated 1770. PANEL C. Map of Price and Strother dated 1808. PANEL D. Map of MacRae and
Brazier dated 18383. All four maps are from Cumming (1966).

area. Thisinterstream divide was a prominent
barrier that completely separated Croatan Creek
from Pamlico Sound prior to the European
landing on Roanoke Idand in 1584.

Figure 7-1-1 presents four higtoric maps of
the 18th and 19th centuries thet depict thefind
destruction of Roanoke Marshes and erosion of
theintersdream divide. Observethe closely spaced
idands, referred to as* Danids Marshes” onthe
1770 map (Fig. 7-1-1B), and that occur on top of
theinterstream divide and separate Croatan Creek
(“TheNarrows’ in Figure 7-1-1A and “Through
Fare’ in Figure 7-1-1B) from Pamlico Sound to
the south. The rgpid rate of etuarine shoreline
eroson causes Pamlico Sound to intersect Stumpy
Point Laketo create an open bay. Also, Roanoke
Inlet closed by 1817 with the subsequent
disgppearance of the marsh idands by 1833 (Fig.
7-1-1D). This sequence of eventsresulted in the
formation of Croatan Sound.

O'Connor et d. (1972) and Riggsand
O Connor (1974) related the opening of Croatan
Sound during the 18th and 19th centuriesto two
processes that eventudly led to complete erosion
of the Roanoke Marshesinterstream divide. Firg,
was the ongoing process of searlevel riseand
seoond was the dlosure of Roanoke Inlet in about
1817 (Figs. 7-1-1C, 7-1-1D). Prior to 1817, the
Albemarle and Currituck drainage sysem
connected with the Atlantic Ocean through
numerousinletsin Currituck Sound and north of
Roanoke Idand (Fisher, 1962; Payne, 1985). All
Currituck Sound inlets hed closed by the early
1800swith thelagt inlet north of Roanoke Idand,
Roanoke Inlet, findly closing in about 1817
(Fg. 7-1-1). By thetime of Roanoke Inlet closure,
sealeve had risen high enough to dlow the entire
Albemarle and Currituck drainage sysemto flow
through Croatan Cresk and Roanoke Marshesand
exit through Gunt, Oregon and other inletsto the
south of Roanoke Idand (Fisher, 1962; Payne,
1985). With thisincreased flow, Roanoke Marshes
began to rapidly disgppear. Shoreline erosion and
bottom scour became the dominant processes
changing Croatan Creek to Croatan Sound and
opening it to Pamlico Sound (Fig. 7-1-2). By the
time of the Civil War battle & Fort Burnsides on
Roanoke Idand, sailing ships readily moved
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FIGURE 7-1-2. The A-A’ longitudinal cross section (above panel) is drawn along the channel of
Pamlico Creek on the south, across the interstream divide at Roanoke Marshes, through the
channel of Croatan Creek, and into the Roanoke River on the north. This section shows the
general antecedent or paleotopography of the Pleistocene surface and thickness of Holocene
sediment that infilled the channel in response to estuarine flooding by rising sea level during the
past 10,000 years. Figure is modiified from Riggs et al. (2000).

through the remnants of the Roanoke Marshesand
into Croatan Sound. Today, the former Roanoke
Marshes areaisadmost as degp astherest of
Croaten Sound (Fig. 7-1-2).

7.1.B. Shoreline Erosion in Croatan Sound

Is Croatan Sound il expandingin size
today? The answer isan emphatic “yes’ based
upon the following lines of evidence.

1. The estuarine shordines of dl North Caroling's
sounds are characterized by recession ratesthat
locally average up to 10 ft/yr, and the bottoms
of thelarger sounds are being scoured (Riggs
etd., 1978, 2000; Riggs, 1996, 2001; Pilkey
etd., 1999).

2. The bottoms of the outer estuariesin North
Cardlinacondst of older fossil sediment units
that are either exposed on the sound floor or
oceur just beneeth asporadic, thin veneer of
loose surficia sediment (O’ Connor et d, 1972;
Riggs, 1996). Rudolph (1999) demondtrated
that 100 % of the Croatan Sound floor congsts
of fossl sediment unitswith athin and variable
(< 25ft) layer of modern surficia sand.

3. Theolder sediment units containin Stu reefs
andindividua articulated fossilsin growth
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position that are actively being re-exposed by
ongoing bottom scour (Riggset d., 2000).
Radiocarbon dates on these fossils produce
agesranging from 1600 to 2500 rediocarbon
years before present. The fossils are dominantly
bivalve shellfish (Tagelus, Cyrtopleura, and
Crasodren) that require estuarine waters with
high brackish sdlinity. The modern watersin
Croatan Sound range from fresh to low
brackish, suggesting thet these damslivedin
Croatan Cresk when it was characterized by
very different estuarine conditions

Roanoke Marshesistoday as deep asthe

other portions of Croatan Sound, excluding
themain channel under the old Croatan bridge.
The sound bottom in the Roanoke Marshes
areaisactively being scoured during gormsas
demongtrated by the erosond character of the
basdl peat remnantsthat occur on top of the
Pleistocene sediments (Fig. 7-1-2) and crop out
on the sound bottom (Fig. 7-1-3).

systematically infilled with mud, peat and
abundant shelled organisms thet lived in high-
brackish sdinity waters resulting from numerous
inlets north of Roanoke Idand. This condition
continued until al northern inlets closed forcing
the flow southward through Croatan Creek, across
theinterstream divide & Roanoke Marshes and

Thus, Croatan Cresk was alow-energy, into Pamlico Sound. The Roanoke Marsheswere
embayed, tributary estuary in a depositional totaly breached sometime after 1817 when
infilling phese for severd thousand yearsin Croatan Sound entered an erosiond phase

dominated by shordline recesson and bottom



scour, and evolved to its present geometry over
the next 180 years. The dominant
sedimentologic processes occurring in Croatan
Sound today are: (1) estuarine bottom scour
reulting from diversion of the Albemarle
drainage, and (2) shoreline recession associated
with an ever-increasing fetch. Figure 7-1-3
contansasaries of close-up views of Sde-scan
data demondgirating severd dominant sediment
patterns left behind on the estuarine floor asthe
shoreline receded through time.

7.1.C. Changes Along the Old Croatan
Bridge Corridor
Riggset d. (2000) summarized the
evolutionary history of Croatan Sound dong the
old bridge corridor. Figure 7-1-4 overlays four
bathymetric profiles through time dong the
south Sde of the old bridge for comparative
purposes. The profilesinclude an interpreted
recongruction for 1817, the U.S. Hydrographic
Survey profile H257 of 1851, the 1954 N.C.
Continued on page 73
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FIGURE 7-1-3. Side-scan sonar images of
Croatan Sound bottom showing relict geologic
units exposed on the sound floor. All images are
about 666 feet in width. PANEL A. A scour
channel located in the center span of the old
Croatan bridge (U.S. Hwy. 64) shows linear
dark gray patterns (areas of low reflectance)
resulting from the exposure of organic-rich mud
sediments. These mud sediments infilled
Croatan Creek during estuarine flooding in
response to rising Holocene sea level. Today,
these muds are being severely eroded by the
modern flow as displayed in bathymetric
profiles on Figure 7-1-4. Also, notice the linear
white sand deposits (areas of high reflectance)
that occur in the lee (south) of each bridge
piling. The broad white reflectance pattern on
the north side of the bridge is the sonar shadow
with refraction patterns from the bridge pilings.
PANEL B. A shallow, sand-covered Pleistocene
platform on the western side of the old Croatan
bridge (see bathymetric profiles on Fig. 7-1-4).
The extensive white pattern is due to the high
reflectance character of quartz sand that
dominates the platform tops with sand waves
having about 33-foot wavelengths. Also, notice
the linear scarp that has been eroded into an
older mud or peat sediment unit buried below
the surficial sand to the east. PANELS C & D.
The highly irregular, mottled pattern is the
erosional character of marsh peat that crops
out on the sound bottom along the southwest
side of Roanoke Island. These are the basal
remnants of the Roanoke Marshes peat
deposits. The peat deposit is dissected by
paleo-tidal creeks (smooth areas) that were
backfilled with soft mud and very fine sand.
These channel-fill muds erode faster than the
associated peat, producing lower depressions.
The dark gray pattern of peat, closest to the
center line, grades to white away from the
center line due to the shadow effect of eroding
3-D peat blocks on the sound floor. The peat
blocks range from 3 to 15 feet across with
vertical relief up to 3 feet. See Figure 7-1-2 for
the general location of these eroded peat
remnants of Roanoke Marshes.
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Table 7-1-1 Historical Croatan Sound Shoreline Change

Estimated historical shoreline recession rates along the old bridge corridor in Croatan Sound

TOTAL ESTIMATED MAPPED
1817-1851 1851-1954 1954-1997 RECESSION 1817-1997 RECESSION 1851-1997
TIME PERIODS 34 YEARS 103 YEARS 43 YEARS 180 YEARS 146 YEARS
¢ MANNS HARBOR — MAINLAND DARE CO.
Shoreline Loss 510m 120m 60 m 690 m 180m
1700 ft 400 ft 200 ft 2300 ft 600ft
Ave. Annual Erosion Rate 50 ft/yr 4 ftyr 5 ft/yr 13 ft/yr 4 ftyr
¢ ROANOKE ISLAND
Shoreline Loss 620 m 160 m 120m 900 m 280 m
2067 ft 533 ft 400 ft 3000 ft 1000 ft
Ave. Annual Erosion Rate 61 ft/yr 5 ft/yr 9 ft/yr 17 ftiyr 7 fthr

OLD CROATAN BRIDGE PROFILE RECONSTRUCTIONS: OCTOBER 1967, JULY 1954, 1851 AND 1817
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FIGURE 7-1-4. Composite of four bathymetric profiles along the south side of the old Croatan bridge (U.S. Hwy. 64). The profiles include a general
interpretation and reconstruction for 1817 based upon old maps (see Fig. 7-1-1), the U.S. hydrographic Survey profile H257 of 1851, a 1954 N.C.
Department of Transportation profile made during the pre-construction survey along the proposed bridge location, and an October 1997 profile from
Rudolph (1999). Comparison of these profiles supply the baseline information concerning shoreline and bathymetric changes along the old Croatan
bridge corridor through time. Figure is modified from Riggs et al. (2000).
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ssusdinFigure 7-
1-4 (1851, 1954 and
1997 profiles) are
conddered to be
generdly reigblefor
comparaive
purposes sncethe
basic geometric
pattern persigts
through time. The
ridge tops have
changed only dightly
from 1851 through
1997. However,
thereisasysemdic
decreasein depth of
scour-channds, The
reldive changesare
clear eventhough
there are problems
with location and
production of the
profiles, aswel as
large potentid error
bars concerning the

absolute changes.

FIGURE 7-1-5. Portion of a satellite image (EOSAT from SPACESHOTS,

Inc.) of the Cedar Island area showing the modern process of drowning
across the Carteret Peninsula interstream divide. The vast Cedar Island
Juncus roemerianus marsh (gray color) occurs on the interstream divide
between West Thorofare and Thorofare bays. With continued flooding due
to rising sea level and shoreline erosion, the marsh will rapidly disappear
and eventually form an open Thorofare Sound. This is a modemn analog for
the transition of Croatan Creek to Croatan Bay and finally Croatan Sound.

Department of Trangportation precongtruction
survey profile dong the location of the proposed
bridge, and an October 1997 profilefrom the
Rudolph (1999) study.

The recongtructed bottom geometry for the
1817 time dice represents conditions before
Albemarle and Currituck discharge began to
flow through and severdly erode Roanoke
Marshes. Thisbottom profile is based upon the
known geometry of other tributary estuariesin
the same stage of drowning, aswell asdatafrom
higtoric maps (Fig. 7-1-1). The other three deta

7.1.D. Estimated
Shoreline
Recession Rates
Whenthe
Albemarleand
Currituck discharge
began to flow
through Croatan
Sound, the sound
bottom was severdly scoured, and the shordine
recesded at very repid initial rates over thefirs 34
years (Table 7-1-1). Theinitial rapid recesson
rates probably decressed through timeto adower
and more condtant rate by 1851. Since 1851, it
appearsthat the annua shoreline recession rate for
the Manns Harbor side (mainland Dare County)
averaged about 5 ft/yr while the Roanoke Idand
Sdeaveraged about 7 ftyr (Teble 7-1-1). Both of
these shorelines congst of low sediment banks
and have comparable fetches. However, iron-
cemented sandstone dominates the Manns Harbor

CONTINUED:

Sde Wheress, soft peat and mud with
unconsolidated sand dominate the Roanoke Idand
Sde These recesson rates are compareble to those
measured on the north Roanoke I9and by Dolan
et d. (1972, 1986).

7.1.E. Cedar Island Marsh Analog

Croatan Sound isanew open etuarine water
body that formed in the North Carolina coastal
system since European colonization. It formed in
the early 1800s and has continued to widen and
deepen. An andogous processis ongoing with
many other embayed tributaries such asthe Cedar
Idand Marsh (Riggs and Frankenberg, 1999),
which sts agtride the Carteret Peninsula
interstream divide (Fig. 7-1-5). The Juncus marsh
shordines are rapidly eroding, and the bay
bottoms are ectively being scoured asaresult of
ongoing seerleve rise and increased flow through
the artificidly cut waterway acrosstheinterstream
divide. Ultimately, West Thorofare Bay will totally
erode the Cedar [dand Marsh, openthe
connection with Thorofare Bay and produce a
wide and deeper Thorofare Sound.

7.2. OTHER EVIDENCE OF ESTUARINE
EXPANSION

Preliminary Sudiesin other euarine
systems of northesstern North Carolinahave
resulted in Smilar conclusions concerning
erosiona scour (Riggs, 1996; Sager, 1996; Pilkey
etd., 1998; Sager and Riggs, 1998). For example,
radiocarbon age dating has demondtrated thet
older sediments are presently exposed at or near
the sediment-water interface in many of the North
Cardlinaesuaries (Riggs, e d., 2000). These
radiocarbon age data by numerousinvegtigators
suggest that asignificant anount of bottom scour
istaking placein mogt of the larger coagtdl sounds.
The older, dightly denser organic-rich mud
sadiment occurs below athin and varigble layer
(from 0to 2.5 feet thick) of modern organic-rich
mud or quartz sand, depending upon location
within the estuarine system (Riggs, 1996). This
thin, modern sediment layer isreadily eroded
during high-energy storm periods when the ol der
and denser sediments are exposed and eroded.
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CHAPTER EIGHT:

Short-Term Estuarine sShoreline Evolution
N the North Carolina Coastal System

Along the west shore of the Pungo River estuary, the eroding platform
marsh (foregrouna) is severely scarped and undercut, while the
receding low sediment bank (background) leaves a trail of dead pines
in the encroaching water. This Wades Point marsh is eroding at an
average rate of 3.2 ft/yr, while the low sediment bank has an average
recession rate of —4.1 ft/yr, producing the general embayment. With
rising sea level, the Spartina cynosuroides marsh and peat substrate
are migrating up and over the dense clay that rises slightly above sea
level to form the low upland covered with pines. As the perimeter pines
drown, the tree skeletons are ultimately blown over, leaving a field of
submerged stumps and logs in the nearshore area.




CHAPTER EIGHT:

Short- Term Estuarine Shoreline Evolution
N the North Carolina Coastal System

8.1. REGIONAL ESTUARINE SHORELINE  judged to have minima erosion problems, and

EROSION STUDIES

8.1.A. Summary of Former Studies

Stirwalt and Ingram (1974) developed a set
of maximum annud erosion ratesfor 16 Stes
around the perimeter of Pamlico Sound that
ranged from—25to—11 ftlyr (Table 3.1in Riggs,
2001). Their datawere re-evauated by Riggsand
subdivided based upon the apparent shoreline
type, orientation and fronting water body. Thisre-
evauation demondtrated significantly different
shoreline responses that ranged from —1 to—36 ft/
yr (Teble 3.2in Riggs, 2001).

TheU.S. Department of Agriculture, Soil
Conservation Savice (USDA-SCS, 1975)
produced shordline erasion datafor 15 coastd
counties. Three southern coagtl counties were

the back-barrier estuarine shorelines were beyond
the scope of their study. Their datawere based
upon defining a series of reacheswithin each
county that severdly generdized the variablesand
produced an average number over large distances
that ranged from 0.5 to 39 milesin length. The
USDA-SCS study calculated an average eroson
rate of —2.1 ftfyr for 1,240 miles (87% eroding) of
northeagtern North Carolina between 1938 and
1971, while the average for the individua coastd
counties ranged from-0.9 to—4.5 ftlyr (Teble 3.3
inRiggs 2001).

Theauthor and colleaguesin the Geology
and Biology departments & East Cardlina
University carried out numerous Sudieson
eduarine shordine eroson in the North Carolina
coagtd system during the 1970s. The location and

resultsof theseinitid sudiesare outlined in Riggs
(2001). The classfication, abundance and
distribution of shordine types studied by Beliset
d. (1975), O Connor et d. (1978), and Riggs et
d. (1978) within northeagtern North Carolinaare
summarized in Tables8-1-1 and 8-1-2. This
eduarine shordine eroson study consisted of
physicaly mapping the geologic, biologic and
hydrologic character of the shorelineswithin
northeastern North Carolina estuarine system on
1:1000 scde maps from shallow draft boats
Approximetely 50% of the more than 3,000 miles
of estuarine shoreline wereincluded in the study
ares, which did not indlude the back-barrier
eduarine shorelineg, large portions of Pamlico
Sound and many of the small tributary estuaries.
The numbersin Tables8-1-1 and 8-1-2 represent
only those miles and percentages of shordlines

Table 8-1-1 Distribution and Abundance of Shoreline Types (1978)

Distribution and abundance of shoreline types in the estuarine system of northeastern North Carolina. The numbers represent only those
miles and percentages of shoreline actually mapped by the Riggs at al. (1978) study.

STUDY ALBEMARLE PAMLICO NEUSE CORE-BOGUE TOTALS
REGION SOUND RIVER RIVER SOUNDS
Miles 436 mi 483 mi 452 mi 222 mi 1593 mi
Mapped (27%) (30%) (29%) (14%) (100%)
Low 159 mi 112 mi 124 mi 76 mi 471 mi
Sediment Bank (36%) (23%) 27%) (34%) (30%)
High 59 mi 19 mi 24 mi 9 mi 111 mi
Sediment Bank (14%) (4%) (56%) (4%) (7%)
Bluff 4 mi 5mi 12 mi — 21 mi
Sediment Bank (1%) (1%) (3%) — (1%)
Swamp 101 mi 7 mi 2 mi — 110 mi
Forest (23%) (2%) (<1%) — (7%)
Marsh 113 mi 340 mi 290 mi 137 mi 880 mi
(26%) (70%) (64%) (62%) (55%)
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actualy mapped by the Riggs et d. (1978) sudy.
Riggset d. (1978) integrated their mapping
resultswith the (USDA-SCS, 1975) study of
eduarine shordine erosion ratesin the coasta
counties of northeagtern North Caralina, Teble 8
1-3 summarizesthe average annud rate of
recesson for each shordine type (Riggs, 2001).
Hardaway (1980) established 10 shoreline
Sudy stesdong the Pamlico River esuary (Fig.
8-1-1). These Steswere selected to represent
combinations of three types of sediment bank,
marsh and human-modified shorelines, aswell as
different physicd varigbles contralling shordline
eroson. Hardaway mapped each stethreetimes
over a16-month period between August 1977 and
November 1978. In March 1987, agraduate
Sudent (P, Parham in Riggs, 2001) remapped
seven of the origina Hardaway sitesto develop a

10-year eroson record. During theinterim, the
adjacent land aress a many of the 10 steswere
developed and associated shordlines highly
modified.

Evertset d. (1983) measured shordine
change for the period between 1852 and 1980
utilizing 42 historica maps and photosfor the
back-barrier estuarine system between Cape
Henry and Buxton Woods. For the period prior to
the 1930s, they utilized topographic surveys
produced by plane-table mapping. Sncethe
1930s, they utilized aerid photography and
photogrammetric methods. Evertset d. concluded
thet the average shoreline eroson rate for the
north-south estuarine portion of the barrierswas
— 0.33t/yr. Wheress, the east-west estuarine
shordline associated with Buxton Woods was
eroding & an average rate of —4 ft/yr. Dueto the

limitations of the techniques associated with
higtoric surveys, thereisafairly large error bar on
absolute amounts and rates of shoreine change.
Murphy (2002) remapped nine of the
origind Hardaway (1980) sites and mapped five
additiond stes dong the Albemarle-Pamlico
mainland shoreline and Six Sites along the back-
barrier shorelines. She carried out a georeferenced
aerid photograph analysis of digitized shordlines
on aerid photo time dicesto develop ashort-term
eroson record. However, dueto theinability to
duplicate the erosion rates developed by Murphy,
acomplete re-evauation of the Murphy steswas
carried out for the present study. It was
subsequently determined that serious problems
existed with resolution in scanning the aerid
photographs and procedures utilized for both
georeferencing the photos and digitizing the

Table 8-1-2 Natural and Human Modification Features (1978)

Natural and human features that modiify various shoreline types and the erosional and accretionary status of shorelines in the northeastem North
Carolina estuarine system. The numbers represent only those miles and percentages of shorelines actually mapped by the Riggs et al. (1978) stuay.

STUDY ALBEMARLE PAMLICO NEUSE CORE-BOGUE TOTALS
REGION SOUND RIVER RIVER SOUNDS

Cypress Fringe 82 mi 5mi 29 mi — 116 mi
Sediment Bank (19%) (1%) (6%) — (7%)
Marsh Fringe 15 mi 27 mi 53 mi 47 mi 142 mi
Sediment Bank (3%) (6%) (12%) (21%) (9%)
Sand Apron 17 mi 8 mi 32 mi 9 mi 66 mi
Marsh (4%) (2%) (7%) (4%) (4%)
Significant Shoreline 390 mi 457 mi 408 mi 200 mi 1455 mi
Erosion in 1975-1977 (90%) (95%) (90%) (90%) (91%)
Significant Sand 4 mi 2 mi 23 mi 3mi 32 mi
Accretion in 1975-1977 (1%) (<1%) (5%) (1%) (2%)
Human-Modified 41 mi 24 mi 20 mi 19 mi 104 mi
Shoreline by 1977 (9%) (5%) (4%) (9%) (7%)
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shordlines. Thisresulted in Sgnificant errorsin
dataanadysis, map presentation and cdculations
of eroson rates and associated error bars

Thus, the Murphy study (2002) has serious
flawsthat make the erosion rate detawrong.
Consequently, the present study carried out a
totd reanayss of the Murphy study sites, as
well as some additiond Sites. Based upon thisre-
eva uation, the present etuarine shoreline
erosion datafor northeastern North Carolina
now supercedes the erosiond data previoudy
presented for dl former gudiesand publications,
including the Murphy study (2002).

These former sudies dearly demongtrated
the high varigbility in actud rates of estuarine
shordline recession, aswell asthe numerous
difficultiesin developing agood and religble
dataandyss Thisvariahility isadirect function

of the series of physicd, biologicd, human and
andlyticd varigbles. Thefirg three of these
varibles are consdered in Chapter 5 and
summarized in Teble 5-1-1.

8.1.B. Overview of Present Study

Riggs (2002) summarized the data from
known estuarine shordline erosion sudiesin
coadtd North Carolina. Because these pre-
exiging sudies were essentialy based upon old
aerid photography and done without the benefit
of modern computer technology and software,
Riggsand Amesinitiated the present euarine
shoreline erosion study that would revisit the
Hardaway (1980) and Murphy (2002) study
Stes The god wasto develop animproved
shordline erosion data base utilizing detailed
fidd descriptions, an array of aerid photography

CONTINUED:

through time and new computer technology. The
present sudy sgnificantly expanded the
shordine area of mogt previous Sites, added a
few additiond Stes, and where Significant,
subdivided the shordlineinto type and physicd
varigble categories.

The 21 stesincluded in the present study
arelocated on Figure 8-1-1. Table 8-1-3
comparesthe summary eroson datafrom the
present sudy by shordlinetypewith the 1978
dataof Riggset d. Theremainder of Chapter 8
describesthe Stes and presents the newly
acquired erogon datain three distinct categories
delinested in Figure 8-1-1: the back-barrier Stes
(2 through 7), the mainland Albemarle-Pamlico
Stes (8 through 14) and the Pamlico River Stes
(25through 21).

