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The coastline along southeastern North Carolina consists of a series of low-relief retrogradational barriers that are
frequently impacted by storm activity. The response of two of these barriers to storms is a function of the pre-storm
condition of the beach, the nature of the underlying geology, the offshore sediment supply, and the presence of inlets.
Hutaff and Masonboro Islands provide exemplary but contrasting barrier settings to study the long-term role of
storms and the influence of the adjacent inlets and shoreface on the recent evolution of the barrier system.
Both barriers are located in regions where the offshore sediment cover is thin (<1.0 m). Thickness of the Holocene
estuarine fill was generally less than 4m on the interfluves and exceeded 8 m in some of the backfilled valleys. The
bulk of the estuarine fill is muddy sand that reflects the shallow intertidal nature of the lagoon during the Holocene
Transgression. The presence of peat exposures beneath the low tide beach suggest that inlets have played a dominant
but variable role in the evolution of the barriers. Since the barriers are situated along major storm tracks, they are
chronically impacted by both tropical and extra-tropical storms and are frequently overtopped. The relatively high
erosion rates and increased washover susceptibility appear to be directly attributable to a combination of variables
including the storm climate and persistent presence of inlets. The low relief of the islands has led to the rapid
translation of the barriers during a recent increase of hurricane activity (1996-1999) when four storms made landfall.

ADDITIONAL INDEX WORDS: Washover, estuarine sedimentation, hurricane, shoreline change, stratigraphy,
Masonboro Island, Hutaff Island, Lea Island, Coke Island.

ABSTRACT

The Recent Evolution of Storm-Influenced Retrograding Barriers in Southeastern
North Carolina, USA

S. D. Doughty†; W. J. Cleary‡ and B.A. McGinnis§

INTRODUCTION

The coastline of southeastern North Carolina located
between New River Inlet and Cape Fear consists of a series of
low-relief retrogradational barrier islands. Most of the
developed barriers in the area have been repeatedly
renourished, making it difficult to determine the long-term
recession rates and the impact of storms on the morphology and
evolution of the barriers. Several exceptions do exist and
include undeveloped Hutaff Island, a 6 km long barrier island
located between New Topsail Inlet and Rich Inlet, and
undeveloped Masonboro Island, a 13 km long barrier island
located 17 km to the south between Masonboro and Carolina
Beach Inlets (Figure 1). The islands provide exemplary but
contrasting settings to study the long-term role of storms and the
influence of the adjacent inlets and shoreface on the recent
evolution of the barrier system.

The southeastern North Carolina coast from Cape Lookout to
the South Carolina border is underlain by geologic units that
range in age from Upper Cretaceous to Pliocene (S .,
1994). Both Hutaff Island and Masonboro Island are located in
similar geologic settings where the offshore sediment cover is
usually thin (<1.0 m). The deficiency of Holocene sediments in
Onslow Bay is a result of low fluvial input and the lack of
sediment exchange with adjacent Long Bay and Raleigh Bay
(C and P , 1968 and R ., 1995).
Hutaff Island is underlain by an easily eroded Oligocene
siltstone that forms the dominant shallow subcrop unit and
occasionally crops on the sea floor. The modern sediment
sequence that overlies the siltstone averages less than 0.90 m in
thickness. The modern sediment distribution is controlled by
the erosion and reworking of exposed Tertiary and Quaternary
geologic sequences.

By contrast the shoreface off Masonboro Island is
geologically more complex and consists of poorly consolidated
Oligocene siltstone, well-lithified Oligocene and Plio-
Pleistocene limestones as well as Pleistocene calcarenite
subcrop units that are frequently exposed on the sea floor,
particularly off the southern portion of the island. The surface
sediment consists of a thin veneer (0.20-1.2 m) of fine quartz
sands and shell hash (C ., 1999).

Both Hutaff Island and Masonboro Island are located along
major storm tracks, and as a result are chronically impacted by
tropical and extra-tropical storms and frequently overtopped.
The relatively high erosion rates and increased washover
susceptibility of both islands appear to be directly correlated to
a combination of variables. Prior to 1996, southeastern North
Carolina had not experienced a significant hurricane greater
than category 2 since 1954 (Hurricane Hazel). However,
between 1996 and 1999 four major hurricanes made landfall in
the region and two others passed nearby. The low relief of the
islands promoted rapid translation of both barriers during the
recent increase of hurricane activity. The impact of each storm
varied along Hutaff and Masonboro Islands and was a function
of the previous conditions of the respective barriers and the
influence of the underlying geologic framework.

Hutaff Island is a 6 km long, undeveloped barrier island
located in the south central portion of Onslow Bay (Figure 1).
The barrier is bordered to the southwest by Rich Inlet and on the
northeast b
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y New Topsail Inlet. Prior to 1998, Hutaff Island
consisted of Coke and Lea Islands, separated by Old Topsail
Inlet along the northeastern part of the existing barrier. The
closure of Old Topsail Inlet in 1998 formed a contiguous barrier.
Subaerial portions of the island range from 125-435 m in width.
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Masonboro Island is a 13 km long, undeveloped barrier island
bordered to the northeast by stabilized Masonboro Inlet and by
Carolina Beach Inlet to the southwest (Figure 1). Carolina
Beach Inlet was artificially opened in 1952. Old Cabbage Inlet
and other relict inlets are recognized by the geomorphic patterns
found within the shallow marsh filled lagoon. Most of the large
dunes (~ 4 m elevation) are restricted to the northern portion of
the island (4 km) in the fillet of the Masonboro Inlet south jetty.
The dunes along the southern 60% of the barrier are
discontinuous and < 1 m in local relief. The subaerial portion of
the island ranges from 50-600 m in width.

Six sets of historic aerial photographs (1993-2002) were
rectified using 1998 digital orthophotos and digitized to
determine the amount of shoreline change. The aerial
photographs were also utilized to determine both spatial and
temporal morphologic changes. Digital shoreline themes of
Masonboro Island were also produced through the use of
LIDAR (Light Detection and Ranging) data from 1996 to 2000.

The stratigraphy of the estuarine fill was ascertained by
analyzing 12 vibracores collected from the estuary behind
Hutaff Island and a suite of 34 vibracores (2.0-6.5 m long)
retrieved from the lagoon that backs Masonboro Island.

Based on limited vibracore data the thickness of the
Holocene estuarine fill is estimated to exceed 8 m in some of the
backfilled valleys that extend beneath the estuary, barrier and
across the shoreface. Vibracores taken landward of the barrier
show that the bulk of the estuarine fill is muddy sand that
reflects the shallow intertidal nature of the lagoon during the
past 4-5 thousand years when this region was initially
inundated. The thick sequences of clean quartz sands in the
cored sequences immediately landward of the barrier reflect the

contribution of historical inlets. The core data are supported by
photographic data as well as historic map evidence. The lack of
exposures of lagoon mud and peat on the oceanfront coupled
with core data suggest that inlet activity has played the
dominant role in the evolution of the barrier system (M
and C , 2003)

Data from digitized aerial photographs (19932002) provided
information on the event driven changes during the 1990s
(Figure 2). Aerial photographic data indicate that the barrier is
chronically impacted by both hurricanes and nor'easters and
frequently overtopped. The high rates of shoreline recession
and increased washover susceptibility appear to be directly
attributable to the fact that the northeast facing barrier lies along
the major storm tracks and is influenced by the persistent
presence of inlets (M and C , 2003). The barrier's
low relief has promoted landward translation of the island
during the recent period of elevated hurricane activity (1996-
1999) when four tropical storms made landfall in the region.
Data from aerial photographs indicated that in 1993, a
continuous, scarped foredune characterized the majority of the
Coke and Lea Island segments. Sparsely vegetated washover
terraces were commonplace reflecting the barriers' chronic
susceptibility to overtopping. Between 1993 and 1996 the
barrier prograded an average of 6 m along the shoreline segment
south of Old Topsail Inlet, and eroded an average of 3 m along
the shoreline north of the inlet.