Base-line aerid photography contral for

Table 8-1-3 Comparison Between the Shoreline Erosion Values (1978)

and the Present Study

SHORELINE PERCENTAGE OF AVERAGE EROSION RATES (FT/YR)
TYPES* MAPPED SHORELINES* RIGGS ETAL., 1978* RIGGS & AMES PRESENT STUDY**
1. Sediment Bank Shoreline 38%
A. Low Bank (1-5 Ft) 30% 2.6 -3.2
B. High Bank/Bluff (> 5 Ft) 8% -2.0 2.5
2. Organic Shorelines 62%
A. Swamp Forest 7% =21 =212
B. Marsh Bank 55% -3.1
Mainland -3.0
Back Barrier -1.4
Weighted Average for all Natural Shorelines™* 100% 2.8 2.7
Average Range for all Shorelines™** -0.0t0-15.0 +6.110-26.3

*The shoreline types, relative abundance and original average erosion rate data are from Riggs, et al (1978).
**The average erosion rate data of the present study are from Table 9-1-4.

“** Excludes strandplain beaches and modified shorelines.

**** Dependent upon Shoreline Erosion Variables (see Chapter 5, and Table 5-5-1).
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this study at each Site utilized the 1998 Digital
Orthophoto Quarter Quadrangles (DOQQ). The
DOQQsarein MrSid format and supplied by
the U.S. Geologica Survey. All other setsof
aerid photography utilized for this udy and
included in the various plates of Chapter 8 arein
the public domain and were obtained from and
utilized with permission of the following
organizations. U.S. Nationd Park Service (Cape
Hatteras Nationd Seashore, Manteo, and Cape
Lookout National Seeshore, Harkers Idand);
U.S. Army Corps of Engineers (Fidd Research
Fecility, Duck); U.S. Department of Agriculture

(various offices of the Soil and Weter
Consarvation Sarvice, including Beaufort, Dare,
Hyde, Pamlico and Tyrrell counties); N.C.
Department of Trangportion, Releigh; N.C.
Divison of Coastd Management, Raleigh; and
Dare County GIS office, Manteo. All aeria
photographs were scanned into the computer,
georeferenced, manipulated and shordines
digitized utilizing sandard procedures and the
following software programs: Adobe Photashop,
Mapinfo, Ras Tools and Corel Draw. Mogt sudy
Site photographsin the associated plates are by
S Riggs unlessidentified otherwise.

8.2. BACK-BARRIER ESTUARINE
SHORELINE EROSION SITES

8.2.A. Summary: Back-Barrier
Shorelines

The estuarine shordines occurring dong
the backsde of barrier idands are extremely
diverse and varigble with respect to types and
erosion rates. Shorelines dong the esuarine sde
of complex barrier idands are Similar to
mainland shordines. However, generdly thereis

Continued on page 80
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FIGURE 8-1-1. Map shows the location of estuarine shoreline erosion sites in northeastern North Carolina included in the present study (Chapter 8).
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Table 8-2-1 Summation of Erosion Rates for Back-Barrier Sites

Summation of short-term estuarine shoreline erosion rates for back-barrier sites of the northern Outer Banks based upon the present studly.
See Figure 8-1-1 for locations of study sites.

SITE AND TIME DISTANCE AVERAGE LONG-TERM EROSION
SHORELINE PERIOD ANALYZED RATE DATA — PRESENT STUDY
TYPE (YEARS) (FEET) NET (FT/YR) RANGE (FT/YR)

1. Hatteras Site — Middle Pamlico Sound:
Marsh Platform—NET 1962-1998 1,000 -0.5 00to -0.8
Strandplain Beach—NET 1962-1998 1,575 +0.8 +3.0to -0.5

2. Buxton Site — Middle Pamlico Sound:

Marsh Platform—NET 1962-1998 1,800 2.6 +4.6 to —18.6
Marsh Platform 1962-1974 1,800 -8.7* -3.3t0 -18.6
Marsh Platform 1974-1998 1,800 +0.2* +4.6to0 -3.0

*A major storm in February 1973 filled the tidal creeks laterally with +250 to +320 feet of overwash sediment.
Subsequent storms and resulting overwash formed extensive strandplain beaches in front of major portions of the marsh platform.

3. Salvo Site — Northern Pamlico Sound:
Marsh Platform—NET 1962-1998 1,500 -0.9 -02t0 2.4

4. Seven Sisters Dune Field — Eastern Albemarle Sound:
Low Sediment Bank—NET 1932-~1973* 9,234 -5.2 00to -8.2

** Shoreline was only locally modified prior to 1973, but has been almost totally modified through major development since 1973.

5. Jockey’s Ridge Dune Field — Eastern Albemarle Sound:
Low Sediment Bank—NET/Northern Section 1964-1998 3,290 -3.5 -06to -8.3
Strandplain Beach—NET/Southern Section 1964-1998 1,400 +1.7 +6.1t0 -1.7

6. Nags Head Woods Site — Eastern Albemarle Sound:
Open Marsh Platform—NET 1964-1998 8,590 -1.7 0.0to —4.0
Embayed Marsh Platform—NET 1964-1998 1,000 +0.6 +1.4t0 1.2

7. Duck Site — Southern Currituck Sound:

Low Sediment Bank—NET*** 1986-1998 1,947 -0.7 +8.4t0 4.5
Marsh/Strandplain Beach—NET*** 1986-1998 1,947 -0.3 +15.5 to -23.5
Marsh/Strandplain Beach 1986-1992 1,947 -6.3 +6.0 to -23.5
Marsh/Strandplain Beach 1992-1998 1,947 +5.7 +155t0 -3.0

“* The low sediment bank shoreline is modiified by a stranaplain beach with a dense fringing marsh that occurs in front of the low
sediment bank and that comes and goes through time in response to storms and plantings.
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more sand in the coadtal system dueto the
presence of various barrier idand sources such as
back-barrier dunefields. Complex barriersare
sediment-rich, reulting in high and wide idands
that commonly contain extensive maritime
forests. Consequently, thereislittle to no direct
interaction between estuarine shordines and
oceanic dynamics. On the other hand, shorelines
aong the esuarine sde of Smple, overwash-
domineted idands are extremdly different from
mainland shordlines. These low and narrow
idands are periodicaly dominated by oceanic
processes, resulting in mgjor sediment input in
response to overwash events, inlet dynamicsand
migrating dune sands. Consequently, many low-
sadiment banks and marsh platforms contain
extengve shdlow waterswith ephemera
strandplain beaches and abundant fringing marsh
and offshore aguitic vegetation. These latter
processes and responges not only diminish wave
energy, but actualy build back-barrier platforms
critical for barrier idand migration processesin
responseto risng sealevel.

Ancther important variableisthe physicd
character of the back-barrier estuarine weter bodly.
For example, shorelines occurring dong the
narrow and shallow waters of Currituck, Roanoke
and Core sounds are generdly characterized by
shallow water and lower, wave-energy conditions.
Thisresultsin generaly lower erogon rates. On
the other hand, shorelines occurring dong the
vary large Albemarle and Pamlico soundsor
adjacent to inlets are generally characterized by
large weter bodies with tremendous fetches and
much higher energy and Sorm-tide condittions.
Thisresultsin higher erosion rates.

The saving grace for the estuarine shorelines
between Oregon Inlet and Ocracoke Inlet isthe
presence of avery broad and shalow platform
cdled Hatteras Hats (Riggs et d., 1995). Hatteras
HatsisaPlegocene sructurd platform that
extends up to 1 to 2 milesinto Pamlico Sound, is
generaly lessthan 2 feet degp and containsvast
aress of submerged aqutic vegetation.
Consequently, Hetteras Fats tend to Sgnificantly
decrease wave energy gpproaching the shordine
and resulting rates of shordine erosion. This
gructura featureisthetop of an intersream
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divide separating the paleo-Pamlico Cresk
drainage basin from the next drainage basin to the
eadt that exigted on theinner continental shelf
during searlevel low stand conditions of the legt
glacid maximum (see Chapter 6). The modern
barrier idand system between Oregon and
Ocracokeinletsis perched on top of this
interstream divide thet condtitutes Hatteras Hats
(Fig. 6-2-2).

Consequently, the rates of shoreline
recession aong the back barrier are extremely
varigbleand criticaly dependent upon geographic
location and theinteraction with oceanic
processes. If oceanic processes are cut off by
increased i9and elevation or vegetative growth —
whether aproduct of naturd changes or human
modification such as congtruction of barrier dune
ridges, road dams and urban development —
ratesof esuarine shordine eroson will
sgnificantly increese. Table 8-2-1 isasummary
of the average annud rates of etuarine shoreline
eroson for seven sites occurring aong the
northern Outer Banks barrier idands. Brief
descriptions of each steand agenerd synthesis of
the erosion data.occur in the following sections
The stesarelocated on Figure 8-1-1.

8.2.B. Hatteras Overwash Site
(Figures 8-2-1, 8-2-2 and 8-2-3)

The Hatteras overwash Steislocated within
the Ceape Hatteras National Seashore (CHNS) and
about 0.5 miles northeast of the northeasternmogt
road in Hatteras Village. The Site occurs
immediately adjacent to the CHNS parking lot on
the northwest side of N.C. Hwy. 12 and consists
of one smal marsh platform flanked by two sand
drandplain beaches occurring within adjacent
COVES.

The entire back-barrier idand segment
between Hatteras and Frisco villagesis
characterized by aseries of marsh platformsthat
increasein size from the sudy Ste northesst
towards Frisco and are separated by smdll
embayments or coves. The marsh platformsare
terminated on the barrier idand Sde by fairly
abrupt 1- to 2-foot topographic rises dominated
by trangition zone vegetetion. Thee are the
terminal ends of more recent overwash fans

whose surfaces are dominated by an extremely
dense scrub-shrub zone that is narrow at the study
Site, but widenstowards Frisco. In addition,
examingtion of the aerid photographs suggestsa
mgjor incresse in vegetation dengity within the
scrub-shrub zone over the past four decades. This
increase corresponds with the minimization of
overwash processes by condruction and
maintenance of N.C. Hwy. 12 and associated
barrier-dune ridges.

The coves between platform marshesare
former overwash tiddl creeks that now contain
mgjor sand srandplain beaches and are restricted
to the coves. Abundant submerged aguatic
vegetation (SAV) grows on the shalow sediments
within Sandy Bay and forms extensive wrack
linesaong various sorm water levelson the
beach. Frequently, wrack will bury the entire
drandplain beach. Wrack is composed primerily
of dead SAV grassesthat have either been ripped
up by sorm waves or supplied by seasond die-
off. Accumulated wrack is often thick enough
within the coves and dong scarped marsh edges
to both sgnificantly baffle wave energy reeching
the shordineand aid in trapping sand. Thus, the
coves and adjacent portions of the marsh
platforms are often protected from severe eroson
and may actualy accrete sediment during sorms.
All back-barrier euarine shorelines associated
with Hatteras Flats, extending from Oregon Inlet
to Ocracoke Inlet, contain mgjor wrack deposits
thet vary from season to season as afunction of
the storm patterns.

The centrd portion of the Hatteras Steisa
soundward protruding marsh platform with an
erosond scarp cut into firm pegt dong the
outermost edge. Along the platform flanks, the
peat scarp generdly contains 1- to 10-foot wide
sand rampsthat bury the scarp and are dominated
by Spartina alternifora. Landward of the scarp is
the outer fringing marsh that haslocaly been
gtripped of Juncus marsh grassby sormsandis
dominated with patches of either Spartina patens
or Spartina alterniflora, or both. The outer
fringing zone of Spartina is separated from the
interior marsh by one or more 1- to 2-foot high
perimeter wrack bermswith abundant sand and

Continued on page 82
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FIGURE 8-2-1. Photographs of the Hatteras Overwash site. PANEL A. Looking east along the north side of the eroding marsh platform. The outer
zone has been totally stripped of marsh grass during winter storms. PANEL B. Close-up of the peat surface in the outer zone that has been stripped
of marsh grass and is now dominated by green algae. PANEL C. Close-up of the outer edge of eroding marsh platform with a large eroded peat
block lying in the adjacent shallow waters. The marsh grass is Spartina alterniflora. Photograph is from Murphy (2002). PANEL D. Looking east along
the inner zone of the marsh platform and the adjacent zone of scrub-shrub that occupies the higher elevation of a more recent overwash fan. Notice
the extensive accumulation of wrack along the inner zone of the Juncus roemerianus marsh platform. PANEL E. Looking west along the strandplain
beach associated with an overwash fan that occurs to the immediate west of the marsh platform. Notice the minor amounts of dead submerged
aquatic vegetation (SAV) that has accumulated locally on this summer beach. PANEL F. Same location as Panel E, but now the fall strandplain
beach is covered with an extensive accumulation of dead SAV.
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variable amounts of trangtion zone vegetation.
Theinterior marsh conssts of mgjor stands of
pure Juncus roemerianus. However, numerous
large and irregular patches of former wrack
deposition within the interior Juncus marsh

are now dominated by Digtichlis, Borrichia
and Sdlicornia, with some Spartina alterniflora
and Iva

It appearsthat the entire marsh platform
formerly consisted of Juncus, which isbecoming
asmaller component as erosion diminishesthe
platform size and wrack covers relaively larger
platform aress. Because Juncus does not survive
wrack buridl, the more restricted marsh grasses
rapidly take over and dominate theseirregular
patches asthe wrack decomposes. Pegt within
theseirregular patches of wrack deposition tends
to be very soft, 2 to 3 feet deep, and consigt of
decomposed wrack. Generdly, alargeand
irregular wrack line occurs dong the landward
sde of the marsh platform, marking the
topographic limit of the former overwash fans

The marsh platform generdly consists of 1
to 3feet of firm sandy peet with amodern root
zonethat isthinner than the peat platforms a
Nags Head Woods or the mainland marshes. This
resultsin Smilar erosiona processes of the peat
scarp, but & much smaler sces Waveswithin
the much shallower water dowly erode the soft
under portions to produce root-bound overhangs
thet are generdly 1 foot thick by 2 to 4 feet wide.
These overhangs ramp down to the euarine
floor, ultimately bresking off the overhangsin
response to the wave-driven flopping motion, and
depositing smal pest blocksin the nearshore
zone adjacent to the shoreline.

The 1998 DOQQ (Fig. 8-2-2) for the
Hatteras overwash ste shows the digitized
shordinesfor 1962 and 1998. Themarsh
platform had an average shoreline erosion rate of
-0.5ftlyr for the period from 1962 to 1998 (Table
8-2-1), whilethe srandplain beaches within the
adjacent coves actudly accreted sediment &t the
average rate of +0.8 ftlyr. The ratesranged from
an accretion rate of +3.0 ft/yr to arecesson rate of
—0.5ftlyr. Thelow net erasion rates, as compared
to other Sites, are related to the extremely shalow
water of Sandy Bay, with abundant surficid sand
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FIGURE 8-2-2. The Hatteras Overwash site 1998 Digital Orthophoto Quarter Quadrangle
(DOQQ), with digitized shorelines for 1962 and 1998.
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FIGURE 8-2-3. The Hatteras Overwash site aerial photograph time slices from 1945, 1962, and 1989.

The 1945 photo predates construction of N.C. Hwy. 12 and regular maintenance of the associated
barrier-dune ridges. Consequently, this barrier segment is dominated by active overwash processes.
However; in the 1962 post-Ash Wednesday storm photograph, the overwash is significantly diminished
in magnitude. The dlifference probably reflects the presence of an elevated N.C. Hwy: 12 roadbed and
reconstruction of the associated barrier-dune ridge. The 1989 photo shows no overwash due to a
major barrier-dune ridge with increased vegetation growth along the landward side.
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from former inlets and overwash processes. In
addition, the abundance of dead SAVstend to
diminish estuarine wave energy acting upon the
shordlineand ad in trapping and holding sand.
The Hatteras marsh platforms are similar to, but
larger than the Buxton marsh platforms, possbly
dueto generdly lower erosion rates.

8.2.C. Buxton Inlet Site
(Figures8-2-4, 8-2-5, 8-2-6 and 8-2-7)

The Buxton Steislocated within the CHNS
and gpproximately 0.7 miles south of the
Haulover Day UseArea, commonly known asthe
Canadian Hole. ThisSteiswhat remains of a
much more extendve marsh platform as shown
on the 1962 aerid photo on the Pamlico Sound
Sde of anarow, overwash-dominated barrier
idand segment. The marsh platform hasbeen
sverdy diminished in Sze asindicated on the
1999 aexid photo.

The 1940 shoreline plot on the 1962 aexid
photo demongtrates that minimal estuarine
shoreline eroson occurred up to 1962. In spite of
abarrier duneridge and arased N.C. Hwy. 12,
the 1962 Ash Wednesday nor’ esster resulted inan
extengve sies of smal-scae overwash fansand
opened Buxton Inlet. The highway and protecting
dune ridges were subsequently rebuilt, and the
inlet was dosed by the U.S. Army Corps of
Enginearsin 1964, with aLtomobiles and sand
dredged from the shdlow watersimmediately
behind the barrier. Additiond sediment was
dredged for saverd beach nourishment projects
during the 1960s and early 1970s, leaving
numerous deep holes across the shallow flatsthet
gill perg st today and are mogt obviousinthe
2000 agrid photo. Thefact that these submarine
hales have not collgpsed and are today, as sharply
defined as when they were dredged, suggeststhat
the sediment isnot just athick pile of pure clean
sand. Such sediment is not stable enough to hold
vertica wallson land, much less beneeth shalow
watersin ahigh-energy system.

The Buxton Steisanarrow, north-south
oriented marsh plaiform conggting of an outer
fringing marsh and interior marsh separated by a
well-developed perimeter berm composed of sand

Continued on page 85
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FIGURE 8-2-4. Photographs of the Buxton Inlet site. PANEL A. Summer photograph looking north along the backside of the marsh platform with Spartina
alternifiora in bright green and Juncus roemerianus in dark green colors. PANEL B. Winter photograph looking north along the backside of the marsh
platform, with the marsh grasses partially eroded off the peat surface. Notice the scarped outer marsh edge and the iregular geometry to the marsh shoreline
due to active shoreline erosion processes. PANEL C. Winter photograph looking south along the marsh platform. Notice that there is some sand available to
form a high-water sand berm on top of the marsh platform. PANEL D. Summer photograph looking north along the backside of the marsh platform. Notice
the abundant sand available to form a major strandplain beach in front of and temporarily protecting the outer-scarped marsh. Also, notice the dead
submerged aquatic vegetation (SAV) that formed wrack berms at three different previous water levels. Photograph is from Murphy (2002). PANEL E. Winter
photograph looking east across the inner portion of the marsh platform, the narrow scrub-shrub zone, and the newly constructed barrier-dune ridge on the
east side of the new N.C. Hwy. 12. Notice the beach berm in the lower right hand portion of the photo that is composed of a lower sand component and two
upper SAV wrack components. Also, behind the wrack berms is an iregular patch of rafted wrack within the transition zone vegetation. PANEL F. Looking
east at the newly constructed and vegetated barrier-dune ridge buitt to protect the post-Hurricane Dennis (1999) relocated N.C. Hwy. 12. These structures
eliminate the overwash and inlet processes that built this portion of the barrier island and are necessary for maintaining the island for the long term. Without
overwash and inlet processes supplying sand to the estuarine side, estuarine erosion rates increase, causing the barrier island to narrow through time.
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FIGURE 8-2-5. PANEL A. A 1992 oblique aerial photograph looking north towards Avon and
showing three previous locations of N.C. Hwy. 12, two of which are “going-to-sea” highways.
Notice the small marsh platforms that occur along the backside of the barrier island. The dark
vegetation occurring between the marsh platforms and upland overwash fans, is dense scrub-
shrub growing around the outer lobe of older overwash fans. PANEL B. A 1999 post-Hurricane
Dennis aerial photograph (N.C. Department of Transportation) showing N.C. Hwy. 12 (#3) “going-

to-sea” and the newly relocated N.C. Hwy. 12 (#4). The new highway was built on the west side of

the power lines in the 1992 photograph. However, there is no room to move the road further west
in the future, as the island continues to narrow in response to shoreline erosion that is taking place

on both sides of the barrier island.

and SAV grasswrack. Small overwash fan
sediments during the 1973 storm filled some
former tidd channels between marsh plaform
segments. Mogt of these sediment-filled aress
have since converted to marsh and been
incorporated into the adjacent platforms. More
recently, asmall sand headland composed of
ocean beach sediment formed from astorm
overwash thet flowed down an ORV roadbed and
was deposited into Pamlico Sound asasmall
overwash fan on the northern end of the study
ste. North winds transported these overwash
sediments southward aong the marsh shoreline,
which ends abruptly with asteep foredope a the

south end of the fan delta. The overwash sands
were subsequently reworked by wave processss,
producing amgjor srandplain beach in front of
and on top of the outermogt portion of the peat
platform and has temporarily sablized the
northern marsh platform segment. South of the
fan delta deposit, the scarped peat shordline
perdsts and continuesto erode.

The marsh platforms at the Buxton Stetend
to be very narrow and generdly condst of 1t0 2
feet of sandy pest on top of overwash fan
sadiments. The platform congsts of an outer

fringing marsh zone compased of Spartina patens

with local patches of Spartina alterniflora that
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occursin front of and is displacing the dominant
marsh grass Juncus roemerianus. Localy,
Juncus roemerianus occurs right up to the
eroding scarp, suggesting more rapid rates of
shoreline recesson than segments dominated by
Sartina. Landward of the Juncusisa
discontinuous, but dense zone of Borrichia (sea-
oxeye) and Iva (marsh eder) that grew within
thick accumulations of wrack associated with
the perimeter berm. Asthe wrack decomposes,
the resulting soft organic mud sediment isboth
compeacted and/or reedily scoured during high
gtorm tides, exposing the extendve root
networks.

The outer fringing marsh zoneis separated
from the narrow interior marsh by amajor
perimeter berm system composed of SAV wrack
and sand. Behind the perimeter berm, theinterior
marsh is dominated by mixed patches of Juncus
roemerianus, Spartina cynosuroides and wrack.
These marsh plants extend landward to arisein
dopethat marks the soundside edge of the 1962
storm overwash fans. The dopes of these
overwash fans are dominated by transition zone
and scrub-shrub vegetation. The erosiond
processes aong the scarped pegt platform
perimeter are Smilar to the Hatteras Stewith
soft under portions eroding and producing root-
bound overhangs. The overhanging blocks
ultimately wesken and brek off in regponseto
wave action and are deposited in the zone
adjacent to the shordline, which islittered with
small, eroded pest blocks.

It appears that the anthropogenic projects
may have dtered the pre-1962 sahility of this
entire back-barrier ssgment, changing the rates
of eduarine shordline eroson. The pogt-1962
gorm effortsto maintain N.C. Hwy. 12, with
increased atention to condruction and
maintenance of the barrier duneridge aswdl as
the raised road bed itsalf, minimized overwash
sadiments from renewing the back-barrier sand
supply. In addition, extensive dredging of up to
20-foot degp holesin firm, nearshore sediments
produced traps for shallow surface sands that
would normally be used to build strandplain
beaches againg the marsh plaform. Thisresults
indightly deeper water, dlowing increased
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wave energy to reach the marsh shordineand

causing increased rates of shoreine eroson. The

1992 oblique aerid photograph showsthree
subsequent relocations of the “ going-to-sed’
Hwy. 12. After thefourth N.C. Hwy. 12

relocation (1999 aerid photograph, resulting

from Hurricane Dennis, thereisno idand l&ft for

future highway relocations. The combinétion of
naturd and anthropogenic proceseson a
sadiment-starved barrier ssgment — located

within the highest wave-energy regime dong the

northwestern Atlantic margin— will ultimately
result in the collgpse of thisbarrier ssgment as
indicated in Figure 6-3-4A.

The 1998 DOQQ (Figure 8-2-6) showsthe

location of digitized shordlinesfor years 1962,
1974 and 1998. From 1940 to 1962, there does
not appear to be any sgnificant eroson aong
thisshoreline. However, from 1962 to 1974, the
shordline receded & an average rate of —8.7 ftfyr
with an average low rate of 3.3 and an average
high rate of —18.6 ft/yr (Table 8-2-1). Themgor
tiddl channdls present in the 1962 aerid
photograph were completely filled with
washover sand after the Feb. 13, 1973, gorm to
produce thefairly straight shordine that appears
inthe 1974 aerid photograph. During the period
from 1974 to 1998, only minima shoreline
change occurred with anet average accretion
rate of +0.2 ft/yr. However, accretion was not
uniform: the southern 1,450 feet accreted & an
average rate of +0.8 ftfyr, while the northern-
mogt 350 feet eroded a an average rate of —2.0
ftfyr. Consequently, the net change for thisSite
from 1962 to 1998 was an average of —2.6 ft/yr.