Hurricane Fran (1996), a Category 3 storm, produced a storm
surge that exceeded the 100-year flood level (3.4 m). As a
result, as much as 35 m of the dune field and grasslands were
eroded. Extensive washovers extended across the entire barrier
and into the lagoon. Some washover features measured 155 m
along the cross-island axis. Hutaff Island's shoreline (HWL)
translated landward an average of 36 m immediately following
Hurricane Fran. Some areas along the northeast portion of
the island were translated as much as 80 m during this event
(Figure 3).

Although the storm surge associated with Hurricanes Bonnie
(1998) and Floyd (1999) were lower, 2.4 m and 2.5 m
respectively, the combined effects of the lowered island profile
and a lack of post-storm foreshore recovery produced
comparable impacts. Much of the island's shoreline (HWL) had
recovered to its pre-storm position following Hurricane Fran,
with an average shoreline build-out of 31 m. Some sections
along Hutaff Island recovered as much as 100 m following
Hurricane Fran. This post-storm rebuilding continued until
October 1998 when Hurricane Bonnie caused extensive erosion
and overwash, only to be followed by an equally destructive
Hurricane Floyd in 1999.

The average net shoreline change of -20 m is relatively small
considering the barrier was impacted by four major hurricanes
between 1996 and 1999. However, the change does not reflect
the dramatic lowering and landward extension of the barrier's
profile and the associated sand volume loss. Exceptions to this
pattern of change are recorded for a reach along the
southwestern end of the island, adjacent to Rich Inlet, where the
shoreline has prograded 100 m, and a shoreline segment along
the northeastern end, downdrift of New Topsail Inlet, where the
shoreline has retreated 180 m.

Aerial photographic data indicated that Masonboro Island
has been historically vulnerable to overwash. Cores from a
variety o
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f upland areas along Masonboro Island and the fringing
marsh showed that relatively coarse gravel-rich washover-
related sediments comprise the bulk of the barrier platform.
Data from trenches and cores recovered from the backbarrier
areas typically show that the washover sedimentdominated
sequence was highly variable in thickness, but was generally
traceable across the barrier (C and H , 1994). The
basal portion of the washover fan sequences usually rested upon
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Figure 1. Map of study area within southwestern Onslow Bay.
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holocene lagoon mud, peat or tidal flat units, some of which
cropped out on the low tide beach.

Vibracores recovered along a series of shore-normal and
shore-parallel transects from the lagoon indicated that the
thickness of Holocene fill ranged from ~ 4.0 m on the
interfluves to more than 8.0 m within the backfilled valleys that
extend beneath the barrier and across the inner shoreface. The
lagoon fill is composed of two sequences; the dominant
sequence consists of muddy quartz sand with minor amounts of
shell gravels and oyster rich lenses. In areas of historic or relict
inlets, stacked sequences of relatively clean fine quartz sand
with minor mud-rich units are common. The muddy sand
sequence is interpreted to represent shallow inter-tidal
environments that existed during the evolution of the
barrier/estuary during the past 4-5 ka (C and H ,
1994). The basal Holocene unit in most cores consisted of a
dense gray-green to gray-brown silty clay. This unit ranged in
thickness from 20 cm to more than 100 cm. The lower portion of
this unit was often marked by inter-bedded units of organic-rich
mud and peat. Plant debris in the organic-rich zone was
identified as indicative of brackish water conditions.

Pleistocene age sediments form the surface over which the
basal Holocene units were deposited. Within the southern
portion of the estuary, a variegated compact mud was most
frequently encountered. Early Holocene/Pleistocene age
channel fill consisting of clean very coarse quartz sand and
pebbles were encountered. These units lie close to the mainland
and were recovered in regions proximal to large tidal creeks.
The units were often humic stained.

Data from rectified aerial photography (1993-2002) and
from L
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IDAR surveys (1996-2000) provided information on the
rates of shoreline retreat and event driven changes on
Masonboro Island. Inspection of these data indicated that the
island is frequently impacted by tropical and extra-tropical
storms and is commonly overtopped during these events.
Cursory examination of the historic photographs showed that
most of the central (4.3 km) and southern (4.3 km) portions of
the barrier were characterized by sparsely vegetated washover
fans in the early 1990s. Many of these features extended well
into the adjacent fringing marsh and into open water. The

Figure 2. Digitized shorelines representing the 1993 and 2002 shorelines of Hutaff Island, NC. Several other shorelines from the study
period (1993-2002) were also digitized for the shoreline change analysis.