8.2.D. Salvo Day-Use Site
(Figures 8-2-8, 8-2-9 and 8-2-10)

The Sdvo steislocated within the CHNS
day-use areq, immediatey south of the town of
Savo. Thesteislocated west of the northern
loop road and between two mgjor tiddl creeks
that flow into Clarks Bay. The study areaisthe
eduarine sde of amgor back-barrier berm that
contains scattered maritime forest with abundant
live oaks and an old cemetery. This back-barrier
berm isterminated at both the north and south
endshy major tidd creeks, with thick Juncus
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FIGURE 8-2-6. The Buxton Inlet site 1998 Digital Orthophoto Quarter Quardrangle (DOQQ),

with digitized shorelines for 1962, 1974, and 1998.

roemerianus marsh shorelines thet are not
eroding and have been in a congructiond phase
since the mid-1960s with elimination of
overwash processes. The sudy area does not
include these marsh shorelines associated with
theflanking tiddl creeks.

The study Ste shordline consigts of the lest
remnants of an eroding marsh platform with
locd sand-rich segments and astrandplain beech
eroded into the back-barrier berm. Send for the
drandplain beach was derived from both the
erasion of the back-barrier berm during high
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1952 storm tides, aswell asformer overwash sand
deposits supplied to Clarks Bay through the tidal

BUXTON INLET SITE-CAPE HATTERAS [ iumuisiautolimsnaitbas
NATIONAL SEASHORE (CHNS)

broad marsh platforms extending soundward
onto Hatteras Hats on both the north and south
sdes. Consequently, the shalow, sand-rich
character of thisshoreline, in concert with the
semi-protected setting and location of the broad
and shdlow Hatteras Hats, resultsin this
shoreline having relaively low eroson rates.
Thismarsh shoreline appearsto beinthe
find stages of disgppearing, assuming that it
origindly was more Smilar to the adjacent
marsh platforms. Mogt of this shordline consists
F s of an eroding sandy peet that commonly
Buxton Inlat displayssmall (< 1 foot high) erosiond scarps.
Flood-Tido F Theamdl interior marshes are dominated by
: Juncus roemerianus with a narrow outer
fringing marsh dominated by Spartina patens
and Soartina alterniflora. Also, the Spartina
tendsto be the dominant marsh grasson the
Continued on page 89

FIGURE 8-2-7. The Buxton Inlet site aerial
"ﬁ'ﬂ'"th: Ocean photograph time slices from 1962, 1964, 1983
and 2000. In the post-Ash Wednesday
nor’easter storm aerial photo of 1962, notice
the extensive overwash zone and the newly
opened Buxton Inlet. In the 1964 photograph,
notice the extensive sand bodly, or flood-tide
delta that developed on the sound side behind
Buxton Inlet. The inlet was closed by the U.S.
Army Corps of Engineers using sand dredged
from the dark rectangular holes in the flood-tide
delta immediately behind the former inlet. In the
1983 and 2000 photos, notice the two different
segments of N.C. Hwy. 12 on the left side of
the photo that were sequentially relocated prior
to each photograph. Also, notice the numerous
and extensive sand mines (red stars in 2000
photo) that were dredged up to 20 feet deep
between 1964 and 1983. The sand was used
to close the inlet and for several ocean beach
nourishment projects. The deep holes allow for
increased wave action adjacent to the estuarine
shoreline and prevents existing offshore sands
from moving into the back-barrier system, causing
increased rates of estuarine shoreline recession.
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FIGURE 8-2-8. Photographs of the Salvo Day-Use site. PANEL A. Winter photograph looking north along the outer portion of the peat platform.
Low wind tide has exposed the eroding wave-cut scarp in peat along the front side of the marsh platform. Notice that the outer zone is stripped of
marsh vegetation by storms and is rapidly colonized by green algae. PANEL B. Winter photograph looking south along the outer portion of the peat
platform during low wind tide. Notice how diifferent layers of peat are eroded off in a stair-step fashion and the occurrence of a high water berm
composed of dead submerged aquatic vegetation (SAV) with no sand. PANEL C. Close-up of the eroding marsh during a low wind tide. Notice the
tough modern root mass forms a sloping overhang (on the left side of the photo) as the softer underlying peat (visible on the lower right side) is easily
eroded. PANEL D. Close-up of a block of the modern, root-bound, upper peat surface as it begins to finally crack and break off. PANEL E. Summer
photograph of the very narrow Spartina alterniflora marsh platform in front of a sand upland dominated by maritime forest and the Salvo cemetery.
Notice the occurrence of a high-water level, thin sand berm perched on top of the marsh platform and a low water level, SAV wrack berm without
any sand. Photograph is from Murphy (2002). PANEL F. Winter photograph taken at the same spot as Panel E. Notice that there are two SAV wrack
berms with most of the sand gone that was associated with the upper sand berm in the previous photo. Also, the marsh grasses have been mostly
stripped off the peat surface due to winter wave action.
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FIGURE 8-2-9. The Salvo Day-Use site 1998 Digital Orthophoto Quarter Quadrangle (DOQQ)

with digitized shorelines for 1962 and 1998.

grandplain beeches. The outer fringing marshis
separated from the interior marsh by oneto
severd perimeter berms composed of sand and
SAV wrack.

The 1962 aerid photograph demongtrates
the important interaction between oceanic
processes and the esuarine shordine dong this
narrow barrier idand segment. The sudy Steis

the euarine Side of amgor overwash plain,
with two activetidd creeksthat trangport
sadiment into Clarks Bay and drain the
overwash events during sorms. The overwash
sands are subsequently reworked by storm tides
associated with sound-side processesinto
drandplain beechesin front of the scarped marsh
peet. Thisis acondructive and accretionary
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processthat generdly protects the backside of
overwagh barrier idands.

However, snce congruction of N.C. Hwy.
12 and increased maintenance of associated
barrier dune ridges on the ocean side, as
demongtrated on the 1978, 1983 and 1998 aerid
photographs, the overwash process has
essentidly been diminated a this Ste sincethe
Ash Wednesday 1962 nor’ esgter. Thus, without
the periodic input of “new sand” into this
eduarine shordine segment, this Ste will
probably begin to see increased rates of
shoreline eroson and recession through time.

The 1998 DOQQ (Fig. 8-2-9) for the study
Ste showsthe location of digitized shorelines for
1962 and 1998. The long-term pattern of
shordine change for thissteisafairly dow and
condgtent -0.9 ft/yr average eroson rate with a
range from an average low of 0.3 ftlyr toan
average high of —2.4 ftlyr (Table 8-3-1). Thissite
ismoderately well protected ingde Clarks Bay
with very shalow water and asand-rich bay
bottom. All environmentd indicators a thisSite
Support dow recesson rates. However, mgjor
shordine erosonisnoticesble on the large
marsh platform that formsthe south shore of
ClarksBay (Fig. 8-2-10). The ditched and diked
ares, dug within the marsh prior to 1940, has
been severely breached on the western Side by
1998.

8.2.E. Jockey’s Ridge and Seven Sisters
Dune Field Site

(Figures8-2-11, 8-2-12, 8-2-13, 8-2-14 and
8-2-15)

The Jockey'sRidge steislocated onthe
Roanoke Sound sde of Jockey's Ridge Sate
Park (JRSP). The Site extends from Sound Side
Road, northwest to the boundary between the
park and private sound-side development. The
shordineis oriented NW-SE and occurs a the
confluence of the west-east oriented Albemarle
Sound and the north-south oriented Roanoke
Sound (Fig. 8-1-1). JRSPisan active portion of
the back-barrier dunefidd that condtitutesthe
areafrom Nags Head Woods to the Seven
Sigersdunefidd. Figure 8-2-14 dramdticaly
demongtrates the severe modification thisvast

Chapter Eight: Short-Term Evolution « 89



CONTINUED:

dunefidld hasundergone betweenthe 1932 and [ = 1062

1999 aerid photographs. Extensive urban . i 5

development in concert with heavy vegetative . T : ! ",E'ALVD DAY-USE AREA-

growth have essentially fixed the highly mobile , /¢ CAPE HATTERAS

back-barrier dune fidd everywhere except I_.-" *NATIONAL SEASHORE

within the perk. However, even within the park, = [ (CHNS) B v 1] Al r

there has been significant vegetative growth P ; L. ot [

around the flanks of the main dunefield through ; e v gl L TR oy

time, including portions of the study site. At T i = L ".I'I;';_-‘f'?.m";pti:::
Theshordine s alow seciment benk e o N e LS

eroded into small dunes associated with Jockey's SN T 73 AP

Ridge and an associated strandplain beach. - < .

Erosion of the dunesresultsin avery sand-rich,
extremey broad and shdlow strandplain beach
that forms both the dominant shordine type
aong the southern 1,400 feet and an excdlent
swimming beech. Much of the dunefidd dong
the shoreline has been stahilized by pineand
scrub-shrub vegetation, resulting in the evolution
from adightly curved shordlinein 1964 toa
shoreline characterized by aseries of headlands
and covestoday. The heedlands are
semidabilized by adense outer fringing marsh
composed primarily of Spartina alternifloraand
Juncus roemerianus. Above the sand berm, the
inner marsh zoneis composed primarily of
Phragmites audtralis and Bacchariswith minor
Spartina cynosuroides. These headland marshes
Continued on page 92

FIGURE 8-2-10. The Salvo Day-Use site aerial
photograph time slices from 1962, 1978 and
1983. In the 1962 photograph, notice that —
even though N.C. Hwy. 12 and associated
barrier dune ridges were in place prior to the
Ash Wednesday nor’easter storm — the old
overwash pattern was re-established as the
cross-island water flowed into Pamlico Sound
through the existing channel structures on
either side of the study area. The ongoing
process of estuarine shoreline erosion through
time is obvious along the outer edge of the
impoundment in the upper left portion of the
photo sequence (1962 to 1983). By 1998 (Fig.
8-2-9) ongoing shoreline recession had eroded
through the adjacent dike and exposed an
ever-increasing length of the north-south ditch
to the open waters of the Pamlico Sound.

Pamlico Sound

Limit of Study
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FIGURE 8-2-11. Photographs of Jockey’s Ridge site. PANEL A. An oblique aerial photograph showing Jockey’s Ridge State Park and the
irregular geometry of the estuarine low sediment bank shoreline. Photograph is from the Field Research Facility of the U.S. Army Corps of Engineers.
PANEL B. Looking north along the eroding low sediment bank shoreline composed entirely of sand and covered with various types of grass
vegetation. The low wind tide has exposed the extremely broad and well-developed strandplain beach that consists of an upper portion occupied
during high wind tides and a lower portion occupied during low wind tides. Notice the grassed slump blocks that have collapsed in front of the
wave-cut scarp. PANEL C. Close-up view looking south along the eroding low sediment bank shoreline and associated upper strandplain beach.
Rapid recession of the wave-cut scarp has required the observation platform, which was sitting on top of the low sediment bank, to be repiled and
braced. Notice the exposed roots in the wave-cut scarp. PANEL D. Photo during a low wind tide from a marsh headland and looking east into a
cove. The shoreline is a low sediment bank covered generally by pine trees and a very broad and well-developed strandplain beach. PANEL E.
Photo looking southwest from inside the cove towards the marsh headland of Panel D. The abundant dead pine trees on the nearshore and
strandplain beach demonstrate the active rates of shoreline recession.
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have been growing long enough to form thin and
poorly developed peaty sand substrates thet now
partialy bind the ssdiments. Thisisan excdlent
example of afringing marsh as compared to the
marsh platform at the Nags Heed Woods site
with itsthick substrate of pure pest and an
eroding scarped shordine.

The 1998 Digitd Orthophoto Quarter
Quardrangle shows digitized estuarine shordlines
for 1964 and 1998. The Jockey's Ridge shordine
was divided into two segments. The southern
segment is about 1,400 feet of well-developed
grandplain beech in front of the adjacent dune
field. This shoreline digplays anet accretion of
+1.7 ftlyr during the study period with arange
from +6.1 ft/yr to local eroson of —1.7 ftiyr
(Table 8-2-1). The northern segment is about
3,290 feet and isdominated by alow sediment
bank shordinethat isactively eroding into the
adjacent dunefield. Dueto the sand abundance,
thereisasmal strandplain beach in front of the
eroding shoreline. The northern shordlineis
receding at —1.7 ft/yr with arange from alow of
-0.6ftlyr toahigh of -8.3 ftfyr (Table 8-2-1).

The Seven Sigters dunefield occurs due
south of Sound Side Road and extends more than
9,000 feet dong the Roanoke Sound shoreline.
The 1932 georeferenced aerid photograph for the
Seven Sgers area shows the location of the 1998
shordines and roads. Thisfigure suggeststhat the
ocean shordline has receded dong afairly
uniform line gpproximately 400 feet during this
66-year time period. During the sametime
interval, the etuarine shoreline receded dong a
much moreirregular pattern with some aress
receding up to 360 feet, and other spots
experiencing littleto no change. Thisshordine
was only localy modified prior to 1973, but has
been dmod totally hardened through major
development within the Seven Sigtersdunefield
gneethat time.

8.2.F. Nags Head Woods Site
(Figures8-2-16 and 8-2-17)

The Nags Head Woods Siteislocated on
The Nature Conservancy (TNC) property & the
west end of TNC Roanoke Hiking Trail. The
overdl shordineis oriented northwest-southeest
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ALBEMARLE
SOUND

NAGS HEAD WOODS
SHORELINE CHANGES-
THE NATURE CONSERVANCY
1864 TO 1888

SHORELINE CHANGES
1964 TO 1998
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JOCKEY'S RIDGE STATE PARK

FIGURE 8-2-12. The Jockey's Ridge and Nags Head Woods sites 1998 Digital Orthophoto
Quarter Quadrangle (DOQQ), with digitized shorelines for 1964 and 1998.

and is semiprotected within Buzzards Bay & the
easernmogt end of the west-eadt oriented
Albemarle Sound (Fig. 8-1-1). The Steisavast
marsh platform that drops off into 2 to 4 feet of
water, but has an overdl unique location with

respect to both estuarine and oceanic dynamics
The eagtern portion of Albemarle Sound that
occursimmediately west of Nags Heed Woods
is characterized by avest shdlow-water (1to 6
feet deep) sand deposit known as Colington
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Shodlsthat extendsalmost 5 milesto thewes.
On the eastern side of Colington Shods, and
directly oppogite the Nags Head Woods Site, is
adightly submergent (< 1 foot degp) smdler
sand shod that extends south off of Colington
Idand and produces the semiprotected
Buzzards Bay. These sand bodies absorb much
of the wave energy from the long fetch of
Albemarle Sound. Thus, oceanic influences do
not directly affect thissite and the eroson
processes are ggnificantly diminished dong
the backside of Nags Head Woods.

The Roanoke Trail runswest dong a
finger of uplandsthat extend soundward to the
shordine. Where the upland intersectsthe
sound it formsashort (~100 ft) zone of low
sediment bank shoreline fronted with a
drandplain beach and old trees dying from root
systems exposed by erosion. However, the
gregtest portion of thisSite, both north and
south of the cove with the low sediment bank,
condstsof an extensive marsh platform that
projects soundward. The marsh platform
condstsof organic peat sediment that isup to
about 5 feet thick on the headlands and thinsto
zero feet onto the low sediment bank shordline
dominated by upland forests within the center
of the site. The marsh shordline generaly
condgtsof al- to 4-foot erosiond scarp.
Because the peet isgenerdly thicker than the
erosion depth, the nearshore estuarine floor

Continued on page 95

FIGURE 8-2-13. The Jockey's Ridge site aerial
photograph time slices from 1962, 1971 and
1989. In 1962, the study site behind Jockey’s
Ridge was essentially an all active sand dune
with very little vegetation. Erosion of the dune
field provided the sand for an extensive
strandplain beach. A large portion of the dune
field along Roanoke Sound became vegetated
with pine and scrub-shrub through time, as
indicated on the 1971 and 1989 aerial
photographs. This changed the small-scale
pattern of the shoreline from a smooth curved
shoreline to the present irreqular shoreline with
numerous vegetated headlands and coves
(Fig. 8-2-11).
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FIGURE 8-2-14. Comparison of barrier island systems and the estuarine shorelines on aerial photographs from 1932 and 1999 for the northern
portion of Nags Head, including Jockey’s Ridge and Seven Sisters Dune fields. This segment is a complex barrier island (Fig. 4-5-1B) that is not
dominated by overwash. Thus, the back-barrier estuarine shoreline is not under the influence of oceanic processes. Rather, it totally responds to
estuarine erosion dynamics similar to a mainland estuarine system. PANEL A. This 1932 aerial photo predates any major shoreface modification
such as construction of barrier-dune ridges that would have inhibited the overwash process. However, N.C. Hwy. 12 had just been constructed and
the original beach houses built in the late 1800s occur along the ocean shoreline. Notice the village of Old Nags Head on the estuarine side of the
island. The Jockey’s Ridge and Seven Sisters back-barrier dune fields are extensive and very active. The photos were flown after a major nor’easter
in 1932 for the Beach Erosion Board (1935), as background data for a beach erosion study (Field Research Facility, U.S. Army Corps of Engineers).
PANEL B. This barrier island segment has been dominated by construction and continuous maintenance of extensive barrier dune ridges since the
late 1930s, along with massive urbanization that has minimized oceanic processes and allowed for the extensive growth of a major vegetative cover.
Since the estuarine shoreline is dominated by erosion, wherever development occurs, the shoreline has been extensively modified. However,

the shoreline behind Jockey's Ridge consists of portions of the older back-barrier dune field that have been partially stabilized by vegetation.
Consequently, this area is now in an erosional mode, resulting in a low sediment bank shoreline with a well-developed, sand strandplain beach.

The photo was flown by the N.C. Department of Transportation to evaluate shoreline erosion and the condition of N.C. Hwy. 12 following Hurricane
Dennis in 1999.
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SEVEN SISTERS DUNE FEELD 1832 AERIAL FHOTOGRRAFH (LUSACE)
SHOWING 1898 SHORELINES, HIGHWAYS. AND CANALS

—

1812 Sharuline

FIGURE 8-2-15. The Seven Sisters Dune Field site in a 1932 aerial photograph (Field Research
Facility, U.S. Army Corps of Engineers), with digitized shorelines (blug) and roads (red) from the

1998 DOQQ.

consigts of soft, in Situ pest that extends
hundreds of feet offshore. This demongtrates that
themarsh itsdlf extended at least thisfar offshore
inthe recent pagt and has been logt to shoreline
erosion.

Themarsh is dominated by adense growth
of Spartina cynosuroides dong the outer zone,
with Juncus roemerianus forming vast aress of
the back marsh. Waves erode this dlassic marsh
platform composed of athick sequence of

CONTINUED:

admogt pure organic matter to producea
scarped shordline. Asthe soft peet thet
underliesthe <1-foot thick modern root zoneis
eroded, large blocks of the tightly matted
uppermodt pest form extendve overhanging
blocks, upto 5to 10 feet across, that undulate
with every wave. Ultimatdly the blocks
wesken, findly bresk and fdll to thefloor of the
adjacent estuarine watersto be dowly broken
down withtime. Many of these blocks can be
seenin the shdlow nearshore waters Along
mogt of the marsh shoreline Spartina
CyNosUroides or Juncus roemerianus occurs
right up to the eroding edge. However, in some
aress eroson gripsthe main marsh plants off
narrow patches on the peat surface, aswell s
upper plates of the peet itsdlf, producing agtair-
step erosiond geometry. These barren peat
surfaces develop anarrow outer fringe of fast
growing Spartina patens during periods of low
eroson.

The 1998 DOQQ (Fig. 8-2-12) showsthe
location of digitized etuarine shordlinesfor
1964 and 1998. The datasummarized in Teble
8-2-1 support the following interpretation. The
open marsh shordline & thissiteis eroding a
an averagerrate of —L.7 ftlyr with ratesranging
from 0.0 ft/yr to highs of -4.0ft/yr. The
northernmost 1,000 feet andlyzed isasmilar
marsh shordline that occurswithin an
embayment and is Sgnificantly protected from
mogt wind directions. Consequently, the
protected marsh shoreline displayed long-term
accretion with an average rate of +0.6 ftlyr as
the marsh grew out over sand deposited within
the embayment.

8.2.G. Duck Field Research Facility
(Figures 8-2-18, 8-2-19 and 8-2-20)

The Duck Steislocated north of Duck
Villagein Dare County (Fig. 8-1-1) and west of
N.C. Hwy. 12 on the Currituck Sound Side of
the entrance gate to the U.S. Army Corps of
Engineer's Fidd Research Facility (USACE-
FRF). Currituck Sound isanarrow and shdlow
eduarine system that containslow brackish to
fresh water. The USACE-FRFison avery

Continued on page 98
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FIGURE 8-2-16. Photographs of Nags Head Woods site. PANEL A. Winter photograph looking northeast along the eroding edge of a narrow
marsh platform towards a small segment of low sediment bank dominated by a maritime forest of pine trees. Notice the irregular erosional geometry
of the marsh peat shoreline. PANEL B. Summer photograph looking the opposite direction to Panel A, southwest along the eroding edge of a
narrow marsh platform that fronts an upland region dominated by a maritime forest of pine trees. The outer zone of marsh grass is a mixed
assemblage of Spartina patens and Juncus roemerianus, while the inner zone of tall grass is Spartina cynosuroides. PANEL C. Close-up winter
photograph looking southwest along the eroding edge of a marsh platform. Notice the two large eroded peat blocks sticking out of the water just to
the right of the eroding shoreline. PANEL D. Close-up view of an eroding marsh peat headland along the shoreline in Panel C during a low wind tide.
The deeply undercut modern root zone slopes steeply into the water. A subsequent storm, with a high wind tide and wave action, will cause the
overhanging block to break off and produce an offshore peat block as is seen in Panel C. PANEL E. Close-up view of low sediment bank shoreline
that occurs in the distance in Panel A. The low wind tide has exposed the rippled sand flats of the lower portion of the strandplain beach. Notice the
many trees with the root structures exposed by the erosional processes. PANEL F. Close-up view of a dead live oak tree on the lower portion of the
strandplain beach. The entire root system has been exposed through the erosion of the upland soil.
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FIGURE 8-2-17. The Nags Head Woods site aerial photograph time slices from 1940, 1964, 1975 and 1983. These photographs show the four
major geomorphic components of this complex barrier island segment. In the 1940 aerial photograph, the modern beach prism and active back-
barrier dune field were essentially uninhabited and only slightly vegetated. These two segments have since undergone major urbanization along with
significant levels of vegetative stabilization by pines. Nags Head Woods, an older back-barrier dune field that contains a major maritime forest and
abundant inter-dunal freshwater lakes, has remained essentially unchanged through the same time period. The marsh peat platform has
accumulated up to 7 feet of peat that is systematically burying the irregular paleotopography of the Nags Head Woods dune field in response to
ongoing rise in sea level. Notice the long fingers of maritime forest (red color on the 1983 photograph) growing on the dune sands that extend
across the marsh platform (dark green color). The Nature Conservancy’s Roanoke Trail follows one of these features to the study site (red stars).
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Currituck
Sound

FIGURE 8-2-18. Photographs of the Duck Field Research Facility site. PANEL A. An oblique aerial photograph showing the densely vegetated
character of the estuarine shoreline at the Duck site. The narrow, outer and lighter green colored zone is marsh grass. Whereas, the darker zone
between the marsh and N.C. Hwy. 12 has dense scrub-shrub growing on top of the low sediment bank. Oblique aerial photograph is from the Field
Research Facility of the U.S. Army Corps of Engineers. PANEL B. Winter photograph looking north along the strandplain beach towards the eroded
low sediment bank scarp in the distance on the right side of the photo. Notice the fringing marsh consisting primarily of Juncus roemerianus in the
foreground and Phragmites australis in the background. In the middle of the strandplain beach is a wrack berm composed of dead marsh grasses.
PANEL C. Summer photograph looking east across the shoreline to the upland scrub-shrub. The shorter grass in the foreground is Juncus
roemerianus with Phragmites australis in the background.

narrow barrier idand segment. However, there
isaggnificant sand volumein améajor dune
fidd stuated between the highway and ocean.
The ocean shordineisanomaoudy seble
within this coastd segment. Consequently,
overwash has not been a dominant process
aong this portion of the barrier during recent
times.