Figure 3. Zones of average shoreline change along Hutaff Island, NC, as a result of Hurricane Fran (1996).
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foredunes along much of the barrier were scarped or extremely
low and in many places nonexistent.

When Hurricane Fran made landfall in the Cape Fear area in
September 1996 the storm greatly exacerbated the generally
poor conditions of the barrier. The Category 3 hurricane
produced a storm surge that exceeded the 100-year flood level
(3.4 m) in the area. The majority of the island with the exception
of the extreme northern end of the barrier was inundated and
remained submerged for several hours. Post-storm aerial
photography showed that the majority of the island was
characterized by extensive washover-related features even
within the Masonboro Inlet fillet. Some of the more extensive
fans were in excess of 220 m along their cross-shore axis.
Storm-related processes eroded almost all of the foredune
system and ultimately reduced the barrier profile. Along much
of the southern half of the island the barrier profile was
extremely flat. The reduction in barrier profile was coupled
with limited progradation within the fillet and extensive
shoreline erosion along the central and southern reaches of the
island.

Between January 1993 and September 1996 the shoreline
within the fillet along the northern section of the island
prograded an average of 14 m despite the landfall of Hurricane
Fran in September 1996. This area had historically prograded at
an average rate of 5 m/yr since 1980 when the south jetty was
constructed (C ., 1999). During this same period the
central segment of the island retreated an average of 17 m while
the southern segment retreated an average of ~ 33 m. Shoreline
retreat in the vicinity of the small headland (Figure 4) that
divides the Carolina Beach Inlet influenced section from the

inlet-fill section (Cabbage Inlet) was limited to 12 m; however,
immediately adjacent areas experienced twice as much erosion
as the headland influenced shoreline reach. Long-term erosion
rates along the headland influenced shoreline segment average
1.2 m/yr compared to adjacent areas that average 1.8-3.4 m/y
(C ., 1999).

Post-Hurricane Fran shoreline recovery (September 1996-
September 1997) was limited to 10 m along the fillet shoreline.
In contrast, the central shoreline section of the island continued
to retreat and eroded an additional 2 m while the southern
portion of the barrier eroded 4 m. The combined effects of
Hurricane Bonnie (1998) and Hurricane Floyd (1999), both
Category 2 storms, rivaled the impact of Hurricane Fran.
Between September 1997 and September 1999 the shoreline
within the northern reach of the fillet, previously characterized
by signific

extending the barrier profile.
It is interesting to note that the barrier experienced island-

wide shoreline retreat during the three-year period following
Hurricane Floyd (September 1999-February 2002), including
the northern shoreline reaches within the fillet. During this
period of time the fillet shoreline retreated ~ 16 m while the
central section of the barrier continued its retreat and eroded 18
m. The greatest amount of erosion (22 m) again occurred
immediately updrift of Carolina Beach Inlet.

The net shoreline change between 1993 and 2002 varied
substantially along the three major reaches of island (Figure 5).
Shoreline progradation was limited to the extreme northern
portion of the island within the fillet where the shoreline
accreted an average of 8 m. In contrast, the central and southern
sections both experienced significant shoreline retreat. The
average shoreline recession recorded along the central reach
was ~ 49 m. The amount of shoreline retreat steadily increased
to the south where erosion averaged ~88 m. It is noteworthy to
mentioned that the shoreline segment influenced by the small
headland (south of Cabbage Inlet) retreated, but the erosion
only averaged 22 m during the ten year period (1993-2002),
which is significantly less than the adjacent reaches.