The shordlineis oriented northwest-
southeast and occurs ong the backside of the
dunefidd stabilized by amgjor scrub-shrub
zonewest of the highway. At the western edge
of the scrub-shrub zoneisalow sediment bank
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upto 3to 5 feet high thet isoccupied during
high-water sorm tides. Eroson aong thisscarp
produces abundant sand that generdly fillsmuch
of thisscarp with amagjor strandplain beach.
Today, the strandplain beach contains a dense
fringing marsh condsting primarily of
Phragmites augraliswith varying amounts of
Juncus roemerianus and Spartina patens
Wherever Juncus becomes established, a
fringing pest beginsto form that bindsthe sand
and helps hold the outer marsh. In addition,
abundant SAV grows on the submerged portions
of the strandplain beach where the SAVshepto

buffer wave energy, and the fine roots tend to
help bind the sand.

The 1998 DOQQ (Fig. 8-2-19) shows
thelocation of digitized estuarine shorelines
for 1986, 1992 and 1998. The low sediment
bank a this Ste had anet average shoreline
recesson rate of -0.7 ft/yr, while the outer
marsvsrandplain beach had anet average
recesson rate of -0.3 (Table 8-2-1). The 1998
aerid photo displays awide and continuous
fringing marsh gtahilizing the srandplain
beach on the esuarine side of the scrub-shrub
zone. However, preliminary data suggest
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FIGURE 8-2-19. The Duck Field Research Facility 1998 Digital Orthophoto Quarter Quadrangle (DOQQ), with digitized shorelines for 1986, 1992 and 1998.

dternating periods of erosion and accretion.
For example, significant shordline erosion
occurred between 1986 and 1992 (Ave. =—6.3
ft/yr) with specific locations having average
ratestha range from +6.0to-23.5 ftlyr. The
1992 aexid photo demondrates an eroding
shordline that intersectsthe low sediment bank
covered with dense scrub-shrub. From 1992 to
1998, mgjor sand accretion and shoreline
growth occurred (Ave. = +5.7 ftfyr) with
specific locations having average ratesranging
from+15.5t0-3.0 ft/yr. A more detailed
inspection of annua aerid photographs taken a

thissite by the USACE-FRF suggeststhat
within the time frames presented in this studly,
thereare amdler scale dternationsin erosion
and accretion.

To understand the dynamics at this Site, it
isimperative to understand the specific Ste
history. A mgjor effort by the USACE, the U.S.
Soil Conservation Service and researchers
North Carolina State University was
undertaken between 1973 and 1979 to abate a
sarious eroson problem. These projects
involved extendve planting of many different
marsh grasses during different seasonsand

aress with periodic monitor surveys. During the
1973-79 USACE study period, the erosion rate
of the 3- to 5-foot sediment bank was about
—5ftlyr (Birkemeer, et d., 1985). The plantings
were carried out on the south Side of the access
road with an unplanted control areato the north.
According to Birkemeier (pers. com.), Since
1979 numerous grass planting workshopson
the estuarine shoreline have been held & the
Field Research Facility.

The Duck siteisan excdllent example of
therole of densefringing marshin the short-
term stabilization of alow sediment bank and
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FIGURE 8-2-20. The Duck Field Research Facility site aerial photograph time slices from 1986, 1992, 1997 and 2000. Notice how the fringing
marsh along this low sediment bank shoreline fluctuates through time. In 1986, the fringing marsh occurs only in the southern section of the study
area. By 1992, there is no fringing marsh in the study area. A very wide and dense fringing marsh occurs throughout the entire study area in 1997.
By 2000, the shallows in front of the access area (red stars) have opened slightly.

asociated strandplain beach. Inmost Stuations,  goesin acomplex pattern, dependinguponthe  associated with any given shordline, rather than
the fringing marsh minimizes, but does not storm activity and humen plantings. Thissite just conddering the net rate of changein the
gliminate erosion of the associated low sediment demonstrates the importance of understanding fringing marsh of —0.3 ft/yr recession between
bank shoreline. The fringing marsh comesand humen events aswell asthe natural processes 1986 and 1998.
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8.3. MAINLAND ALBEMARLE-PAMLICO The Stes sdlected to determine the Figure 8-1-1 and occur in the outermost portion
SOUND SHORELINE EROSION SITES shoreline eroson rates for the mainland of the Pamlico River estuary, Pamlico Sound,
Albemarle-Pamlico Sound estuarine area.and Albemarle Sound and dong the Alligetor River.
8.3.A. Summary: Mainland Albemarle- representing al mgjor shoreline types have All of these Stes are generally unmodified,
Pamlico Shorelines extremdy largefetches Thesitesarelocatedon except for the north end of Roanoke Idand. At

Table 8-3-1 Short-Term Erosion Rates for Mainland Albemarle-Pamlico Sound Sites

Summation of the short-term estuarine shoreline erosion rates for the mainland Albemarle-Pamlico Sound estuarine sites based upon the
present study. See Figure 8-1-1 for locations of study sites.

SITE AND TIME DISTANCE AVERAGE LONG-TERM EROSION
SHORELINE PERIOD ANALYZED RATE DATA — PRESENT STUDY
TYPE (YEARS) (FEET) NET (FT/YR) RANGE (FT/YR)

8. North Roaanoke Island — Eastern Albemarle Sound:

Sediment Bluff—NET 1969-1998 930 6.0 -48t0 -7.1
Sediment Bluff 1969-1975 930 -21.2 -19.8t0 -24.5
Sediment Bluff 1975-1998 930 -2.0 -0.8to -3.3
Sediment Bluff 1969-1975 450 -23.1 -21.3t0 -26.3
Modified Bluff 1975-1998 450 0.0 0.0to 0.0

9. Woodard’s Marina — Middle Albemarle Sound:

Swampforest 1963-1998 860 2.4 -15t0 -39
10. Grapevine Landing — Southern Alligator River:

Swampforest—NET 1981-1998 2,000 -1.8 -0.7to -5.8

North of Canal 1981-1998 460 -1.4

South of Canal 1981-1998 1,540 2.2

11. Point Peter Road — Northern Pamlico Sound:
Marsh Platform—NET 1969-1998 1,250 7.5 -71t0 -8.3

12. North Bluff Point — Southern Pamlico Sound:

Marsh Platform—NET 1983-2000 6,520 -5.7 -11t0o-115

SW of Canal 1983-2000 4,970 -6.9 -3.6t0-11.5

NE of Canal 1983-2000 1,550 -2.2 -1.1to -3.8
13. Swan Quarter Marsh Platform — Southern Pamlico Sound:

Open — S Swan Quarter Is. 1956-1998 15,000 -2.9 0.0to -10.9

Embayed — N Swan Quarter Is. & E Judith Is. 1956-1998 100,620 -1.2 00to 6.4
14. Lowland — Outer Pamlico River:

Low Sediment Bank—NET 1964-1998 7,221 -4.9 —2.7t0 -8.1

Marsh Headlands—NET 1964-1998 2,625 1.7 -0.8t0 -3.0
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thislatter site, asmal unmodified bluff segment,
located between highly modified sediment bank
shorelines, was sdected for the sudy ste.

All stes, except the northern end of
Roanoke Idand, are characterized by extremely
low devations characteridtic of the mainland
peninsulas. The mainland peninsulas dope
gredually seaward, findly intersecting sea level
a the coast and giving rise to the name “ down-
eadt lowlands!” The underlying minerd oil
formsthe framework of theselands and was
formed primarily during previous glacid and
interglacid periods of the Pléstocene. The

modern swamp forest and marsh systems
produced peet thet fills the topographic lows and
cqps the Plestocene sediment surface. These
peet deposits have formed in response to
ongoing conditions of seerlevel rise during the
10,000 years of the Holocene epoch.

The anomaous bluffs and high bankson
the north end of Roanoke Idand dso obtained
their high elevation and sand-rich depositsas
products of the present Holocene interglacia
events, in asmilar fashion to other elevated
features such as sand ridges on Currituck
Peninsula, Calington Idand, Nags Heed, Kitty

Hawk and Buxton Woods. The eroson rate data
for the outer estuarine shordline Sitesare
summarized in Table 8-3-1. These arethe Sites
wherethe lowland meetstherising sealevel and
angry waves of large drowned water bodies
Consequently, the erosion rates are high and land
lossisgredt.

8.3.B. North Roanoke Island
(Figures8-3-1,8-3-2, 8-3-3and 8-3-4)

Dolan and Bosserman (1972) and Dolan
and Lins (1986) sudied higtoric rates of
shordinerecession a 17 locations dong the

Continued on page 105

Table 8-3-2 Short-Term Erosion Rates for North Roanoke Island

Generalized shoreline characteristics along the north side of Roanoke Island as of 2001. The shoreline segments, types, modifications and
fetch are from this report and are summarized in Figures 8-3-1A and 1B. The station numbers and average erosion rate for 1851-1970 are
from Dolan and Bosserman (1972), Dolan and Lins (1986) and their unpublished reports in the CHINS.

RIGGS/AMES DOLAN SHORELINE SHORELINE FETCH DOLAN AVE
SHORELINE STATION TYPE MODIFICATION IN EROSION RATE
SEGMENT NUMBER OF AS OF 2001 MILES 1851-1970 (FT/YR)
1 1 Low Sediment Bank Extensive Strandplain Beach 8 -1

2 2 Marsh Peat Minor Strandplain Beach 5 -2

€ 3 Low Sediment Bank Rock Revetments/Jetties 25 -5

€ 4 Low Sediment Bank Wood Bulkheads 25 -4

3 9 Low Sediment Bank Wood Bulkheads 25 -4

4 6 High Sediment Bank Strandplain Beach/Trees 35 )

B 7 Bluff Rock Revetments 30 -8

B 8 Bluff Rock Revetments 30 -9

6 9 Bluff Strandplain Beach/Trees 20 -3

6 10 Bluff Strandplain Beach/Trees 20 -3

7 11 Bluff Wood Groins/Strandplain Beach 5 -3

8 12 High Sediment Bank Rock Revetments 5 -3

9 13 High Sediment Bank Wood Groins/Breakwaters 4 4

10 14 Low Sediment Bank Mixed Modifications 8 -4

10 15 Low Sediment Bank Mixed Modifications 8 -4

11 16 Marsh Peat Major Strandplain Beach 8 -3

11 17 Marsh Peat Major Strandplain Beach 8 -4

12 Sand Spit/Marsh Local Peat Headlands 8
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FIGURE 8-3-1. Maps of
northem Roanoke Island
showing the average
annual estuarine shoreline
erosion rates by shoreline
segment, shoreline types,
types and locations of
shoreline erosion-control
structures, and the
relationship between
erosion rates and distance
of open water (fetch) that
impact different shoreline
segments. Actual erosion
rates for any given shoreline
segment are dependent
upon the type of shoreline,
in concert with the fetch
and a whole series of other
variables (see Chapter 5).
PANEL A. Map shows the
average, annual estuarine-
shoreline erosion rate data
of Dolan and others (1972,
1986). The erosion data
generally predate the
construction of most
erosion-control structures.
Due to the high erosion
rates, much of the shoreline
has now been armored and
is now relatively stable but
without sand beaches (Fig.
8-3-2B). The map also
shows the location and
type of structures, as well
as the distribution of
shoreline types used in the
present study. PANEL B.
Meap showing the
differences in amount of
fetch around the northem
end of Roanoke Island.
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Dough Cemetery

y -
Recession 1_95_:]'24]1]2

FIGURE 8-3-2. Photographs of the North Roanoke Island site. PANEL A. March 2007 photograph looking east along the bluff to high sediment bank
shoreline of Segment 6 (Fig. 8-3-1A). Photo is from Dough Cemetery at the east end of Segment 5 containing the rock revetment. The eroding bluff shoreline
decreases in elevation to a high sediment bank in the easterly direction. Notice the extensive overhang of the modern root-bound soil mat. This overhang will
ultimately collapse, dropping the associated trees onto the bluff and strandplain beach, where the continuous supply of trees and shrubs provides an evolving
natural debris groin field. The increased size of the strandplain beach in the distance marks the beginning of Segment 7 containing a wooden groin field.
PANEL B. March 2001 photograph looking east along the rock revetment of Segment 5 (Fig. 8-3-1A). The rock revetment was built in 7980 by the National
Park Service to abate the —23.1 ft/yr of shoreline recession between 1969 to 1975 (Table 8-3-1). Notice that there is no strandplain beach in front of this rock
revetment. PANEL C. June 2001 photograph looking west along eroding sediment banks of Segment 6 (Fig. 8-3-1A). The photo shows the amount of
recession of the unmodified sediment bank shoreline (Segment 6) since 1980. PANELS D and E. March 2002 close-up views of the wave-cut scarp along
Segment 6 (Fig. 8-3-1A). Notice that the bluff is composed entirely of clean sand except in the zone labeled as a paleosol where a thin layer of sand is bound
by organic matter and stained by iron oxide. Due to the composition, large blocks of sand slump off the bluff and form a sediment apron along the backside
of the strandplain beach (below the white dashed lines). During subsequent high tides, waves systematically erode the slump aprons, forming the cuspate
scarps and reworking sand into the strandplain beach.
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has dways been sand rich and is characterized
by agrandplain beach littered with treesand
shrub debris from collapsing dump blocks.

During normadl, fair-weether conditions,
thewater level and wave action islocated well
down on the strandplain beach. At thistime, the
bluff is not being eroded by wave action, but it
does erode dowly in response to wind activity,
groundwater seepage and gravity. However, the
major periods of erogon occur during high
gorm tides, when water level rises abovethe
grandplain beach, dlowing wave energy to
directly impact the bluff. Undercutting the
lower portion of the bluff leadsto ingtahility of
the steep and often overhanging upper portion
that contains trees. Overhanging trees severdy
blow in strong winds asrain saturatesthe sand
bank. Eventudlly, large unstable sections of
bluff dump onto the strandplain beach to be
directly eroded by wave action. Asdump
blocks are reworked with time, new sand is
added to the beach, with the larger vegetation
developing naturd groinsthat aid in trapping
and holding the strandplain beech.

The 1969 and 1994 aerid photos
demongrate the Sgnificant shoreline recesson

ALBEMARLE SOUND

Sagment 5
. W

NORTH ROANCHKE ISLAND-
FORT RALEIGH NATIONAL

5FI‘:+I:!‘§L?J?EI-$LLT:EE5 for this areathrough time. Notice the generdly
1969 TO 1998 smooth shordine on the 1969 photo inwhich

old U.S. Hwy. 64 formsamini-headland as
road debris collgpses onto the beach. Datafrom
Teble8-3-1 suggest that from 1969-1975, this

3 shordinewas receding at average ratesfrom
CROATAN S0OUND i —21.2t0—231ftlyr. Dolan et d. estimated their
highest shordline erosion rates of -8 to—9 ftfyr
for the shordlinein front of old U.S. Hwy. 64
and Dough Cemetery (dtions 7 and 8 of Dolan
and Segment 5 of thisreport) (Fig. 8-3-1A). In
response, the Nationd Park Service hardened
al of Segment 5. The 1994 and 1998 photos
digplay amuch broader headland forming in
response to the heavy rock revetment emplaced
north end of Roanoke Idand (Fig. 8-3-1). They  for each shordine segment and present satusof — infront of old U.S. Hwy. 64 and the Dough

FIGURE 8-3-3. The North Roanoke Island site 1998 Digital Orthophoto Quarter Quadrangle
(DOQQ) with digitized shorelines for 1969, 1975 and 1998.

used aerid photographs (1943, 1963and 1970)  shoreline hardening. Cemetery to the esst. The naturd bluff

aong with estimates of shorelinelocation Theshordinedong Segments5and 6isa shoreline of Segment 6, east of the Dough
obtained off mapsfrom 1851 and 1903. Teble 20- to 30-foot high bluff composed dmost Cemetery, continued to recede a an average of
8-3-2 and Figure 8-3-1A show the shoreline totally of clean sand with mixed upland =20 fthyr.

dataof Dolan and others, aswell asthe hardwood and pine forest cover on top of the In the 1969 photo, natice the extensive

shordine types of Rigg, fetch determinations bluff. Dueto the sand composition, thisshordline  sand spit in front of the main shoreline dong
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the northeast portion of Roanoke Idand. The 1969
sand to build Crab Claw Spit came from erosion
of the northern shoreline and subsequent
longshore transport in response to strong Albemarle Sound
northwest winter winds. Notice thet by 1994
Crab Claw Spit haslargely broken down, and
portions have migrated further to the southeadt.
Thisdramatic breskup and spit migrationisa A
direct response to loss of the sediment source o, Ea ot
resulting from hardening most of the northem Did U.5! Hﬂy-ﬁq.
shordlines (Fig. 8-3-1A and Table 8-3-2). R L |

The shoreline eroson data presented in
Tables8-3-1, 8-3-2 and Figures 8-3-1, 8-3-3
demongtrate severa important relationships that
can be summarized asfollows

Crab Claw Spit

e 1. Priorto 1970, the overdl averagerate of
shoreline recession for the north end of
Roanoke Idand ranged from about —4

to-5fthyr.
* 2. Within specific idand segments, the

average shordline recesson dataranged

from-1t0-23 fWr. Actud erosion rates

et e pe NORTH ROANOKE ISLAND-

fetch. FORT RALEIGH NATIONAL HISTORIC SITE

1994 Limit of Roanoke Sound

FIGURE 8-3-4. The North Roanoke Island site
aerial photograph time slices from 1969 and
1994. Crab Claw Spit formed over time from
high rates of sediment bank erosion on the
north end of Roanoke Island and the
associated long-shore currents driven by
northwest storms. However, during the latter
part of the 20th century, the amount of
sediment feeding Crab Claw Spit rapidly
diminished as most of the north end of
Roanoke Island was stabilized (Fig. 8-3-1A).
Loss of the sediment source led to destabilization,
breakup and rapid eastward migration of the
Spit remnants as demonstrated in the 1994
photo. As the Spit moves, shorelines formerly
protected behind the Spit become re-exposed
to open water and increased rates of shoreline
erosion. The red star marks the same spot on
both photographs.
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* 3.

Low sediment bank and marsh peet =
eroson ratesof -1 to—4 ftiyr.

Bluff and high sediment bank =
erogon rates of -4 to-23 ftfyr.

. Low fetch (3-5mi) = erosion rates of

—1to—4ftlyr.

. Highfetch (20-35 mi) =

erogon rates of -3to 23 fthyr.

Shoreline Segments that have abundant
sand avalable to build offshore send bars,
spitsand lagoons, or broad srandplain
beaches have minimum annual erosion
rates and are even accretionary on alocd
and temporary basis.

Shordinesin coastd Segments1and 2.on
thewest (Fig. 8-3-A1) areeroding
dightly, in spite of local protective
dructures. In addition to the low fetch, the
—1to-2ftlyr rateis partly dueto
availability of large sand volumes that
form an extendve srandplain beach with
many shalow sand barsin the nearshore
aea

The shordinesin coagtd Segments 11
and 12 ontheeast (Fig. 8-3-A1) areonly
dightly eroding today dueto alarge sand
Spit, back-gpit lagoon and marsh system.
Thirty yearsago, the spit sysemwasin
front of and protected Segment 11.
However, the it system has migrated
SE infront of Segment 12. Thishes
exposed back-spit marsh peat in Segment
11, whichisnow an eroding peet
shordline.

. Shordline protection messures have been

implemented, sincethe Dolan et &.
dudies dong therapidly receding
shordinein Segments 3, 5 and 7 through
10. These dtructures terminated
production of “new” sediment that

hed previously been supplying “ new”
sand to beachesin Segments 1-2 and 11-
12 in response to northeast and northwest
storms; respectively. Consequently,
unprotected shordinesin Segments 1 and
2 have begun to erode more severdly.
Also, the spit that protected Segment 11

.4

e 5.

hasincreased itsrate of migration to the
SE and has begun to bresk up resulting in
eroding peat headlands dong the
shordline of Segment 12. Segment 11 has
now begun to erode the back-spit marsh
peet and will begin to erode the adjacent
Sediment bank in the neer future,
followed by the Segment 12 shoreline.

Prior to 1970, only afew ssgmentsof the
shordine were modified by shordline
protection structures. Since 1970, human
modifications have hardened many
remaining shoreline ssgments,
sgnificantly decreasing eroson rates
aong mogt of the North Roanoke Idand
shordines.

Today about 75% of the north end of
Roanoke Idand (Fig. 8-3-A1) hasbeen
armored with acombination of rock
reveiments, wooden bulkheads, groins
and breskwaeters.

. Shoreline recesson gppearsto have been

temporarily stopped dong mogt of these
coagtd segments. However, many
wooden bulkheads and older groinsare
failing.

. None of the shorelineswith bulkheads or

rock revetments have sand beaches
Wheress, those shordlineswith only groin
fields have trapped sand with mgjor sand
srandplain beaches.

The 1998 Digitd Orthophoto Querter
Queadrangle shows the location of
digitized esuarine shordinesfor 1969,
1975 and 1998 from the present study
with the following condusions.

From 1969 to 1998, Segment 6 had an
overd| averagerate of shordinerecesson
of -6.0ftlyr (Teble8-3-1). Thisisa
dightly dower ratethan what Dolanet d.
obtained for Segment 5 during the period
from 1851 to 1970.

. However, coastd Segments 5 and 6

eroded a averagerates of —23.1 and
—21.2 fthyr. from 1969-1975, respectively
(Teble 8-3-1).
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C. Duetothislarge eroson rate and threst to
the higoric Dough Cemetery, amassive
rock revetment was built by the National
Park Servicein Segment 5in 1980. Since
1980, no further shoreline recesson of
Segment 5 has occurred.

D. Segment 6 continued to erode Since 1980,
however, a amuch dower average rate
of —2.0 ft/yr between 1975 to 1998.
Erosion ratesin Segment 6 are the highest
immediately east of the stahilization a the
Dough Cemetery (-3.3 ft/yr) and dowly
decrease easward to Segment 7 that
contansawooden grain field. These
groins have trapped Sgnificant sand and
produced awide strandplain beach off the
Elizabethan Gardens.

* 6. Long-term shoreline changes have been

sgnificant dong the North Roanoke

Idand shordline.

A. Assumean average shordine recesson
rate for nonhardened portions of the north
shoreto be—6.0 ft/yr and thet thisrate has
been congtant over the past 320 or 0
yearssncethe Logt Colonigtslanded.

B. Theegimated net shordine recesson
would be about 1920 feet or —0.36 miles
Thiswould have resulted in theloss of
about 461 acres off a 2-mile ssgment
aong the northern end of theidand.

8.3.C. Woodard’s Marina Site
(Figures8-3-5,8-3-6 and 8-3-7)

Woodard's Marinasiteis|ocated about five
miles northeast of Columbiain Tyrrell County (8-
1-1). The Steison the southern shore of the
Albemarle Sound and occurs on the soundward
sde of acommercid fishing marina excavated
within the upland between 1995 and 1998. Along
the sound isanarrow wetland consigting of
swampforest vegetation that incressesin width in
both the east and west directions from the marina
Thissteisasmdl and accessible swvampforest
shordline characterigtic of many miles of larger
and inaccessible shordline occurring dong vest
gretches of the Albemarle Sound and itstributary
eduaries
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FIGURE 8-3-5. Photographs of the Woodard’s Marina site. PANEL A. Summer photograph looking south into the three common zones that
characterize swampforest shorelines. The photo is taken from within the ghost swamp forest of Zone 3 and backed by the dense growth of
Spartina cynosuroides that characterizes the middle Zone 2 and represents the shoreline. Behind the marsh grasses is the dense and living swamp
forest of Zone 1. PANEL B. Winter photograph looking west along the swampforest shorelines from the same general location as Panel A.

PANEL C. Close-up photo of the shoreline (Zone 2) characterized by a small sand berm, which supports the dense growth of Spartina cynosuroides.
Photograph is from Murphy (2002). PANEL D. Close-up photo of the cypress trees and associated knees that are the last survivors within Zone 3

as the shoreline of Zone 2 moves landward.