Both Hutaff Island and Masonboro Island have been
significantly impacted by tropical and extra-tropical storms
over the past decade (1993-2002); however, the response to
these storms ha
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CONCLUSIONS

ant progradation, was limited to less than 0.5 m of
accretion. The central section of the island was also
significantly impacted by the storms and retreated an additional
16 m. Shoreline recession steadily increased toward the
Carolina Beach Inlet influenced section where 24 m of erosion
was recorded. Washover fans and terraces produced by the two
storms extended into the estuary an additional 75 m, further

s varied due to the influence of underlying
geology, the presence of inlets, and the local differences in the
relatively low sediment supply. The low relief of both islands
allows for conditions that are favorable to overtopping during
elevated water levels. Although both barriers are characterized
by extensive washover topography, the sediment that composes
the washover fans differs substantially between the two islands
and suggests a lithologically different source. Fine quartz sand
comprises the washover fan sequences on Hutaff Island, which
is presumably derived from the Oligocene siltstone composing
much of the adjacent shoreface. In contrast, the washover fans

Figure 5. Zones of average shoreline change (1993-2002) along Masonboro Island, NC.

Figure 4. Oblique aerial photo of the central segment of
Masonboro Island influenced by a small headland. Note the
increased shoreline erosion adjacent to the headland. Image
was taken after Hurricane Bonnie (1998).
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along Masonboro Island contain appreciable amounts of coarse
quartz sand and shell gravel, which is derived from the degraded
coquina limestone that crops out over the central portion of the
shoreface.

Inspection of aerial photographs and core data suggests that
historic and contemporaneous inlets have played an important
but variable role in the evolution of the two barriers. Core data
indicate that as much as 95% of Hutaff Island is underlain by
inlet-fill. Most of the shoreline along the island has responded in
a similar manner to the impacts of the recent storms and as a
result the barrier planform and profile of the various reaches are
similar.

The influence of modern inlets also significantly impacts the
shoreline change pattern on this barrier. Examination of aerial
photography indicated that New Topsail Inlet, located at the
northern end of Hutaff Island, consistently migrated in a
southwesterly direction. Rich Inlet, which forms the southern
boundary of the island, has influenced the erosion and accretion
patterns along the southern 1.5 km portion of the barrier on a
cyclical basis throughout its history. Deflection and
reorientation of the ebb channel exerts a partial control on the
shoreline change trend (M and C , 2003).

Like Hutaff Island, both contemporary and historic inlets
have significantly impacted Masonboro Island. Core data
indicate that the barrier, along major portions of southern as
well as scattered sections of the northern portion of the island, is
underlain by sequences of peat and mud. Discontinuous 20-30
m exposures of peat occur along much of the southern portion of
the island. Much of this shoreline is eroding at relatively rapid
rates. The lack of recent and historic inlet-fill material suggest
that the entire southern section of the barrier has not been
influenced by historic inlets in the 300 years prior to the
artificial opening of Carolina Beach Inlet in 1952. In contrast,
historic inlets such as Cabbage Inlet influenced the central
section of the island during this time span. The difference in the
current and long-term erosion rates along the central and
southern sections is likely related to the influence of inlets and
the differences in substrate material that crops out along the
intertidal beach.

The sediment budget of Masonboro Island has been severely
impacted by the artificially opening of Carolina Beach Inlet in
1952 and by the construction of the dual jetty system at
Masonboro Inlet. Both modified inlets have impounded
substantial volumes of material on an annual basis since
modification occurred. The net reduction of sediment supply
over the past 30-50 years combined with the storm impacts has
dramatically affected the manner and rapidity of the evolution
of the barrier.

A small headland composed of relatively erosion resistant
Pleistocene sandstone underlies the barrier segment that
separates the central and southern sections of Masonboro
Island. This shoreline segment in the recent past has

experienced less erosion than the adjacent areas. It appears that
the headland has acted as a hinge on which the adjacent
shoreline segments are translated at more rapid rates (S

., 1999).
Hutaff Island and Masonboro Island are situated in similar

settings but have had different responses to storm activity. The
differences in response are primarily the result of an interplay of
a different underlying geologic framework and differing roles
of historic and contemporaneous inlets.

The authors of this paper would like to thank the following
people: Lynn Jack of the United States Army Corps of
Engineers
for providing access to the aerial photography library; Chester
Jackson for his continuous GIS support; Mark Ward for
assistance with the RTK survey unit; and the entire crew in the
UNCW Coastal Geology lab. This paper represents
contribution number 296 from the UNCW Center for Marine
Science.
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