This particular swamp forest isaportion of
floodplain associated with the small tributaries of
an old stream system that is being drowned by
risng sealevd. Thefirgt- and second-order
sreams of thisolder drainage system are
generdly shore pardlel and flow into larger third-
order tributary streamsthat are generaly shore
perpendicular. These drainages are obvious on the
associated figures containing aerid photographs
of theregion. The latter sreamsflowed north into
the Roanoke River during the last glacid
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maximum and are now dowly being consumed
by the ongoing risein sealeve associated with
the present interglacid period (Fig. 6-2-1).

As depicted on Figure 8-3-7, rising sea level
drownsthe land and associated drainage systems,
causing the shordline type to change through time.
Shordline erosion intersects uplands on the
interstream divides, producing low sediment bank
shorelines. With continued erosion of the low
sediment bank, the shoreline ultimately intersects
thefloodplain swamp forest of the next first- or

second-order stream further up the drainage
system. Wherever the larger third- and fourth-order
streams enter Albemarle Sound, amgjor cypress
headland extends out into the Sound, as seeninthe
aerid photographs on both the right and left Sides
of the study site. Notice that the headlands get
larger through time and extend further out into the
Sound. Thisresults from the differentid eroson
between low sediment banks, which have higher
rates of shoreline recession compared to the more
dowly eroding swampforest shordlines.



ALBEMARLE SOUND

FIGURE 8-3-6. The Woodard’s Marina site 1998 Digital Orthophoto Quarter Quadrangle (DOQQ)

with digitized shorelines for 1963 and 1998.

Swampforest shordlines are difficult to
define due to the diffuse nature of the erasion
process. Because thisis adrowning process,
there generaly isaseries of broad zonesthat
occur from landward to soundward asfollows.

A. ZONE 1: Theinnermog zoneisthe
floodplain swamp forest that is now below
sealeve, and thereforeis continuoudy
flooded with sound water. Svamp maple and
gum treeswithin this zone become stressed

CONTINUED:

and beginto die, in responseto amore
permanent flooding date. In addition, thereisa
mgor growth of new wetland species,
including reeds and marsh grasses, asthis
sysem trangtions from an irregularly and
temporarily flooded swamp forest toa
permanently flooded condition.

B. ZONE 2: Themiddle zoneisusudly
defined asthe shoreline. Itisahighly varigble
zonethat containsthe dying and recently deed
treesand generaly contansasmal sand berm,
if sand isavailable in the shalow waters of the
adjacent estuary. Mogt swamp maples are now
deed, and gum tressare dying. If cypressis
present in the swvamp forest, it generdly persists
through the middle zone and is il vigble well
into the outer zone.

C. ZONE 3: The outer zoneisthe ghogt forest
that resembles the shambled remnants of aonce
great army, now lying defeated on the
battlefield. Solitary, bare, broken and gedly
gray treetrunks occur in dl stagesof collgpse.
Falen and crumpled logs itter the sound floor
like land mines. Ghogtly and gnarled tree
sumps are excavated by ongoing erasion
processes exposing their complex root
networks like pider webs that have trgpped the
invading army. Locally some live, but now
dressad cypresstrees extend well into the outer
zone, where they stand guard like old battle-
worn soldiersfrozenintime.

Woodard's MarinaSteis characterized by
these three zones. A well-devel oped sand berm
sparatestheinner and outer zones and semi-
isolatesthewaterswithin Zone 1 from Zone 3.
Thebermisaproduct of gsormswhenitisan
active and dynamic beach. A dense growth of
Spartina cynosuroides, with some Spartina
patens, forms afringing marsh on much of the
sand berm and extends back into the inner
swamp forest. The peat sediment that underlies
this swamp forest (Zone 1) wasformed within
ariverinefloodplan andisupto 5 feet thick.
Underlying the pegt isatight, Pléstocene age
clay. The peat bed extends benegth the
shordline (Zone 2) and onto the floor of
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Albamare Sound

FIGURE 8-3-7. The Woodard'’s Marina site aerial photograph time slices from 1956, 1978, 1989 and 2000. Notice the dense swampforest
vegetation associated with the stream valleys of the many small drainage systems flowing into Albemarle Sound. A small, classic drainage system
occurs within the boxed area on the 1956 aerial photograph. Notice that a very prominent cypress headland (red stars) occurs where the main stem
of this stream intersects the Albemarle Sound shoreline. The shoreline within the cove west of this cypress headland is a low sediment bank that has
agricultural production. Compare the location of this cove through time as the low sediment bank recedes more rapidly than the adjacent
swampforest shoreline. Due to the geometry of the drainage system, the length of swampforest shoreline increases through time at the expense of
the sediment bank shoreline, along with a significant increase in the distance the cypress headland extends into Albemarle Sound.

Albemarle Sound (Zone 3), wherethisin Situ
peat forms a soft and spongy estuarine bottom.
However, with time, the uppermogt portion of
pesat is systematicaly eroded avay by wave
activity in the offshore aress.

The 1998 DOQQ (Fig. 8-3-6) showsthe
location of digitized esuarine shordlinesfor 1963
and 1998. The Woodard's Marinaste hasan
average shordine recession rate of —2.4 ftiyr
(Teble 8-3-1), with arangein eroson rates from
—15t0-39ftlyr.
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8.3.D. Grapevine Landing Site
(Figures8-3-8and 8-3-9)

Grapevine Landing islocated within the
Pocosin Lakes Nationd Wildlife Refuge of the
U.S Fish and Wildlife Service Thesteis
Stuated on the southwestern shore of the
Alligator River in Tyrrel County. It is
approximately 3 mileseast of the Gum Neck
community at the east end of Cahoon Road. The
road and its adjacent cand intersect the shoreline

inthe gpex of Grapevine Bay. Consequently, the

shordine & thissite hastwo digtinct regiona
orientations: a northeas-facing shoreline ssgment
with areaively large fetch and a southesst-
facing segment with areatively smaler fetch.
TheAlligator River isafresh, blackwater estuary
dueto the drainage from vast pocosin swamp
foressthat fringe most of this drowned-river
gysem.

Grapevine Landing is extremely complex
and quiteirregular onthelocd scale. Itisfirgt and

Continued on page 112
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FIGURE 8-3-8. Photographs of the Grapevine Landing site. PANEL A. Summer photograph looking north along the swampforest shoreline of the
Alligator drowned river estuary. This swampforest shoreline has been extensively modified by natural processes, resulting in a broad shoreline

zone of marsh and strandplain beaches. The photo shows the southern portion of the study area, the landing (pier) in the center and the northern
portion of the study area in the distance. PANEL B. Winter photograph looking south across the southern portion of the study area from the pier.
The outer zone of marsh grass is generally Juncus, whereas the inner zone occurring within the swamp forest is generally Spartina cynosuroides.
PANEL C. Close-up of strandplain beach within a cove formed by a small headland of stumps and covered with Juncus marsh grass. Photograph is
from Murphy (2002). PANEL D. Close-up of an eroded section of swamp forest with the root systems exposed and Spartina cynosuroides marsh
grass within the existing swamp forest. Photograph is by M. Murphy. PANEL E. Close-up of a strandplain beach within a cove formed by a headland
of swampforest trees that have been recently uprooted. The strandplain beach consists of a thin, basal bed of quartz sand burying the eroded

peat substrate. The denser quartz sand has been buried by a one-foot thick accumulation of very light organic detritus. PANEL F. Close-up of the
depositional and erosional sediment structures produced in the organic detritus layer on the strandplain beach during the last falling wind tide. The
coffee-colored water is visible at the bottom left corner of the photo.
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foremog a swvampforest-dominated shordline.
However, some sand is available on the bottom
of nearshore regions within the Alligetor River.
Thus, srandplain beaches occur in many coves
aong the svampforest shoreline. Because thisis
generdly alow energy system, the lower
portions of some strandplain beachesare dso
covered with adense fringing marsh of Juncus
effusus, afreshwater peciesthat formsthin
sandy peats. The upper portions of strandplain
beeches, formed by high water sorm surges
from northerly winds, are covered with a
ggagmﬁfmm;ﬁgm R acd g L. o NENEL . GRAPEVINE LANDING
vegetation. When the storm beaches are being : _._: .l-T- ' L..nh_-' i L ¢ SHORELINE CHANGES-
formed, high wave energy commonly gtrips off Lo e = v 58 - POCOSIN LAKES NATIONAL
the'O\Ne'zoneof‘]umjsmgql e(Ix)grgﬂ'E - l."" o S g, AT .. | u WILDLIFE REFUGE
peaty send subgtrate for Spartina patens ‘ o Yt © g S i 1981 TO 1988
recruitment. - : " i T

Almog the entireAlligator River shordline
iscomposed of swampforest pet, dl of whichis
dowly eroding. Thisresultsin avery large
detrital organic sediment component everywhere
around the shores. The organic detritus
accumulates on top of the heavier quartz sand
component of strandplain beaches. Asthe upper
organic layer driesout it becomes dightly
indurated. The next wind tide bringsin anew
layer of quartz sand that buriesthe semi-
indurated organic layer. Asthe high water
subsides, the abundant and lighter organic
detritus settles out of the water and is
concentrated by the wave energy on the
drandplain beech. Thisresultsin dterneting
deposits of sand and organic detritus that
accumulate until alarge sorm erodes the entire
grandplain beach and directly attacksthe
exposed swampforest shordline. It isthen that
wave energy erodes the soft pest from around

swampforest trees, exposing the root masses.
From thetime the sorm subsides until the next FIGURE 8-3-9. The Grapevine Landing site 1998 Digital Orthophoto Quarter Quadrangle

storm, depositional processes rebuild the (DOQQ) with digitized shorelines for 1981 and 1998.

strandplain beech thet temporarily buriesand

protects the shoreline. However, the exposed The 1998 DOQQ (Fig. 8-3-9) showsthe -0.7 to-5.8ftlyr (Teble 8-3-1). Thissitehastwo
treesare now sressed and ultimately either die  location of digitized estuarine shordines for diginct shordline orientations, with significantly
or are blown over by subsequent sorms, leaving 1981 and 1998, During this period, the different fetchesthat erode a dightly different
atrail of logs, sumpsand roots behind on the Grapevine Landing site had an average shordline  rates. The northeast-facing shoreline, south of
adjacent euarinefloor. recesson rate of —1.9 ftiyr, with arange from Continued on page 114
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FIGURE 8-3-10. Photographs of the Point Peter Road site. PANEL A. Winter photograph looking west at the former freshwater, swampforest shoreline that
has recently evolved into a fresh- to low brackish-water transition zone with marsh vegetation. Today, the vegetation is dominated by Spartina patens,
Cladium, Baccharis, and Myrica. PANEL B. Close-up of the highly imegular eroding geometry of the peat shoreline. The small headlands are held up either by
modem Baccharis and Myrica stumps that occur at the shoreline as it recedes or by larger stumps and logs that occur in the lower portions of the eroding
peat bank. PANEL C. Close-up of the irreguiar peat shoreline displaying the tops of the abundant, large, eroded peat blocks that litter the nearshore area.
Notice the irregular wrack berm on top of the Spartina patens marsh. PANEL D. Close-up view of erosional wave action that causes the upper and
overhanging moderm root-bound layer to oscillate as the softer; decomposing under layer is actively eroded away. PANEL E. Similar photo to Panel A, but
with a small strandpplain beach composed totally of organic detritus eroded out of the undertying peat bed. The presence and extent of this organic detritus is
extremely variable and dependent upon the season and storm patterns. Notice how the irregular erosional geometry of the original peat shoreline can be
seen on the landward side of the strandplain beach. PANEL F. Winter photograph looking north from the same location as Panel E. Now;, the entire eroding
peat shoreline is buried beneath an extensive strandplain beach composed totally of organic detritus. This detrital accumulation is over 3 feet thick at the
water’s edge and extends some diistance seaward below the water's surface. Notice the beautifully detailed, and small-scale depositional and erosional
sediment structures that are preserved on this beach as the water rises and falls in response to the wind tides.
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the candl, has afetch of about 10 milesand
erodes & an average rate of —2.2 ftlyr. Wheress,
the southeast-facing shordling, north of the cand,
has afetch of about 4 milesand erodesat an
average rate of 1.4 ftlyr.

8.3.E. Point Peter Road Site
(Figures8-3-10, 8-3-11 and 8-3-12)

The Point Peter Road steisin the Alligator
River Wildlife Refuge of the U.S. Fishand
Wildlife Service. It islocated on thewestern
shore of northern Pamlico Sound about 4.25
miles north of Stumpy Point villagein mainland
Dare County. It occurs about 1.6 miles esst of
U.S. Hwy. 264 at the end of Point Peter Road, a
seasond road built on materid dredged from the
adjacent ditch.

The Dare-Hyde Peninsulaisavast fld,
upland, pocosin swampforest with anarrow
zone of marsh vegetation around the outer rim.
This entire peninsula has been severdy ditched
and diked through centuries of drainege
dteration and land modification. Modifications
dong thelow, outermogt rim of the peninsulaare
generdly limited to past congtruction of
impoundments, drainage ditches, and road dams
such as U.S. Hwy. 264 that passes near thissite.
The 1969 agrid photograph showsamgjor
impoundment ong the shordine on the north
Sdeof Point Peter Road and an associated ditch.

Thislow pocosin peninaulais being
drowned by the present ongoing risein sealeve,
causng mgor shiftsin vegetation zonation
around the peninsula perimeter. Rising weter
levels drown the svamp forest and
sysemeticaly replaceit with trangtion
vegetation and coagtd marsh grasses. The 1983
and 1998 aexid photos are both false color
imagestaken in the winter monthsthat
differentiate photosynthesizing vegetation in the
red colors (i.e,, pines, bays, etc.) frominactive
plants (i.e., deciduoustrees and grasses) as
yellow- and gray-green colors. Comparison of
thesetwo images 15 years apart demondtrates
asggnificant landward expangon of marsh at
the expense of the pocosin swamp foredt,
particularly up the drainage ditch beside Point
Peter Road. As sealevel continuestorise, the
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POINT PETER ROAD
SHORELINE CHANGES-
ALLIGATOR RIVER NATIONAL
WILDLIFE REFUGE
1969 TO 1998

FIGURE 8-3-11. The Point Peter Road site 1998 Digital Orthophoto Quarter Quadrangle (DOQQ)
with digitized shorelines for 1969 and 1998.

impact of modification structureswill become
increasingly important in determining the
ultimate trandition of vegetative zones.
Traveling east from U.S. Hwy. 264, Point
Peter Road transects three prominent zones.
Firg, isavast fresh water pocosin swamp forest

that gradesinto atrangtion zone of low scrub-
shrub vegetation and findly afreshwater marsh
aong the Pamlico Sound shore. These zones
display srikingly different color petterns on the
1998 Digitd Orthophoto Quarter Quadrangle.
The outer zone s dominated by Spartina patens
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FIGURE 8-3-12. The Point Peter Road site aerial photograph time slices from 1969, 1983, 1998 and
2000. Notice that the impoundment north of Point Peter Road is separated from Pamiico Sound by a
major outer ditch and associated dike. Comparison of land loss along the outer ditch between the 1969
and 19838 photographs demonstrates the rapid rate of shoreline recession. The diitch is long gone by
1998, and the impoundment has reverted to the natural vegetation pattern. Also, notice the major
expansion through time of transition zone and marsh vegetation (light gray-green color on the 1983 to
2000 photographs) at the expense of the swampforest vegetation (red color on the 1983 and 1998
photos and dark green on the 2000 photographs). This vegetation change is interpreted to refiect the
drowning of those low-lying wetlands in direct response to ongoing sea-level rise.

(sAtmeadow grass) and Baccharis (cotton bush),
with varying amounts of Cladium (sawgrass)
and Myrica (wax myrtle) scattered throughott.
Minor patches of Phragmites audralisare
beginning to gopear. The sawgrass and wax
myrtle grow primarily in freshwater marshes, but

now find themselves extending dl theway tothe
shordline of abrackish water sound. Mogt of the
Myricaisdead in the outermost zone, suggesting
thet the shordine marsh is out of equilibrium
with the adjacent estuarine sysem dueto either
rapid rates of erosion or hydrologic changesin
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fresh versus brackish weter affecting the system.
If the shoreline wasin equilibrium, the outer
marsh zonewould evolveinto a brackish-water
marsh dominated by species such as Juncus
roemerianus.

The overdl shordineisanorth-south
feature that containsalarge-scde, smooth,
cuspate geometry. However, onthe smaler scae,
the marsh edgeis quiteirregular and dominated
by aseries of narrow headlands and asociated
embaymentswith amplitudes up to 25 feet. The
marsh heedlands are dightly more erosion
resstant due to the presence of Myrica sumps
and root sysemsthat temporarily sabilizethe
points. The marsh embayments drop off into 1 to
2 feet of water, while the headlands generaly
drop off into 2 to 3 feet of water.

Some small embayments contain
drandplain beechesin front of the eroding peet
bank. The beaches generdly contain athin (< 0.5
feet) basdl layer of sand overlain by athicker (0.5
to 2.0 feet) layer of lighter wood and other
detritd organic matter derived from the erosion
of the peat shoreline. At timesthis dark brown
organic detritus beach becomes so thick and wide
that it totaly buriesthe eroding marsh shoreline,
forming beautiful small-scde depositiond and
erosiond gructures, induding berms, channdls,
tidal deltas, collgpsed scarps, ete.

Underlying the surface marsh isapure
Holocene pest substrate that rangesfrom5to 7
feet thick. The peat overlaysatight clay of late
Pleistocene age. The erosiond scarp dong the
shordineiscut 1 to 3 feet into the pest causing
thefloor of theinner eduarine areato be
composed of soft in Situ pedt. The peat floor
continues soundward for severa hundred yards,
thinning to zero thicknessin about 5- to 7-foot
water depths where tight Pléistocene clay forms
the estuarine floor.

The 1998 DOQQ (Fig. 8-3-11) showsthe
location of digitized esuarine shordinesfor 1969
and 1998. During this period, the Point Peter Ste
had an averagerate of shordlinerecession of —7.5
fthyr (Table 8-3-1). Recesson rates were laterdly
very uniform with recesson rates ranging from
only alow of —7.1to ahigh of 8.3 ft/yr.
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FIGURE 8-3-13. Photographs of the North Bluff Point site. PANELS A and B. Summer photographs looking northeast (A) across the Outfall Canal
to the upland vegetation on the far spoil bank and looking southwest (B) along the outer edge of the marsh platform. The outer zone of this platform
marsh consists of Spartina alterniflora that grades landward into a dense growth of Spartina cynosuroides. The latter grass is growing on a slightly
elevated zone of spoil that was deposited along the outside of the impoundment ditch as indicated on Figure 8-3-14. Notice the highly irreqular
shoreline geometry of the rapidly eroding marsh peat shoreline. Photographs are by M. Murphy. PANELS C and D. Close-up photographs of the
irregular marsh peat shoreline. The peat is about 6 to 7 feet thick at this point, with the wave-cut scarp eroded to depths of 2 to 4 feet below the
water surface. Thus, the bottom of the estuary is still in the soft peat. The estuarine floor gently slopes away from the land to 6- to 7-feet water depth
where the peat has been totally eroded away and the underlying tight clay forms the estuarine floor. Notice the dark coffee color of the water.

8.3.F. North Bluff Point Site
(Figures8-3-13, 8-3-14 and 8-3-15)

North Bluff Point islocated in Carolina
Gull Rock Game Land in Hyde County. The
study Ste occursa the end of the Outfdl Cand

Road and the ditch draining L ake Mattamuskest.

Theroad turns off of U.S. Hwy. 264 a Holland
and runs southeast about 6.7 milesto the shores
of southern Pamlico Sound. The al-wegther
road isbuilt on dredged materid derived from

116 « Chapter Eight: Short-Term Evolution

the adjacent large cand and rises Sgnificantly
above the surrounding land. Thus, the canal road
itsdlf is surrounded by scrub-shrub and upland
forest. However, traveling southesst from U.S.
Hwy. 264, the Outfall Cand Road transects
through an extensively ditched and drained
agriculturd areaand freshwater pocosin swvamp
forest. The outer 0.7 milesgradesinto a
trandtion zone characterized by stressed and
deed trees with trangition zone vegetation and a

broad marsh zone. Remnants of old freshwiter
impoundments aong the west Side of the road
have severdly modiified the natural marsh
zongtion that can be seen dong the eest of the
cand inthe 1983, 1995 and 1998 agrid
photographs.

Theinner marsh zoneisalow brackish-
water system dominated by Juncus roemerianus
with large patches of Digtichlis spicata and
varigble amounts of Soartina patens and Scirpus.
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FIGURE 8-3-14. The North Bluff Point site 1998 Digital Orthophoto Quarter Quadrangle (DOQQ),
with digitized shorelines for 1983 and 2000.

The outer marsh, dong the Pamlico Sound
shore, is an intermediate brackish-water system
composed primarily of Spartina alternifloraand
Spartina patenswith minor Juncus roemerianus
A thick zone of Spartina cynosuroides occurs

aong the shoreline and grows on the berm
cregted by the dredge spoilsfrom theold
impoundment ditch. Each of these zones digplay
drikingly different color petterns on the aerid
photos. Along the shoreline, the Holocene pest is
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about 6 to 7 feet thick and occurs on top of a
light, gray-blue silty clay that canbe seenat the
road end whereit isbeing eroded. Thisclay was
dredged from the cand and used to build the
devated road bed in 1914 to drain Lake
Mattamuskeet for agricultural development
(Forregt, 1999). The shallow waters adjacent to
the cand mouth are floored in soft, in Situ peat
that dopes gently offshore for several hundred
yardsto water depths of about 5to 6 feet, where
the underlying tight dlay crops out and formsthe
eduainefloor. The peat bed thins gradualy
northwards towards the swamp forest.

Theeroding peat bank drops off into 2to 4
feet of water littered with large eroded pest
blocks The peat banks are severdly undercut
below the dense modern root mass. With
undercutting, the large overhanging peet blocks
move with the waves and ultimately break off
and fal to the esuarine floor. The extent of
erogon between 1983 and 1995 isobviousin the
aerid photographs by comparing the amount of
land logt relative to the outermost ditch.

The 1998 DOQQ (Fig. 8-3-14) showsthe
location of digitized etuarine shordinesfor
1983 and 2000. During this period, the average
shoreline recession rate for the entire reach
congdered was-5.7 ftfyr with arangefrom a
low of —1.1to ahigh of —11.5 ft/yr. However, the
marsh shoreline on the southwest Sde of the
cand eroded a an average rate of 6.9 ftiyr,
whilethe northeast Sde eroded at an averagerate
of only 2.2 ft/yr (Table 8-3-1). It isnot clear
why these different rates occur.

8.3.G. Swan Quarter Site
(Figure 8-3-16)

The Swan Quarter Site occurswithin the
Swan Quarter Nationd Wildlife Refuge of the
U.S. Fishand Wildlife Savice Thesiteis
located in Hyde County and dong the northern
shore of southern Pamlico Sound & the
confluence with the Pamlico River esuary. The
portion of shoreline andyzed for this study
includes Swan Quarter Idand and East Judith
Idand, occurring between Rose Bay on the west
and Swan Quarter Bay onthe eet. Dueto the
vast sze and limits concerning accessibility and
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control gations, thissitewas only andyzed via
aerid photography utilizing the 1956 and 1998
end-member photographs.

The study areaconggts of two different
platform marsh shoreline segments on Swan
Quarter and East Judith idands. The southern
Side of Swan Quarter Idand isan open
shordinewith a20- to 25-milefetch fromthe
south and southeast across southern Pamlico
Sound. The second ssgment of marsh
shordineindudes the north shore of Swan
Quarter Idand and the outer perimeter of East
Judith Idand. Thislatter ssgmentisa
semiprotected platform marsh shordline
occurring dong the shordlines of Swan
Quarter and Rose bayswith fetchesthat range
from 0.5to 5 miles. Analyzing these two
segments provides important data concerning
therole of fetch in shordline erosion, aswell s
data for the many miles of semiprotected
marsh that occur in coagtd North Carolina,

The marshidands within the Swan
Quarter Nationd Wildlife Refuge are world-
cdlass platform marshes composed of an
interior marsh dominated by Juncus
roemerianus A low berm occursdightly
inland of and pardldsthe shordine and
conggts of trangition zone vegetation,
including Spartina cynosuroides, Iva (marsh
elder) and Baccharis (cotton bush).
Soundward of the berm, the Juncus has largely
been stripped off the pesat surface and now
conggts primarily of anarrow zone of Spartina
patens, which is capable of morerapid
recruitment after sormsthen isthe Juncus.
Themarshisgrowing on avery thick bed of
Holocene pest that formsthe eroding banks
around theidand perimeters. Thispeat isup to
8 to 10 feet thick. Dueto the high-energy
environment, water depthsright up to the edge
of the eroding peat banks are generdly 2t0 6
feet deep and often up to 6 to 10 feet deep.
Strandplain beaches occur locally within some
coves, primarily on the southern shore of Swan
Quarter Idand, where short-term erosion rates
may decreaseto O ftfyr.

The 1998 DOQQ (Fig. 8-3-16) shows
thelocation of digitized estuarine shorelines
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FIGURE 8-3-15. The North Bluff Point site aerial photograph time slices from 1983 and 1995.
The rapid rate of shoreline recession is indicated by the red star. An entire segment of the marsh
between Pamlico Sound and the outer ditch of the impoundment, southwest of Ouitfall Canal
Road, has largely disappeared in this 12-year period.

for 1956 and 1998. During thistime period, the
open marsh shordline receded a an average rate
of 2.9 ft/yr with rangesfrom low rates of O ft/yr
to high rates of <109 ftfyr (Table 8-3-1). In

contragt, the semiprotected shorelineswithin
Rose and Swan Quarter bays and associated
embayments receded at an average rate of —1.2
ftlyr with arange from 0 to—6.4 ftfyr.
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FIGURE 8-3-16. The Swan Quarter site 1998 Digital Orthophoto Quarter Quadrangle (DOQQ),

with digitized shorelines for 1956 and 1998.

8.3.H. Lowland Site
(Figures8-3-17, 8-3-18 and 8-3-19)

The Lowland siteislocated dong the
southern shore of the Pamlico River estuary on
Goose Creek Idand in Pamlico County. The site
occurs & the north end of a0.5-milefair westher

track through the swamp. Thetrack occursat a
major west turn in the Fulford Point Road
located 1.2 milesnorth of Lowland Road and 1.5
miles east of Goose Creek.

The geometry and erosion & this
Steiscomplex and controlled by the
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paleotopography of the Pleistocene day surface.
At thelarge-scale, the entire Oyster Creek
drainage sysem isincised into the underlying
Pleistocene clay during the last seerlevel low
stand. The subsequent risein sealevel
systematically flooded up the drainage system to
produce the marshes and resulting peat deposits.
Theinitid drowning and first pest development
took placein the Oyster Creek stream bottom and
sequentialy migrated upward and outward across
the clay dopesthrough time. Today, dl of the
headwater and tributary creeksfeeding themain
gtem of Oyster Creek are surrounded by broad
marshesthat lap onto the adjoining day uplands.

On asmdler scele, the upland Pleistocene
day surfaceisdightly undulating. The east-west
oriented shoreline generdly consigts of low
sediment banks with a platform marsh fringe that
has been largely eroded away. Themarshis
completely gone in the coves, which today are
dominated by low sediment bank shordlines, with
marsh perssting dong the headlands. Within the
coves, the 1- to 2.5-foot high-low sediment bank
and associated land are composed of tight gray
clay subgtrate that holds surface weter. This
resultsin poorly drained land containing amixed
growth of scrub-shrub, pond pine and hardwoods
with abundant bay trees. Asthe clay surface
declinesin devation, amarsh occurswith athin
layer of organic pest lapping onto the clay
surface. The peat thickensto 3to 4 fet into the
drainages or soundward into the headlands asthe
clay surface topography declines.

Along the headlands, the outer portion of
the marshes are dominated by Juncus
roemerianus. A narrow zone of oartina patens
occurs around the outermost estuarine perimeter
where Juncus has been ripped off by sorms.
Extensve growths of Spartina cynosuroides and
Phragmitesaugralis, dong with variable
amounts of the shrubs Iva and Baccharis, occur
primarily on thewrack sorm berm and landward
into theinner portion of the marsh. Themarsh
gradeslandward into afreshwater swvamp
dominated by saw grass, pond pine and abundant
wax myrtle and bay shrubs. This habitat produces
afine-grained organic pest that isabout 0.5 foot

Continued on page 121
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FIGURE 8-3-17. Photographs of the Lowland site. PANEL A. Winter photograph looking northeast within the cove and along a low sediment bank
shoreline with Spartina patens, scrub-shrub and pond pine growing on the upper surface. Notice the small strandlplain beach that occurs only within the apex
of the cove. PANEL B. Close-up of the wave-cut scarp eroded into the low sediment bank overtain by a thin pocosin peat containing a cover of Spartina
patens in the foreground and pond pine with transition zone scrub-shrub in the background. The sediment bank is composed of a Pleistocene, tight, slightly
sandy clay. This is the source of the limited sand forming the small stranciplain beach in Panel A. PANEL C. Summer photograph looking east along the
narrow marsh platform in front of the mineral soils, with their wetland woods consisting predominantly of scrub-shrub, bay trees and pond pine. The marsh
platform is composed of organic peat that is forming on top of and pinches out onto the mineral soil that forms the shoreline in Panel B. Photograph is by M.
Murphy. PANEL D. Summer close-up of the marsh platform dominated by a narrow outer zone of Spartina patens adjacent to the water and an inner zone of
Spartina cynosuroides that is growing on a very thin and slightly raised sand and wrack berm. Photograph is by M. Murphy. PANEL E. Winter photograph
looking northwest along the marsh platform shoreline within the cove. Notice the thick roots of Spartina cynosuroides that extend out to edge of the eroding
marsh peat where the plants have been stripped off by wave action. PANEL F. Close-up of the wave-cut scarp and wave-cut platform eroded into the marsh
peat. In the foreground, the tight, root-bound, upper surface has been eroded off in a Stair-step fashion. Whereas, in the background, this root-bound surface
is being undercut forming an overhang.
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FIGURE 8-3-18. The Lowland site 1998 Digital Orthophoto Quarter Quadrangle (DOQQ) with
digitized shorelines for 1964 and 1998.

thick on top of the clay throughout the upland radiating outward like alace callar. Low

aea sediment bank shordlines often have thin and
Within the coves, eroson of thelow- locd drandplain beachesthat form on the day

sadiment banksleavesatrail of pine sumps surfaces. The clay surfaces dope down to about

ganding inthe shalow weter onlonetgproots 2 to 3 feet below mean sealeve and continue

with awhorled mass of shalow surface roots offshore for a lesst severa hundred yards.
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Scattered acrossthisflat day surfaceinthe
offshore areaisathin and variable layer of sand
with locd sand bars. Frequently, asmal sand
berm occurs on top of the clay scarp and in front
of the freshwater swamp on the landward Side as
previoudy described.

Onthe 1964 aexid photograph of the
Lowland site, the shoreline consisted entirely of
marsh and was more regular and significantly
further soundward then today. By 1970, the
irregular erosion of marsh began to develop coves
that intersected upland vegetation and formed the
initial low sediment bank shorelines. The
abundance and digtribution of low sediment banks
continued to expand since 1970. Today, the
shordline consgts of amixed, low sediment bank
with remnants of the former marsh platform.

The 1998 DOQQ (Fig. 8-3-18) showsthe
location of digitized estuarine shordlines for 1964
and 1998. During this period, the combined low
sadiment bank and marsh platform a the
Lowland Site eroded a an average rate of
—4.0ftlyr, witharange from-0.8to-8.1 ftfyr
(Teble 8-3-2). It appearsthat the marsh platform
onthe headlandsis eroding a the average rate of
—L.7 ftlyr, while the low sediment banks within
the coves are eroding at an average rate of
—4.9ftlyr. Therate of recesson for amarsh
platform with asgnificant fetchis quite low.
However, this shordline congsted of 100% marsh
platform during the early portion of the study
interval, while the latter portion was characterized
by decreased amounts of marsh and increased low
sadiment banks. Consequently, the overdl low
recesson number probably reflectsacomplexly
mixed shoreinethat is changing an abundance of
shoreine types through time.

8.4. PAMLICO RIVER SHORELINE
EROSION SITES

8.4.A. Summary: Pamlico River
Shorelines

At the time Hardaway (1980) determined
the shoreline eroson rates for Stesaong the
Pamlico River estuary, the efforts to sabilize the
shordinewith herd structureswere minimal. Only
portions of Hickory Point and segments of the

Chapter Eight: Short-Term Evolution « 121



CONTINUED:

LOWLAND SITE

Quter Pamlico River
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FIGURE 8-3-19. The Lowland site aerial photograph time slices from 1964, 1970, 1983 and 1995. The entire region within the area of the
photograph is wetland. Dense scrub-shrub, swampforest vegetation (red color in the 1983 photograph) lives in standing water on top of the tight
clay soils much of the year. The slightly lower area surrounding and adjacent to the Oyster Creek drainage system is dominated by marsh grasses
(light blue-green color in the 1983 photograph) living on a marsh peat substrate that thickens into the drainages. The time series suggests an
expansion of the scrub-shrub, swampforest vegetation through time (excluding the logged areas indicated with white stars) and loss of associated
marsh along the Quter Pamlico River shoreline due to erosion (red stars).

Pamlico shore at Wades Point were hardened.
However, since the Hardaway study, six Pamlico
River dteswere largely developed and included
mgjor shoreline erosion protection procedures.
These six stesinclude Bay Hills, Mauls Point,
Camp Leach, Pamlico Marine Lab, Hickory
Point and the Pamlico side of Wades Point.
Thus, the potentia for obtaining high quaity
shordline eroson data requires knowing when
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each Sructurewas built or rebuilt, asswell as
knowing the specific higtory of which shordine
segments were eroded and structures rebuilt
following specific high gorm tides such asthe
1996-1999 hurricanes. To carry out astudy

eva uating the response of stabilized shorelines
during major sorm events, good hitoricd
documentation and permit records are required,
aong with high quaity post-storm aeria

photographs. Thistype of information does not
presently exist. Such an effort was beyond the
scope of the present study. Consequently, the Six
modified dtesarerevisted in agenerd modein
the present sudy, while the unmodified sitesare
andyzed in more detall. Teble 8-4-1 summarizes
the long-term shordline erasion data devel oped
by the present study.

Continued on page 125



CONTINUED:

Table 8-4-1 Short-Term Erosion Rates for the Pamlico River Sites

Summation of the short-term estuarine shoreline erosion rates for the mainland Albemarie-Pamlico Sound estuarine sites based upon the
present study. See Figure 8-1-1 for locations of study sites.

SITE AND TIME DISTANCE AVERAGE LONG-TERM EROSION
SHORELINE PERIOD ANALYZED RATE DATA — PRESENT STUDY
TYPE (YEARS) (FEET) NET (FT/YR) RANGE (FT/YR)

15. Wades Point — Confluence of Pungo and Pamlico Rivers:

Marsh-Platform—NET 1970-1998 5,105 -3.2 -0.8 to -7.0
Marsh-Platform 1970-1984 5,275 -3.4 -09 to -7.0
Marsh-Platform 1984-1998 4,936 -2.9 -0.8 to 6.1
Low Sediment Bank—NET 1970-1998 3,308 4.1 -0.6 to -8.9
Low Sediment Bank 1970-1984 3,407 -3.3 -1.2 to 6.1
Low Sediment Bank 1984-1998 3,208 -5.2 -0.6 to -8.9
Modified Low Bank—NET 1970-1998 3,252 -0.6 +1.9 to -2.6
Modified Low Bank 1970-1984 2,308 -0.3 +1.9 to -1.9
Modified Low Bank 1984-1998 4,196 -0.9 -0.6 to -2.6
16. Hickory Point — Pamlico River and South Creek:
Marsh-Platform—NET 1970-1998 1,928 -3.6 -1.8 to -4.9
Low Sediment Bank—NET 1970-1998 2,992 -4.3 -2.2 to 6.6
Modified Low Bank—NET 1970-1998 4,866 -1.4 0.0 to 6.6
Modified Low Bank 1970-1984 4,866 -2.4 0.0 to 5.1
Modified Low Bank 1984-1998 4,866 -04 0.0 to 6.6
17. Pamlico Marine Labs — South Creek:
Low Sediment Bank-E and W sides—NET 1970-1989 1,430 -4.9 -3.3 to -6.3
Low Sediment Bank-E Side—NET 1989-1998 570 -2.5 -0.6 to -34
Modified Low Bank-W Side 1989-1998 860 Negligible
Modified Low Bank-All 1998-2003 1,430 Negligible
18. Bayview — Bath Creek and Inner Pamlico River:
High Sediment Bank—NET 1970-1998 930 -0.2 +0.8 to -1.0
Low Sediment Bank—NET 1970-1998 1,050 -1.4 -0.7 to 2.4
19. Camp Leach — Inner Pamlico River:
Marsh-Platform—NET 1970-1998 315 -1.3 -0.9 to -2.0
Marsh-Fringing—NET 1970-~1986 2,255 -0.3 +2.1 to -0.8
Modified Marsh ~1986-1998 2,255 Negligible
Low Sediment Bank—NET 1970-~1986 1,940 -0.6 0.0 to -1.1
Modified Low Bank ~1986-1998 1,940 Negligible
20. Mauls Point — Blounts Bay and Inner Pamlico River:
Bluff—NET 1970-1984 803 -2.9 -0.6 to -3.1
Modified Bluff 1984-1998 803 -0.2 +2.6 to 2.6
Modified Low Bank 1970-1998 344 +0.8 +1.2 to -04
Modified Bank-All 1998-2003 1,147 Negligible
21. Bay Hills — Chocowinity Bay and Inner Pamlico River:
Bluff—NET 1970-1998 750 <-1.0
Modified Bluff 1970-1998 2,990 <05
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FIGURE 8-4-1. Photographs of the Wades Point site. PANEL A. September 1979 photograph looking east towards the eroding Wades Point and a former
beach cottage located on the nonhardened low sediment bank shoreline with upland pine vegetation. Photo is from Hardaway (1980). PANEL B. A January
2001 photograph from about the same location as Panel A. Notice the hardened shoreline, lack of upland vegetation, and a relatively new beach cottage.
PANEL C. September 1979 photograph looking west along the low sediment bank shoreline of the Pamiico River. Photo is from Hardaway (1980). PANEL
D. Close-up of the wave-cut platform eroded into the low sediment bank shoreline indicated in Panel E. The shoreline is composed of tight Pleistocene clay,
with the absence of a strandplain beach due to lack of sand in the eroding clay sediment. Also, the shallow root systems of the upland vegetation are totally
excavated as demonstrated by the trees along the shoreline. PANEL E. January 2003 photograph looking north along the platform marsh shoreline of the
Pungo River from Wades Point. The marsh interior is dominated by Juncus roemerianus, with a narrow outer perimeter marsh dominated by Spartina
patens. Locally, there is a narrow and mixed zone of Phragmites australis and Spartina cynosuroides growing on a thin sand and wrack berm that parallels
the shoreline. Notice the highly irreqular erosion pattem of the marsh peat in the foreground and the upland area and associated low sediment bank shoreline
in the diistance (see Panel D). PANEL F. January 20083 close-up photograph of the eroding platform marsh shoreline. Notice the large peat block in the near-
shore that has recently broken off the shoreline.
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FIGURE 8-4-2. The Wades Point site 1998 Digital Orthophoto Quarter Quadrangle (DOQQ) with
digitized shorelines for 1970, 1984, and 1998.

8.4.B. Wades Point Site
(Figures8-4-1, 8-4-2 and 8-4-3)

Wedes Point isthe northwest point & the
confluence of the Pungo and Pamlico river
esuaries. It islocated 1.4 miles east of Pamlico

Beech in Beaufort County and at the southeest
end of Pamlico Beach Road, adassic “going-to-
s’ road. The Ste conggtsof two very different
shorelines. The east-west trending shordlineisa
low sediment bank aong the north shore of the

CONTINUED:

Pamlico River that has been largely modified
through the years. The northwest-southeast
trending Pungo River shoreline remainstotaly
undevel oped and dominanted by amarshwitha
small segment of alow sediment bank.

Theinterior of the marshisirregularly
flooded and dominated by Juncus roemerianus.
Locdly, athin sand and wrack berm pardldsthe
shordinewith anarrow 10- to 20-foot wide
fringe dong the shoreline dominated by
Spartina patens. The berm contains mixed
patches of Phragmites augtralisand Spartina
cynosuroides with scattered va and Baccharis
ghrubs. The shordline zone condsts of Juncus
peet in which the Juncus has been stripped off
by wave activity and israpidly recolonized by
the Spartina patens. In addition, wave action
tendsto strip off upper plates of the pest,
producing agtair-step erosion pattern, aswell as
undercutting the modern root mass zone. The
pest isunderlain by atight day. The pest pinches
out where the dlay surface rises above mean sea
level, producing pine-dominated idands or
hammocksin the marsh. Away from the pine
idands, the dlay surface dropsbelow sealeve,
and the peet thickensto 2 to 3 feet or moreinto
these topographic lows.

Erosion of the marsh produces small-scale,
irregular shorelines charecterized by dternating
headlands and embaymentswith 5- to 20-foot
amplitudes. The marsh is generaly characterized
by a1- to 3-foot high eroding scarpin
approximately 2 feet of water and atight clayey
sand bottomin the nearshore area. Thelow
sediment bank shorelines tend to befairly
graght, are composed of tight clayey sand and
rise up to two feet above mean sealevd. Sand
derived from the eroded sediment bank formsa
10- to 20-foot wide strandplain beach containing
many pine sumpsin front of the eroding
sediment bank.

The 1998 DOQQ (Fig. 8-4-2) showsthe
location of digitized etuarine shordinesfor
1970, 1984 and 1998. The aerid photographs
demondtrate both the human and natural
ecologic evolution of the Wedes Point site
through time. The Pamlico River shordlineis
primarily alow sediment bank, wheredl
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development and shoreline modifications have
teken place. The 1970 aerid photograph displays
afarly draight, low sediment bank thet was
eroding uniformly & the average rate of

-3.3 ftlyr except for acouple of smdl hardened
segmentsthat displayed dmost negligible
recesson rates of 0.3 ft/yr (Teble 8-4-1). Three
additiona segments of this shordine were
hardened sometime between 1970 and 1984,
which essentidly dowed the average erosion
rate down to-0.9 ft/yr for the period between
1984 and 1998. However, the three smdl
unprotected low sediment bank segments
experienced incressed rates of erogon from
1984 t0 1998, receding a an average rate of
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-b.2 ftlyr. Today, these three eroding Stesamost
intersect the road.

In 1970, the Pungo River shordinewas
entirdly marsh and eroding a an average rate of
34 ftlyr. By 1984, the receding shordline
intersected apine upland, resultingin alow
sadiment bank shoreline segment. From 1984
t0 1998, the marsh eroded a an average rate of
—29ftlyr (Teble 8-4-1), while the low sediment
bank portion receded a an averagerate of 5.2
ftlyr. Notice that the higher portions of land
aong the shoreline, labeled low sediment bank
inthe 1998 photo, developed afairly heavy
growth of pine trees between 1970 and 1998,
Thisisseen asdark gray onthe 1970 aerid

Pamlico Beach Road

T Ay
FIGURE 8-4-3. The Wades Point site aerial photograph time slices from 1970, 1984, 1989 and 2000. The rate of shoreline recession is obvious

along the Pamlico River shoreline through time. Compare the fairly straight and unmodified shoreline and shore parallel to Pamlico Beach Road in
1970 with the 2000 aerial photograph. Notice the sequence and effect of shoreline hardening upon the erosion process.

photo, dark green on the 1984, 1989 and 2000
agridsand red color on the 1998 infrared aerid
photograph. This demondirates both shordline
recession and changing patterns of shoreline
typesthrough time.

8.4.C. Hickory Point and Pamlico Marine
Lab Sites
(Figures 8-4-4, 8-4-5, 8-4-6 and 8-4-7)

Hickory Point and the Pamlico Marine Lab
areon the narrow peninsulathat extends east
between the Pamlico River south shoreand
South Creek north shorein Beaufort County.
Hickory Point isabout 3 milesesst of theN.C.

Continued on page 126
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FIGURE 8-4-4. Photographs of the Hickory Point site. PANEL A. Oblique aerial photograph (December 1991) looking west across Indian Island and
Hickory Point with Pamlico River to the right and South Creek to the left. Indlian Island and Hickory Point are high areas along the interstream diivide between
the two water bodlies. Indlian Island has become separated from Hickory Point by rising sea level and associated shoreline erosion. PANEL B. Oblique aerial
photograph (December 1991) of the study area at Hickory Point showing the marsh shoreline in the left foreground, modified low sediment bank shoreline
along both sides of the Point, and unmodified low sediment bank shoreline along the wooded, curved coast in the upper left. PANEL C. A 1979 photograph
along the South Creek low sediment bank shoreline prior to human modification. Notice the small pine stumps left in the near shore as the shoreline recedes
and the beach cottage in the upper left comer that is collapsing into South Creek. Photograph is from Hardaway (1980). PANEL D. A 2001 photograph in
approximately the same location as Panel C, showing the human-modified, low sediment bank shoreline. Notice that the rock and rubble revetment along the
South Creek shoreline is slightly smaller scale than along the Pamlico River shoreline in Panel F. Photograph is from Murphy (2002). PANEL E. A 1979
photograph of a typical low sediment bank shoreline with a dense growth of small pine trees. The long pine tap root holds the stumps in place in the near-
shore as the shoreline recedes. Minor sand derived from the erosion of the Pleistocene, slightly sandy clay bank results in a thin and ephemeral strandplain
beach. Photograph is from Hardaway (1980). PANEL F. A 2001 photograph looking west along the human-modified, low sediment bank shoreline of the
Pamlico River. Photograph is from Murphy (2002).
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Department of Transportation ferry termind a
Aurora. The Hickory Point Steisa the end of
N.C. Hwy. 306. Wheress, the Pamlico Marine
Lab steisabout 24 milesest of theferry
termina down an access road south of N.C.
Hwy. 306.

The Hickory Point peninsulaused to be
connected to Indian Idand. They are part of the
interstream divide between the Pamlico River
and South Creek. However, risng sealevel and
long-term shoreline erosion processes have
systematicaly eroded the upland, resultingina
shallow, underwater ridge thet extends from
Hickory Point eest to Indian [dand. Today, both
Indian Idand and Hickory Point continueto
dowly disgppear dueto the systematic erosion of
their shordlines.

The Hickory Point steisdivided into three
shordine ssgments. Both Sides of the outer
portion of the point, Segment 2, consist of
severdly modified low sediment banks. To the
west dong the Pamlico River is Segment 1, a
natural low sediment bank. To the west dong
South Creek is Segment 3, an extengve platform
marsh. The naturd low sediment bank aong
Segment 1is characterized by a2- to 3-foot-high
erosond scarp, abundant eroded sumps and
roots occurring dong the shordine aswell as
downed shrubs and logs on the shoreface. The
bank is composed of atight clayey sand
subgtrate that continues onto the estuarine floor.
A thinand narrow, 5- to 20-fegt-wide strandplain
beach occurs aong mogt of the shoreline. The
low sediment bankswithin Segment 2 are
mostly modified with little to no srandplain
beach. Segment 3 marsh consits dominantly of
Juncus roemerianus, with afringe of oartina
cynosuroides and Phragmites audtralis forming
aninner zonein front of thetrangtion zone
vegetation.

Development at Hickory Point began
many decades ago and consigted initialy of
small, low-cost beach cottages. Shoreline
protection measures congsted of cement debris,
broken bricks, cinder blocks and miscellaneous
junk. Through time, storms repegtedly tore up
these makeshift shoreline protection structures,
aswell asmany of thesmall cottages Thesize
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FIGURE 8-4-5. The Hickory Point and Pamlico Marine Lab sites 1998 Digital Orthophoto Quarter
Quadrangle (DOQQ) with digitized shorelines for 1970, 1984, and 1998.

and value of replacement dwellings have
increased through time, aswell asan increased
effort to protect the shoreline with wooden
bulkheads, rock revetments and groins.

The 1998 DOQQ (Fig. 8-4-5) showsthe
location of digitized etuarine shordinesfor

1970, 1984, and 1998. Between 1970 and 1998,
the natural low-sediment bank eroded & an
average rate of —4.3 ftyr with arange from -2.2
t0—6.6 ft/yr (Teble 8-4-1). Theeagtern and
highly modified portion ong both the Pamlico
River and South Creek shorelines eroded during
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the sametime period a an averagerate of —1.4
ft/yr. Between 1970 and 1984, dumped rubble
aong the shordline dightly moderated the
average erosion ratesto —2.4 ftlyr. However,
since 1984 many shoreline sructures were either
rebuilt or upgraded with an overdl decreasein
the average eroson rate to-0.4 ft/yr. No
sgnificant difference occurred in the erosion
rates between the north- and south-facing,
modified low sediment bank shorelines. The
Segment 3 marsh platform dong thewestern
portion of South Creek eroded & an averagerate
of —3.7 ft/yr between 1970 and 1998.

Pamlico Marine Labislocated on South
Creek, about 1.2 mileswest of the point at
Hickory Point. The entire shordineisalow
sediment bank that rangesfrom 3to 4 feet high,
with abundant tree sumps and root masses. The
vertica bank is composed of alower, very
clayey sand overlain by an upper onefoot of
sandy soil. The eroson of this upper unit
supplied sand for astrandplain beach that existed
prior to shordine modification. Dueto high
erogon rates, the shoreline was hardened with
rock riprap, garting in about 1989.

The 1998 DOQQ (Fig. 8-4-5) showsthe
location of digitized etuarine shordinesfor
1970, 1984 and 1998. Prior to modiification
(from 1970 to 1989), the entire neturd low
sediment bank shorelinein front of Pamlico

FIGURE 8-4-6. The Hickory Point and Pamlico
Marine Lab site aerial photograph time slices for
1970, 1984 and 2000. The marsh shoreline on
the South Creek side of Hickory Point has two
small clumps of upland trees (dark zones)
forming small headlands on the south side of
the marsh in the 1970 aerial photograph. In the
2000 photograph, these two areas of upland
vegetation are completely eroded away, and the
shoreline is beginning to straighten out in
response to the erosion processes. Notice the
increased rate of shoreline hardening from 1970
to 1984, in concert with a significant recession
of the unmodified low sediment bank shoreline
west of Hickory Point along the Pamlico River
shore (see Fig. 8-4-5).
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FIGURE 8-4-7. Photographs of the Pamlico Marine Lab site. PANELS A and B. March 1978 close-up photographs of the unmodified and eroding,
low sediment bank shoreline of the Pamlico Marine Lab site. Panel A is on the western side, and Panel B is on the eastern side of the lab. Notice the
large trees lying along the bank and the stumps in the near shore, reflecting the receding shoreline. The area has been generally cleared for the lab,
leaving only a few trees along the bank. PANELS C and D. August 2001 photographs of the modified low sediment bank shorelines of the Pamlico
Marine Lab site. Panel C is on the western side, and Panel D is on the eastern side of the lab. The rock revetment has temporarily stopped the
shoreline recession. Photographs are from the pier by M. Murphy.

Marine Lab receded & an averagerateof 4.9t/ 8.4.D. Bayview Site According to Hardaway (1980), this
yr. During the period from 1989 to 1998, the (Figures8-4-8 and 8-4-9) shordineisamixed low and high sediment
Stabilized western 860 feet showed negligible The Bayview steisin Beaufort County bank, with the low bank in front of the high bank

shoreline erosion. However, the nonhardened aong the eastern shore of outer Bath Creek ner  everywhere except in the northern segment.
eastern 570 feet continued to recede a an average  the confluence with the Pamlico River estuary. Herethelow bank disappears, and the high bank
raeof —25ft/yr. Asaresult of thiserosonat the  Thesteiseast of Bath and south off of N.C. Hwy.  intersects the shordline. The high bank rises

eadt end, anew section of rock riprgpwasadded 92 about 1.6 miles at the southwest end of Breszy  about 10 to 15 feet above mean sealeve witha
dong that shorelinein 1999, Therehasbeenno Shore Road and northwest end of Bayview Road,  hardwood forest on top. The high bank condsts
further shoreine erosion aong the modified respectively. At the end of the paved road, walk ~ of alower 7-foot-thick unit of interbedded clean

shoreline, but the strandplain beech has northwest through the woods to the shore and sandsand thin tight clay laminag, overlan by a
disappeared. continue north past amarsh and low sediment 5-foot thick unit of iron-stained sandy clay, and a
bank to the high sediment bank shoreline. Continued on page 132
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FIGURE 8-4-8. Photographs of the Bayview site. PANEL A. A September 1979 photograph looking at the eroding high sediment bank shoreline on the
north side of the study site along outer Bath Creek. Notice the small strandplain beach due to the low sand content in the erodling bank, the overhanging
modem root mass and tree roots, and the slumped trees. Photograph is from Hardaway (1980). PANEL B. A January 2001 photograph looking north along
the same eroding high sediment bank as Panel A. It appears that there are far more stumps in the water and tree debris along the shoreline. PANEL C. An
August 2001 photograph looking at the last remnants of the low sediment bank in front of an eroding high sediment bank shoreline in the middlle of the study
site. Photograph is by M. Murphy. PANEL D. An August 2001 close-up view of the eroding low sediment bank shoreline, with a strandplain beach and
fringing marsh in front of a stable high sediment bank with a heavy vegetative cover. Photograph is by M. Murphy. PANEL E. A September 1979 photograph
looking south at the low sediment bank shoreline on the souith side of the studly site along outer Bath Creek. Notice the large number of trees standing in the
near shore area with exposed roots. Photograph is from Hardaway (1980). PANEL F. A 2003 typical eroding low sediment bank along the open Pamiico
River that is experiencing a more severe state of shoreline recession than the shoreline in Panel E. The sand strandplain beach is only a few inches thick and is
on top of a Pleistocene, tight sandy clay substrate.
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1- to 2-foot-thick upper unit of sandy il
(Hardaway, 1980). The abundance of sandinthe
high banks resultsin amgjor strandplain beach
littered with fdlen trees and logs. The low bank
rises 2 to 4 feet above mean sealeve witha
dense growth of shrubsand pinetreeson top. It
condstsof 1to 2 feet of dense clayey sand
overlain by 1to 2 feet of asandy soil horizon.
The shoreislittered with shrubby debris, logsand
sumps.

The 1998 DOQQ (Fig. 8-4-9) showsthe
location of digitized 1970 and 1998 eduarine
shorelines. The long-term average eroson rate
developed by the present study for the low
sediment bank is—L.4 ftfyr, and for the high
sadiment bank is—0.2 ftfyr. Thelow erosion rates
are atributed to the semiprotected character of
the sitewithin the mouth of Bath Creek, resulting
inasmal southwest fetch. In addition, abundant
tree and sump litter occurs on the srandplain
beech, and the nearshore areathat tendsto bresk
down incoming wave energy.

8.4.E. Camp Leach Site
(Figures8-4-10and 8-4-11)

Camp Leach islocated in Beaufort County,
aong the northern shore of theinner Pamlico
River and immediately east and acrossan
unnamed creek from Goose Creek Stete Park. It
isabout 3.8 miles south dong the Camp Leech
Road from Midway Crossroadson U.S. Hwy. 64.

Throughout the time, this Stewas occupied
by Camp Leach, and the shordline consisted of a
narrow marsh with abundant cypresstreesin
front of anatura low-sediment bank. The
remnant marsh occurring dong much of the
shordine was quite irregular, about 3to 15 feet
wide, and composed of Juncus roemerianus

growing on apest substrate up to 2 feet thick. BAYVIEW

The presence of amarsh, associated peet and SHORELINE CHANGES
cypress suggest that the stream valley occurring 1870 TO 1998
aong the western boundary formerly flowed

Southesst and east in front of Camp Leech. A PAMLICO RIVER

mgjor section of marsh shordine ill exigts
acrossmost of the stream mouth on the western

sdeof thesite FIGURE 8-4-9. The Bayview site 1998 Digital Orthophoto Quarter Quadrangle (DOQQ) with
Themearsh pinched out landward onto the digitized shorelines for 1970 and 1998. Notice the small drainage system that flows west off the
Upland sandy surfce of the forested low upland to form a small cypress headland in the middle of the study area.
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FIGURE 8-4-10. Photographs of the Camp Leach site. PANEL A. A July 1977 photograph looking east along the undeveloped eastern portion of
the study site on the Pamlico River north shore. The low sediment bank occurs behind a narrow zone of dense Juncus roemerianus and cypress
growing on a peat substrate up to 2 feet thick. Photo is from Hardaway (1980). PANEL B. A January 1977 photograph looking west along a portion
of the study site utilized by Camp Leach. Notice the Juncus roemerianus headlands with small coves containing thin strandplain beaches lapping up
onto the low sediment banks. PANEL C. A January 1977 photograph of the low sediment bank shoreline in front of Camp Leach. Notice that the
root system of the large shoreline trees have been severely exposed by the slow erosion processes. No marsh grass occurs within this high-use
area. However, there are local strandplain beaches scattered in the small coves along the shoreline. PANEL D. A January 2001 photograph in
approximately the same area as Panel C. The low sediment bank in this development has now been extensively bulkheaded with the elimination of
marsh headlands and shoreline trees. Notice that no strandplain beaches exist in front of bulkheads.

sediment bank. Within high-use aress of the remaining vegetation, extensive bulkheadingand  and 1995, whatever shoreline was eroded during

camp, themarshwaslargely gone, andthelow  lossof strandplain beachesin front of the thetime prior to bulkheading was gained back
sediment bank and associated treeswereexposed  bulkheads. through the bulkheading process. The average
to thewater with local strandplain beaches. The The 1998 DOQQ (Fig. 8-4-11) showsthe  erosion ratesin Table 8-4-1 represent only the
low sediment bank condts of 1to 2 feet of sandy  location of digitized estuarine shordlines for net change between 1970 and 1998.

il overlying adayey sand subdrate. The 1970 and 1998. Notice that the 1970 purple Consequently, the western marsh acrossthe

housing development began sometime between  shoreline dmost coincides with the red 1998 stream mouth has eroded a about —1.3 ft/yr
1984 and 1995, after much of the marsh had shordine. Since development and bulkheading  between 1970 and 1998, while the middle
eroded away. With development came dearing of  did not teke place until sometime between 1984 segment shows no net change. The eastern low
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sediment bank/modified low sediment bank
displaysa-0.6 ft/yr net loss over the sametime
period. Prior to modiification, the Camp Leach
shoreline was characterized by minor rates of
locd shordine erosion that were orm
dependent. In responseto amgor ormin 1978,
Hardaway (1980) obtained a—2.3 ft/yr average
eroson ratefor thislow sediment bank shordline.

8.4.F. Mauls Point Site
(Figures8-4-12, 8-4-13 and 8-4-14)

Mauls Point islocated in Beaufort County,
aong the south shore of theinner Pamlico River
eduary. It isasouthwes-northeest oriented bluff
shordline Stuated at the northesstern end of
Blourts Bay and about 5.4 miles north of N.C. 1870
Hwy. 33 & Coxs Crosyoads. Thisentire
northwest-facing Blounts Bay shordine congsts
of bluff sediment banksthat are occasionaly
dissected by smdl stream valeys Within these
valeysare narrow shordine segments of low
sadiment banks and floodplain swamp forests
that form amall cypress headlands. Two such
cypress headlands occur & either end of the site.
On the southwestern part of the Site, asmall
floodplain deltaforms a sediment bank shoreline.
Thislow sediment bank has been bulkheaded
with an older beach cottage located on the delta
lobe. The northeastern stream vley runs
generdly pardld to the northeast-facing shore,
resulting in an extensive cypressfringe and
headland located in front of the highly vegetated
bluff to the southwest. In 1977, this cypress
headland consisted of very dense swvampforest
vegetation. However, by 1998 much of this
swamp forest had been either closed or severely

thinned. Blounts PAMLICO RIVER
The photographs show the bluff before Bay

development, aswell asthe severdy modified MAULS

shoreline during and &fter development. The 30- POINT

foot-high bluff is a Pleistocene sequence of e o
Continued on page 136 "'II : ﬁ“ﬂ

S feet

FIGURE 8-4-11. The Camp Leach site 1998 e r

Digital Orthophoto Quarter Quadrangle (DOQQ) T, '

with digitized shorelines for 1970 and 1998. i -V
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FIGURE 8-4-12. Photographs of the Mauls Point site. PANEL A. A July 1977 photograph looking southwest along the unmodified bluff at Mauls Point.
Notice the overhanging modem root mass, the tree debris along the shoreline, and the strandplain beach in front of the wave-cut bluff. Photograph is from
Hardaway (1980). PANEL B. An August 1998 photograph of the bulldozed and bulkheaded bluff that occurs in Panel A. A portion of the modified bluff has
been seeded and covered with landscape fabric. PANEL C. An August 20017 close-up photograph of the modiiied bluff pictured in both Panels A and B.
Notice the lack of a strandplain beach in front of the steel bulkhead and rock revetment. Photograph is from Murphy (2002). PANEL D. A January 2003
photograph of the modified cypress headland that occurs off of a small creek dissecting the upland and associated bluff on the southwest side of the studly
site (see Fig. 8-4-14). The local occurrence of sand in front of the bulkhead that formed in response to a bulkhead failure and associated gullying just below
the bottom of the photograph. PANEL E. A 1979 photograph of the swampforest shoreline along the cypress headland that occurs at Mauls Point, on the
northeast side of the study site. Photograph is by S. Hardaway. PANEL F. An August 2001 photograph of the same location as Panel E. The rock is the
northeast end of the revetment in Panel C. Notice how the swamp forest has been thinned and the occurrence of a small strandplain beach. Photograph is
from Murphy (2002).
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interbedded gray clay and crossbedded quartz
sand with severd zones of iron oxide cemented
sandsione. The bluff baseis undercut during high
storm tides, causing the undtable upper blocksto
dump onto the beach. With time, the dump
blocks are reworked by wave energy into
drandplain beaches up to 25 feet wide. Abundant
trees and shrubbery debris from the dump blocks
end up on the beach and act as natural
breskwaters and groinsthat trap and hold sand.
Longshore currents trangport some of the
abundant sand suppliesto the northead,
producing amgor sand berm that buries the outer
cypressand pine and developsamaor spit a the
Point. Prior to development, mixed hardwood
and pine forests dominated the bluff top.

A portion of the bluff between thetwo
cypress headlandswasinitialy bulldozed prior to
the Hardaway study (1980) with no vegetation
planted on the raw bank. Consequently, the bank
sverdy eroded and gullied. Subsequently, the
entire bluff within the Ste was bulldozed to
produce a grassed ramp with multiple rock, wood
and sted bulkheads. The bulldozing processes
put alot of sediment into the nearshore areawith
redevelopment of amgjor strandplain beech. The
grandplain beech isdowly being logt dueto
dabilization of the bluff, except where bulkheads
temporarily fail. Locd bank erogon resultsin
deposition of small sediment lobesin front of the
bulkheed.

The 1998 DOQQ (Fig. 8-4-13) showsthe
location of digitized eduarine shordinesfor the
period between 1970 and 1998. Thisstewasa
natura bluff shoreline for the period from 1970
t0 1984 with an average rate of shoreline
recesson of 2.9 ftfyr (Teble 8-4-1) and arange
ineroson ratesfrom-0.6 to—-3.1 ft/yr. The
period from 1984 to 1998 represented mixed
conditions when the naturd bluff was severdy
modified by bulldozing and bulkheading. This
resulted in adight net shordinelossfor this
period of —0.2 ftfyr with an average range from
—26t0+2.6 ftlyr (Table 8-4-1). Duetothe
amount of sediment bulldozed onto the bluff
shoreline, the adjacent modified low sediment
bank to the southwest displayed average
accretion rates of +0.8 ft/yr.
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FIGURE 8-4-13. The Mauls Point site 1998 Digital Orthophoto Quarter Quadrangle (DOQQ) with

digitized shorelines for 1970, 1984, and 1998.

8.4.G. Bay Hills Site
(Figures8-4-15, 8-4-16 and 8-4-17)

The Bay Hillssteislocated on the south
shore of Chocowinity Bay at the western end of
theinner Pamlico River estuary in Beaufort
County. The Ste occurs one mile north of Old
Blounts Cresk Road @ the end of Bay Hills
Drive and River Hills Road. The areaextends

for about 2,440 feet to thewest and 1,300 feet to
the east of Bay Hills Drive. About 2,990 feet of
thisshordineis generaly abluff that hasbeen
extensvely developed and modified by
bulldozing and bulkheading. Wheress, 750 feet
of bluff shoreline located east of the developed
bluff remainsin itsnatural condition. The 1970
aerid photograph showsasmdl sream
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FIGURE 8-4-14. The Mauls Point site aerial photograph time slices from 1984 and 2000. Mauls Point
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Pamlico River

Road runs north along an interstream high between two small drainages that parallel the road. The
drainage on the northeast side of the road has been intersected by the Pamiico River, creating a wide
swampforest shoreline along the Pamlico River side and forms a cypress headland at Mauls Point (Fig.
8-4-12, Panels E and F). The bluff shoreline occurs where Blounts Bay intersects the interstream dlivide
at the end of the road (Fig. 8-4-12, Panels A, B, and C). Another small swampforest shoreline forms a
cypress headland that extends into the water where the drainage on the southwest side of the road

flows into Blounts Bay (Fig. 8-4-12, Panel D).

CONTINUED:

dissecting the bluff and flowing into
Chocowinity Bay west of Bay HillsDrive. A
nice example of a cypress headland occurs
where this stream floodplain enters the bay.

The naturd bluff rises 25 to 30 feet above
mean sealevel with avery tight blue
Pleistocene clay cropping out in the lower 15
feet of the bluff. The basal day grades upward
into a5- to 10-foot-thick unit of muddy fine
sand and an upper 7-foot-thick unit of iron-
dained dayey sand and soil. The vegetative
cover ebove the bluff ishardwood forest. The
upper sandy portion of the naturd bluff dumps
onto the beach and is reworked by wavesto
produce a 20- to 30-foot-wide Srandplain
beech littered with logs and sumps. The
shordineitsdlf iseroded into the lower clay
unit, forming an erosiond clay platform that
continues riverward under the srandplain
beach and onto the etuarine floor.

The entire shordine within this portion of
Chocowinity Bay was undeveloped in 1970.
The developed portion of Bay Hillswas
initidly bulldozed in 1975 to a1:1 doped ramp
with alow sediment bank shoreline located in
front of the bluff dope (Hardaway, 1980). The
graded dope was vegetated, but serioudy
eroded until it was gebilized in 1978. The
resulting low sediment bank was pushed
riverward about 10 to 20 feet further than dong
the naturd bluff shordline. Today, most of this
shoreline has been either bulkheaded or
armored with rock revetments.

The 1998 DOQQ (Fig. 8-4-16) showsthe
locetion of digitized shorelinesfor 1970 and
1998. Comparison of these shorelines suggest
that the amount of changeis< LOft/yr. This
low erosion rate occurswithin the error
associated with the andlytical procedures. The
larger error bar & this Steresultsfrom
andyzing photographs taken at different times
of day and dong different flight paths relative
to the shadow cregted by the north-facing biuff,
aswell asthe poor qudlity of the older aerid
photographs. Consequently, the errors
associated with georeferencing, digitizing and
measuring theindividua photographsare

Continued on page 140
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FIGURE 8-4-15. (PAGE 138) Photographs of
the Bay Hills site. PANEL A. A July 1977
photograph looking east along a highly
vegetated, natural bluff shoreline. The lack of an
erosional cut-bank, slump blocks and tree and
shrub debris indlicate that this bluff is not eroding
on a year-to-year scale. This moderately stable
bluff shoreline has a modest slope that can
develop a significant vegetative cover to protect
the bluff through small storms and the short
term. Photograph is by S. Hardaway. PANEL B.
A January 2003 photograph along the same
portion of Bay Hills that locally displays steeper
erosional bluff segments and wider stranajplain
beaches with abundant tree debris. Portions of
this shoreline were destabilized by a series of
very high storm tides (Up to +10 feet above
mean sea level) that impacted the upper Pamiico
River area between 1996 and 1999. Thus,
normally stable shorelines in semiprotected areas
with small fetches do erode. This happens
during extreme storm events when the shoreline
recedes in large pulses. PANELS C, D and E.
Panel C is a January 1977 photograph looking
west along a modified bluff shoreline. The bluff
was bulldozed in 1975 to form a 1:1 sloped
ramp behind a low sediment bank shoreline.
Both the bulldozed bluff and low sediment bank
have, in most cases, been extensively
bulkheaded as demonstrated in the 2001
photographs in Panels D and E. Much of this
extreme bulkheading was done since the high
storm tides of the 1996-1999 hurricanes
destabilized and severely eroded the bluffs.
Notice that the natural bluff shoreline in Panel D
stil has a strandplain beach. Photograph in
Panel D is from Murphy (2002), and Panel E is by
Murphy. PANELS E and F. Panel E is a close-up
view of the Pleistocene, tight blue clay that crops
out along the lower 15 feet of the bluff shoreline.
An easily erocable, unconsolidated sand bed
overlies the clay bed. The former readlly slumps
onto the beach carrying the vegetative cover
with it, as demonstrated in Panel . This
stratigraphic combination produces bluffs with
an overall lower slope that can generally develop
more stable vegetative covers. Panel F is from
Murphy (2002).
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PAMLICO RIVER

FIGURE 8-4-16. The Bay Hills site 1998 Digital Orthophoto Quarter Quadrangle (DOQQ) with

digitized shorelines for 1970 and 1998.
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greater than the eroson rate a thissite. Long-
term shoreline erosion istaking place dong the
natura bluff in direct regponse to mgjor form
events, such asthe saries of hurricanes during
the late 1990s. However, mogt structures dong
the modified shorelineswere quickly rebuilt to
their prestorm locations.

Theoverdl low eroson rates a Bay Hills
result from severd mgjor factors. Firg, the
semiprotected character of the south shore of
Chocowinity Bay resultsin fetcheslessthan 4
milesinal directions. Second, the presence of
athick, tight clay bed dong the bluff base
protects the bluff from direct wave erosion by
smal storms. Third, through time, the shordine
has eroded a shdlow water, nearshore platform
into the clay bed that bresksincoming wave
energy, except during the high storm tides
asociated with mgor hurricanes. Fourth, the
bluff consgts of adense day bed overlainby a
sand bed. This geometry resultsin preliminary
retreet of the upper sandy bluff, creating a
doped surface that develops asignificant
vegetative cover. The lower bluff, composed of
dense clay, tendsto resst erosion and generaly
holdsthe overal bank in place.
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FIGURE 8-4-17. The Bay Hlills site aerial photograph time slices from 1938 and 1984. Compare
the absence of waterfront cottages in the 1938 aerial photograph with the high density of homes
and associated piers extending into Chocowinity Bay in the 1984 photograph. Notice the small
drainage system just west of Bay Hills Drive in the 1984 photo. The cypress tress in the floodplain
swamp forest form a cypress headland where this stream enters Chocowinity Bay. Cypress headlands
are more resistant to shoreline erosion than adjacent sediment banks and therefore, protrude out into
the bay, while the sediment banks erode slightly faster and form shallow coves.
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Hattoras Overwash Site 1953 DODQG FIGURE 8-4-18. PANEL A. A 1998 DOQQ
shows the location of the Hatteras Overwash
site and location of the future Isabel Infet (red
stars). The inlet opened in the western portion
of the shoreline erosion site (Figure 8-2-3) and
through the narrowest island segment. After
the inlet opened, it eroded eastward into the
edge of the back-barrier marsh platform as
indicated by the easternmost red line. PANEL
B. Post-Hurricane Isabel aerial photograph
taken on 9/25/03, 7 days after the Inlet formed,
by the U.S. National Oceanographic and
Atmospheric Administration. PANEL C.
Photograph of Isabel Inlet taken on 9/29/03
shows NC Hwy. 12 “going-to-sea” with
Hatteras Village in the distance.

Chapter Eight: Short-Term Evolution = 141



CHAPTER NINE:

Conclusions

Severely human-modified, low sediment bank shorelines in the area of the former Seven Sisters Dune
Field (see Figure 8-2-15). Both of these figures are located on the Nags Head estuarine shoreline facing
the tremendous fetch at the southeastermn end of the Albemarle Sound. TOP PANEL. Three layers of rock
revetments, two wooden bulkheads and a wooden groin field were built to protect the tennis courts. This
represents the second effort to fortify this shoreline within Nags Head Cove after the first bulkhead failed.

BOTTOM PANEL. The cottage that is now on stilts and in the water was on land in Old Nags Head in
the Sound Side Drive area as indicated on the 1932 aerial photograph (Figure 8-2-15). The cement
rubble revetment was emplaced in about 1973 to save the road and has been added to ever since as
the shoreline continues to slowly recede.
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9.1. SYNTHESIS OF ESTUARINE
SHORELINE EROSION DATA

Tables9-1-1, 9-1-2 and 9-1-3 summarize
the range and mean shordline erodon ratesfor
each study sSite within the back-barrier idand,
mainland Albemarle-Pamlico sounds and
Pamlico River aress, respectively. It is clear thet
the processes of estuarine shoreline eroson are
extremdy varigble from Steto Stewith large
rangeswithin mogt Stes The actud ratesare
dependent upon the numerous varigbles
previoudy summarized in Chapters Five and
Six. The stewith the highest average rate of
recession isthe marsh platform at Point Peter
Road, with an average recession rate of —7.5 ftfyr
in contragt to the lowest average recession rate of
<-1.0ft/yr dong the bluff shordline & Bay
Hills. Locdly, erosion rates varied from O ft/yr
during periods of low sorm activity to ahigh of
—26.3 ftlyr dong the sand bluffs at the north end
of Roanoke Idand during periods of high gorm
activity.

Severd important patterns concerning
average annud erosion rates for mgjor shoreline
types and estuarine regions are obvious from
these detaand are summarized in Tebles 9-1-4

and 9-1-5, respectively. Table 9-1-4
demongtrates the relationship between erosion
ratesand shordinetype. Low sediment bank
(=32 ft/yr) and mainland marsh (-3.0 ft/yr) have
the overal highest average rates of eduarine
shordine eroson. They aredso the most
abundant shoreine types, congtituting 85% of
the coagtd sysem in northeastern North
Cardlina Bluffsand high sediment banks are
less abundant (8%) and generaly erode more
dowly (-2.5 ft/yr) compared to low sediment
banks (-3.2 ftiyr). Thisislargely dueto the
higher volume of sand available from eroding
bluffsand high banks to build large srandplain
beaches, aswell asthe avallability of abundant
wood debrisand growth of fringing vegetation.
Swampforest shordlines are the least abundant
(7%) and erode the dowest (2.2 ft/yr) dueto
their extremely low profilein concert with the
role of treesin abating wave energy.

Strandplain beaches, associated with all
shordine types, effectively absorb wave energy
under norma storm conditions and generaly
tend to dow relative rates of shoreline recession.
Also, shordineswith mgjor strandplain beeches
arethe only shordinesthet are éither holding
their own or locally accreting (Teble 9-1-4).

CHAPTER NINE:

Conclusions

Strandplain beaches can form adjacent to any
shordinetypeif asource of “new sand” exists
and if the adjacent water isnot too desp. If
grandplain beaches form and maintain
themsalves, they are critical subdrates
available for vegetative growth, including
formation of fringing marsh and fringing
cypress. Strandplain beaches bresk wave
energy, trap sand and areimportant natural
shoreline protection agentsin mogt physical
sdtings

Mogt shoreline modiification is designed
to stop shordline recession and consigts of
someform of hardening or hardening in
concert with vegetative plantings (Rogers and
Skrabel, 2001). However, mog shordline
moadifications are short-term controls that only
temporarily dow or stop shoreline erosion.
Since terminating sediment-bank erosion
resltsintheloss of “new sediment” necessary
for dther building or maintaining astrandplain
beech, the ultimate consequenceis generdly
thetotal loss of strandplain beaches and their
function. Also, most Sructures deteriorate with
time, and large dormstake their toll resulting
inanet long-term recesson of mogt hardened
shordlines (Teble 9-1-4).

Table 9-1-1 Summary of Estuarine Shoreline Erosion Rates for Back-Barrier Sites

EROSION RATES

STUDY SITES SHORELINE TYPE RANGE FT/YR MEAN FT/YR
1. Seven SiSters SHE ... Low Sediment Bank ..........cccceoveiiiieinnnas 0 10 =B 52
2. Jockey's Ridge Site.......cevvveriiiiicicec Low Sediment Bank ...........cccovrviriiinnn -1 10 B -35
Strandplain Beach .........ccccccovvvviiviiiicnns 46 10 2 i +1.7
3. Buxton Inlet SIE ... Marsh ..o 45 1019 i 2.6
4. Nags Head WO0dS SItE ......cvevvvvieiiiiiieie Open Marsh ... 0 10 =4 e 17
Embayed Marsh .........cccoveviiiiciiiie +1 10 =1 +0.6
5. Salvo Day-USE SHE ... Marsh ..o 0 10 =2 i -09
6. Duck Field Research Facility ..........cccoccvvivcviininns Low Sediment Bank .........ccccovvevievieriennn 48 10 DB, -0.7
Marsh with Strandplain Beach ................. +16 10 24 .o, -0.3
7. Hatteras Overwash Site.........coovvveiiniiiiiiiccs Marsh ..o 0 10 =1 e 05
Strandplain Beach ..o, 43 10 =1 +0.8
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Table 9-1-5 summarizesthe shoreline Pamlico River, thereisagenerd increasein the Broad and Clubfoot cresks, Bath and
erosion rete deta by region. These data erosion rates from theinnermost site (Bay Hills)  Durham creeks adjacent to the Pamlico River
demonstrate aclear and strong relationship to the outermost sites (Wades and Hickory and Yeopim and Scuppernong riversthat flow
between actud retes of recession and the Points) asindicated by the arow on Table 9-1-3.  into Albemarle Sound.
physical setting, including the Size of edjacent These dataare equally applicable to the small, Erosion ratesincrease dramétically to an
estuarine weter body or fetch. The lowest inner portions of mgor drowned rivers, aswell  average of —3.8 ft/yr within the outer Pamlico
average eroson rate occursintheinner Pamlico  assmall laterdl tributaries. Thisindudesthe River estuary and the mainland Pamlico-

River with an average of L1 ftlyr. Withinthe  inner Neuse River and laterdl tributariessuchas Albemarle Sound region (Table 9-1-5). Most of

Table 9-1-2 Summary of Estuarine Shoreline Erosion Rates
for the Mainland Aloémarle-Pamlico Sound Sites
EROSION RATES

STUDY SITES SHORELINE TYPE RANGE FT/YR MEAN FT/YR

1. Point Peter Road SIE .......ccovevivveiiiiiieieieciein MarSh ...vveveceieccccece s =7 10 B 7.5

2. North Roanoke 1sland Site ..........covveveieieceieinns BIUE e =1 1025 i -6.0

3. North Bluff POINE SIE ......vevveiicicicccccccece s MarSh ....vveveceieciecce s =1 10 =12 o 5.7

4, LOWINA SIE vvvviveieicce e Low Sediment Bank .........cccccovvevviviiriennn, =3 10 B 4.9
Marsh .....oovveeececcce e =1 10 =B -1.7

5. Swan Quarter S ......oovovieieiieece e Open Marsh ......cccceoeeieieeieeeeeee e 0 10 =11 o 29
Embayed Marsh .........cccocoiieiiciiiice 0 10 =B oo -1.2

6. Woodards Marina Site. .........cevveveveieieiieiireiienns Swamp FOrest .....ovvviiviieiiceccc 2 10 2.4

7. Grapeving Landing SIe. .....c.oovveviieiiiicicce Swamp FOrest .....vovveviiiicicceccc =1 10 B i -1.8

Table 9-1-3 Summary of Estuarine Shoreline Erosion Rates
for the Pamlico River Sites
EROSION RATES

STUDY SITES SHORELINE TYPE RANGE FT/YR MEAN FT/YR
1. Wades POINE SIE ....c.veevveveicvcccccce e Marsh .....ocveeeeecce e =1 10 B -3.2
Low Sediment Bank .........ccccvevveiveviiriennn, =1 10 Qi 4.1
2. Hickory POINt SIE ....vevveveiiciciceccc e Marsh .....ooveeieieicce e 2 10 D -3.6
Low Sediment Bank .........ccccvevvevierieriennn, =2 10 =7 o 4.3
3. Pamlico Marine Lab Site .........ccvevveveieiiiicieienns Low Sediment Bank .........cccocevvevievieiiennn -1 10 B e -4.9/-2.5
4. BaWIEW SIE ... High Sediment Bank ..........ccccoviiiiiiennn. +1 10 =1 0.2
Low Sediment Bank .........ccccvevveiveviciicnnn, =1 10 2 i -1.4
5. Camp LeaCh SIE ....vevevveiicieiecieec e Marsh (Platform/Fringing) «.......cccceovevrienne 42 10 =2 i -1.3/-0.3
Low Sediment Bank .........ccccovvvveiviiiiineins 0 10 =1 i, -0.6
6. Mauls PoINt SIEE ......vevevieiicieic e BIUE e =1 10 =B 2.9
7.Bay Hills SHE .....ovevvieiciiicccieecceeceeee BIUf oo 1 10 =2 i <1.0
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these Stes have low devations with extremely openly exposed (Table 9-1-2). the Hatteras Hats. The Stesa Duck, Jockey's
large fetches across vast expanses of estuarine The back-barrier etuarine shordinesare Ridge and Seven Sigtersdunefidds are located
water. If shordineswithin this outer region are generaly adjacent to mgjor weter bodieswith within the very shalow waters of Currituck and
regular and openly exposed to the large estuarine  extremey large fetches. However, the average Roanoke sounds, respectively. The Nags Heed
bodies (i.e, the bluff a north Roanoke Idand, eroson rate of 2.2 ftlyr issignificantly lessthan  Woods Site occurs behind the shallow waters of
swamp fores a Woodard's Marina.or marsh either the outer Pamlico River or themainland Calington and Buzzards Bay shodsthat occur
platform a Point Peter Road), erosionratestend  Albemarle-Pamlico sound region, both with on the eastern end of Albemarle Sound. Thus, al
to be very regular (Table 9-1-2). However, if average eroson rates of ~3.8 ftfyr (Table 9-1-5).  of these Sitestend to be semiprotected by the
extendve embayments and irregularities occur Thegenerdly lower rates are dttributabletothe presence of broad, shdlow-water systems
aong the shordline (i.e, the Swan Quarter marsh  very shalow water character of the nearshore occurring in front of them.

platform), eroson rateswithin the semiprotected ~ systems. The three southern sites are Situated on Overwash processes on low and narrow
aessare sgnificantly lessthan those thet are the broad and shdlow water feature known as barrier-idand segments and erosiona processes

Table 9-1-4 Erosion Rates for Different Shoreline Types

MAXIMUM AVERAGE

SHORELINE TYPE (% OF SHORELINES) RATE FT/YR RATE FT/YR

¢ Sediment Bank (38%)
Low Bank (B090) ruvirreteite e B9 i -3.2
Bluff/High Bank (B0) vttt =26.3 i -2.5
Back-Barrier Strandplain BEACH ........voiiviiiiiiiiiiiec e 2.0 i +0.7

¢ Qrganic Shoreline 62%)
Mainland Marsh (BB590) 1.ttt 183 -3.0
Back-Barmier MArsh e e =190 i -14
Swamp Forest (T0) vttt B8 i, 2.2

o Overall WEIGNEA AVEIBGE" ooeiiiiteieeit ettt e ete ettt ettt e st e e e e ta e b et et e b e b e e b e e b e e Rs e st e b e b et et e e beetsets e st et et et e e b e e b e e na et et et s 2.7
Human Modified (290) +vvvert ettt B.6 e -05

* Includes all types except strandplain beaches and modiified shorelines

Table 9-1-5 Summary of Estuarine Shoreline Erosion

in Northeastern North Carolina by Region

ESTUARINE REGIONS* AVERAGE EROSION RATES FT/YR

1. INNEI PAMICO RIVET ... ettt ettt ettt et e e ae et e e te et e et e et e est e e st e e st e e st e atteereeanbeebeeaateebesntaesreeetaesreeareea -1.1

P O U (Tl =0 (ool Y= PRSP -38

3. AIPEMANE-PAMIICO SOUNDS ...tttk e h ket b bRk bRt ket e b ke st ekt e st b et e b e bt ebe e -3.8

4. Back Barmier-NOMhEmM OULET BaNKS ........civiiiiiri ittt sttt e et e e v e e ta e et e e ebe e steeste et e e st e asseanbeesseasteabaesssesbeeenaesreeres 2.2

NE NC Estuarine System Weighted Average”
* Includes all types except strandplain beaches and modiiied shorelines

2.7

Chapter Nine: Conclusions « 145



CONTINUED:

of back-barrier dunefields on high and wide
complex barrier ssgments normally feed critical
sand to the back-barrier coagtd system. These
sources of “new” sand are necessary to build and
maintain overwash fans marsh platformsand
asociated strandplain beachesin front of eroding
back-barrier shordines. Theresulting srandplain
shordines condst of shdlow beachesthat ramp
up onto and protect the eroding scarp on the
adjacent land and marsh. Also, during low sorm
activity periods, fringing marshes commonly
form on broad strandplains beeches. These
factors tend to minimize rates of shordine
recession, asindicated by the low-average,
back-barrier erosion rate (ave. = -2.2 ftlyr),
while some sand-rich, back-barrier shordines
actudly have accretion ratesthet average

+0.7 ftlyr (Teble 9-1-4).

However, human activity on the barriers has
critically impacted sand suppliesto the back-
barrier coagtd system during the past decades.
Dune-ridge building, urban growth, highway
congdruction and maintenance haveled to
increased barrier idand elevation and the
expandve growth of upland vegetaive.
Vegetative stabilization and development of
back-barrier dune fields on complex barriers
(i-e, Jockey's Ridge and Seven Sdters dune
fields) have had a tremendous negetive effect
upon the adjacent estuarine shoreline systems.
Additionaly, incressed rates of hardening back-
barrier shorelines, dong with dredging projects

for sand and navigation in theimmediate back-
barrier system, have major impacts upon
shoreline erosion processes and resulting
recesson rates. Thus, increased human ectivities
through time have dramatically diminished mgjor
sand sources, resulting in either thetotal loss of or
more ephemerd character of strandplain beaches
Asthe occurrence and size of strandplain beaches
are diminished through time, eroson rates
increase.

All eduarine shordinesin northeastern
North Cardlinaare eroding in regponseto the
ongoing long-term risein sealevel. Asindicated
in Table 9-1-5, the weighted average for the
recesson of dl shordline typeswithin the highly
variable regiond setting is—2.7 ft/yr. Erogon,
largely driven by sorm processes, resultsin the
sysemetic loss of both uplands and wetlands

through time. The gpproximeate rate of land lossto

eduarine shordine erosion can be edimated from
the data developed in thisstudy (Tebles 9-1-1
through 9-1-4).

Teble 9-1-6 gpproximates the totd amount
of land logt to eroson et the Stessudied in this
report and during the time intervals andyzed for
eech ste (Tables8-2-1, 8-3-1, and 8-4-1). At the
21 dtesgtudied, approximately 119 acres of
upland and 246 acres of wetlands werelogt
during thetime intervas andlyzed. If the
assumption is made that the average annua
recession rates for each shordinetype are
gpplicableto the entire 1,593 miles of euarine

shoreine mapped by Riggs et d. (1978), then
gpproximately 629 acresof land arelogt eech
year within the 1,593 miles.

However, Riggset d. only mapped about
50% of the esuarine shordinein northesstern
North Carolina. If it isassumed thet the
remaining 50% of unmapped shoreline hasthe
sameredative digtribution of shordinetypes
defined by Riggs et d., thetota annua shoreline
lossfor northeastern North Carolina.can be
edimated (Teble 9-1-6). Thisresultsin aloss of
about 478 acres of uplands per year and about
780 acres of wetlands per year. Spread over a
year within the tremendous size of the North
Cardlinacoagtd system, these amountswould
probably not be noticeshle. However, the
cumulative effects of the lossrate through time
represent an inevitable and significant changeto
both North Carolind's coadtd system and
individua property owners.

We do not advocate trying to stop the
ongoing and naturd process of drowning the
North Carolinacoagtd system — after all,
changeisthe only congtant within our coastd
system. However, we do advocate learning to
live with the evol utionary processes by changing
theway shordlines are utilized. And more
importantly, the naturd upward and landward
migration of wetlandsin responseto dowly
rigng sealeved, mugt not be hindered. The
continued modification of wetlandswith
drainage networks, highway road dams and

Table 9-1-6 Measured and Estimated Land Loss Due to Estuarine Shoreline Erosion
in Northeastern North Carolina

1. Total land lost for 21 field sites measured for the time between the oldest and newest aerial photos used at each study site = 365 acres (0.57m#),

including 246 acres of marsh.

2. Land lost for 1,593 miles of mapped estuarine shoreline (Riggs et al., 1978) = 629 acrea/year or~1 mi?/yr.

3. If Riggs et al, (1978) mapped 50% of mainland estuarine shorelines in NE NC, the total mainland shoreline = ~3,186 miles.

4. Assuming the same proportions of shoreline types and same erosion rates of this study, the annual land loss = ~1,258 acres/yr or ~2mic/yr.
5. If wetlands = 62% of the estuarine shorelines, the annual wetland loss = 780 acres/yr or ~1.2 mit/yr.

6. Total land loss for the 25-year period between 1975-2000 = ~49mi2.
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bulkheads will lead to aone-way net loss of
wetlands. However, if the naturd migration
processes are recognized and honored with
continued risein sealeve, the net expansion of
new wetlands dong the inner zone should equa
the loss of wetlands on the outer shordline zone.
Wetland habitats of the North Carolina coastd
system must be dlowed to expand into the
future, or there will be ever decreasing amounts
of thiscriticd coastd habitat.

9.2. LIVING WITH ESTUARINE
SHORELINE EROSION

North Caroling's eduaries represent a
geologicaly young and dynamic portion of the
coadtd sysem. Asthelagt grest Pleistoceneice
sheet began to melt in regponseto globd dlimate
warming, the present coadtd system began to
develop. Asthe glaciers melted and receded, the
melt waters raised the ocean level. Thisrising
sealevel caused the coadtd system to migrate
acrossthe continentd shelf, flooding over the
land and up the topographicaly low river valeys
to form our present etuarine system. After
10,000 years, 425 feet of sealeve rise, and a
laterd migration of 15 to 60 mileswestward,
the North Carolina.coast beganto develop a
familiar look.

Thegladersare dill melting today, sea
level continuesto rise, and the ocean dowly,
but rlentlesdy continuesto flood the coegtd
lands of North Caralina. Thisresultsinthe
continuing upward and landward migration of
the shordline. The process of coagtd migration
is better known as shordine eroson. The fact
that sealeve isrising worldwide meansthet
erosonisubiquitousto dl of North Carolind's
thousands of miles of shordine. The only
differences between shordines are the rates of
eroson that are dependent upon specific
shordine variables and varying sorm
conditions. Locally, ashoreline may gppear
geble or actudly accrete sediments. However,
such astuation isanomaous and isusudly
ephemerd in nature.

Because changeisacongtant within
dynamic coadtd zones, natural and humarn-

induced hazards to norma styles of development
abound in the coadtd region. For thosewho live
andwork in the coagtd zone, thereisan
extremely high level of property lossthat results
from flooding, shordine eroson and other
gormrinduced factors. The burgeoning
population and exploding development demands
Sahility that resultsin negative impacts upon the
coadt and acumulative toll on the hedlth of the
entire naturdl systlem. The dynamic character of
the coadtd resources mekesthisan Earth hebitet
thet truly does have “limitsto growth.”

Another serious effect of rgpid population
growth and development is habitat modification
within our coastd system. Some of the greatest
population growth ratesin North Carolina.occur
within the coasta counties, leading to
unprecedented urban exploson within the
coadtd zone. New four-lane roads and bridges
are being condtructed a unparaleled rates, new
water suppliesare being developed, and
pressures are increasing upon severely
overloaded sawage sysems. Thisgrowth is
intimately intertwined with abooming tourist
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indugtry, causing major cumulative wetland
losses and habitat modifications Maritime
foreds are cleared, shordlines are bulkheeded,
shdllow weters are dredged, wetlands are
channdlized, dune fields are bulldozed, and the
surfaceis paved for parking lots. All of these
activities modify the land surface, dter the
drainage, and result in increased contaminants
moving into the adjacent coagtdl waters.

The coastd sysem — ahigh-energy,
dependent system that is characterized by
environmenta extremes and reliant upon storm
eventsto maintain the overdl hedlth of the
naturd sysem —isnot fragile. Rather, itisthe
fixed human superstructure superimposed upon
thisdynamic sysemthat isfragile. Thereisno
guaranteed permanency to any characterigtic or
feature within the North Carolina coagtd system.
Early sttlersof the coagtd system understood
this. However, modern society has forgotten
these environmenta congraintsin the headlong
rush to transpose “ Releigh-qtyle” developments
and lifestyles upon this dynamic and changegble
coadtd environment.

FIGURE 9-1-1. The fate of sand castles built on a beach in a rising tide is clearly evident. But
what happens to low-lying shoreline development, as well as the short- and long-term evolution
of the coastal system, with a rising sea level?
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Like the sea itself, the shore ... Is a Strange and beautiful place. All through the long history of earth it has been an area of unrest where waves have broken
heavily against the land, where the tides have pressed forward over the continents, receded, and then retumed. For no two successive days is the shore line
precisely the same ... the level of the sea itself is never at rest. It rises or falls as the glaciers melt or grow, as the floor of the ocean basins shift under its
increasing load of sediments, or as the earth’s crust along the continental margins warps up or down in adjustment to strain and tension. Today a little more
land may belong to the sea, tomorrow a little less. Always the edge of the sea remains an elusive and indefinable boundary:

— RACHEL CARSON, THE EDGE OF THE SEA 71955

An actively “going-to-sea” state road at Wades Point, the high-energy confluence of the Pungo and Pamlico river estuaries.
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AFTERMATH:

AT RIGHT. A post-Hurricane Isabel MODIS
Level-1B satelite image taken on September 19,
2003 of northeastern North Carolina showing the
Albemarte and Pamlico sounds coastal system.
The eye of the storm came ashore in the vicinity
of Ocracoke Inlet and traveled northwest to the
mouth of the Albemarte Sound and west of the
Chowan River estuary. The eastem portions of all
estuaries are slightly muddy. However, the lower
Chowan River and Albemarle Sound are
extremely muaddy. The bright tan color is due to
an incredibly large volume of suspended clay
sediment in the water column. This sediment
load is the dlirect consequence of severe erosion
of sediment bank shorelines that are extensive in
the upper Albemarle Sound and lower Chowan
River (Riggs, 2001). Sand from the eroded
shorelines formed beaches while the mud
sediment components remained suspended in
the water column. Slightly muddy waters within
Pamliico Sound reflect the vast areas dominated
by organic shorelines that are composed
dominantly of marsh and swampforest peat with
only minor low sediment bank shorelines. Notice
that there is no suspended sediment in the
Neuse and Pamiico river estuaries due to the
northeasterly location of the storm track. See the
front and back covers for the pre- and post-
Hurricane Isabel photographs of the shoreline site
indlicated by the red star on this satellite image.
Satellite image is from MODIS Image Gallery,
Liam Gumley, Space Science and Engineering
Center, University of Wisconsin-Madison.
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ON THE BACK COVER. Post-Hurricane Isabel
photograph taken from about the same location
along the bluff shoreline as the front cover
photograph. The red dotted line is the approximate
location of the pre-Hurricane Isabel shoreline.
Hurricane Isabel, a small category 2 storm, came
ashore on September 18, 2003, with the eye of
the storm on a northwest path that was located
Jjust west of the Chowan River estuary. Quiet water
flood marks in the vicinity of the photograph
suggest about a 5- to 8-foot storm surge occurred
in the Chowan River with estimated 80 mph
sustained winds and gusts up to 95 mph. The
consequence was an average bluff shoreline
recession of about —50 feet (range from about 30
to -80 feet) for the several segments of accessible
bluff shoreline (person for scale = 5 feet tal). Notice
that the clay bed on the front cover thinned
dramatically into the bluff and changed to a more
erodable sandy clay (large eroded blue blocks on
the beach). As the waves eroded the basal clay
bed, great volumes of rain saturated sands
cascaded down the scarp as great slumps.
Slumping of the overlying sands was accentuated
by winds that blew out the overhanging trees. The
slumped sediments were subsequently reworked
by waves into a broad sand beach. Photograph
was taken on October 6, 2003. See the front cover
for the pre-Hurricane Isabel photograph of the
same site and page152 for a satellite image
showing the site location and post-Hurricane
Isabel, sediment-laden, estuarine water conditions.
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