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ABSTRACT

Recent changes in the shoreline morphology of Pamiico Sound,

North Carolina, were determined by examining aerial photographs

of varying dates between 1938 and 1971 at 16 sites. At all of the

sites except one, shoreline retreat was dominant over shoreline

advance. Only at Salvo, on both the ocean. and sound side of the

barrier island, was shoreline accretion dominant over shoreline

retreat,

Along the mainland side of the sound the portion of the shoreline

showing net erosion averaged approximately 15'/.; the remaining

showed net deposition, Erosion rates varied up to 5 feet per year

along semi-protected areas and up to 10 feet per year along exposed

headlands.

Along the barrier island side of the sound approximately 75!

of the shorelines were retreating at maximum rates of about 8

feet per year. The remaining 25/ of the shorelines were accreting

s ediments .

Along the ocean side of the barrier island about 95 . of the

shorelines were retreating at rates up to approximately 15 feet per year.

Only about 5'J. of the shorelines were advancing.



INTRODVCTION

Pamlico Sound of North Carolina is the largest body of water

inside a barrier island system along the entire coast of the

United States. Sixteen study localities were selected to determine

changes in shoreline morphology along both the mainland and

barrier island sides of the sound  Fig, 1!. Information in this

report is based on studies of aerial photographs of two to seven

dates between 1938 and 1971 for each locality. Table 1 lists the

dates and sources of the aerial photographs for each of the six-

teen localities.

Several workers previously have discussed the limitations

of using aerial photography to analyze shoreline changes  El-

Ashry and Wanless, 1968; Langfelder, Stafford, and Amein, 1968!,

Photographs record instantaneous shoreline positions. Comparison

of any two photographs reveals the net change between those two

dates, and that new change may vary widely from the mean conditions

affecting the area over a long term period. Also, as pointed out

by those workers, the volume of material involved in the zone of

change cannot be determined from aerial photographs alone. Aerial

photographs of the Pamlico Sound area make it possibl,e to document

net cha~ges over a 30-year period for some of the study localities.

This period is long enough to permit the determination of long-term

trends in shoreline alteration. Also short-term effects can be

better documented with aerial photography than with any other method.
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For most localities studied, the position of the land � water

boundary on. the phoLographs was used L o de ter mme areas of. change

along the shoreline Tn a few areas, the high water line was used

where it was obvious that consecutive photographs were taken at

di f ferent tidal levels and the photopraphs could be accura Lely com-

pared only by using t' he 'high waCcr 1 inc on each. The positions of

boCh the land- water boundary and Lhe high waLer lines are Influenced

by variable wave run-up on a sloping beach. No correction factor was

applied to account for tidal changes on the land � water boundary

since, as shown by E.angfelder, Stafford, and Amein �968!, the use oi

any constant correction factor for tidal variations along a shoreline

with varying beach slopes introduces further inaccuracies. Changes

in shoreline morphology are more striking than tidal variations, and

the land - water boundary reflects erosion and accretion equally we11.

Although other workers have utilized aerial photography to

survey shoreline changes along the North Carolina coast  Dolan and

Vincent, 1972; El-Ashry and Nanless, 1968; Langfeld«r, Stafford, and

Amein, 1968; Athearn and Ronne, 1963! they have concentrated mainly

upon the ocean side of the barrier island system, The present study

examines shoreline changes along the mainland salt marsh environ-

ment which has not been analyzed previouslv, and it contrasts changes

in the shoreline of that' environment with changes in both the lagoonal



and ocean sides of the barrier island system. The documentation of new

information on the ef fects of man-made features  as well as natural

forces! upon the total lagoonal shoreline is also pertinent since

parts of the study area will likely experience increased development

by man in the near future.

DATA PRESENTATION AND DISCUSSION

A. Mainland Side of Pamlico Sound

Study localities 1 through 5 are situated along the mainland

side of Pamlico Sound as shown in Figure 1,

Figure 2 illustrates the 1962 and 1971 shorelines at Locality

1  Long Wretch Creek!, Strong net erosion of the eastwardly-directed

point is apparent between these dates, Approximately 65 percent of

the shoreline experienced net erosion and about 35 percent net

deposition for the time period analyzed. Estimates indicate that at

least 6,5 x ] Os square feet of salt marsh have been lost to erosion in

the vicinity of the point between 1962 and 1971. Erosion rates vary

from greater than 10 feet per year at the point to negative rates with

localized deposition both north and south from the point. This high

erosion rate has resulted from wave and/or current acti. on within the

sound. Some localized net deposition has occured in the sheltered

stream channel on the point.
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Fig. 2.� Shoreline changes at Locality 1  Long Wretch Creek!, J.962 to 1971,



Locality 2 along Long Shoal River indicates that erosion rates

up to 5 feet per year occur along this semi-protected part of the

marshy mainland  Fig. 3!. Nearly 75 percent of the shoreline area

shows net erosion, and no greater than 25 percent illustrat'es net

deposition over the period from 1962 to 1971,

Locality 3 near Engelhard and Gibbs Point illus trates net erosion

over fully 85 percent of the shoreline between 1939 and 1971  Fig. 4!.

The remaining 15 percent' of the shoreline indicated little change

except for minor net deposition, From a comparison of shorelines

from aerial photographs dating 1939 and 1962  Fig. 5! and 1962 and

1971  Fig. 6!, slightly more deposition is suggested over these

shorter periods. This is particularly true of the 1962 � 1971

shoreline comparison  Fig, 6!. which indicates deposition on approxi-
/II

mately 25 percent of the shoreline. However, the bulk of the

modification is erosional, for all pair.- of photographs compared.

Nct erosion between 1939 and 1971 suggests a maximum rate of about

3.5 feet pc> year at the least protected parts of L3  i,e. � Gibbs

Point!, This maximum rate doubtless results from wave and current

activity in the sound. Rates of erosion less than 3.5 feet per year

persist in. the more sheltered parts of Far Greek.

Locality '- I.llustrates major erosional effects on. a prominent

headland  Bluff Point! on the mainland side of Pamlico Sound. An
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Fig. 7.� Shoreline changes at Locality 4  Bluff Point!, 19$S to 1971.



area approximately 1.9 x 10< square Eeet has eroded from Bluff

Point between 1938 and 1971  Fig. 7! . A minimum erosion rate of

6 feet per year and a maximum rate of 45 feet per year are indicated

along the south-facing headland, A comparison of shorelines from

aerial photographs of 1938 and 1945  Fig. 8! shows very little erosion

during this period. Major erosion is indicated between 1945 and 1962

 Fig. 9! and 1962 - 1971  Fig. 10! . The accelerated erosion between

1945 and 1962 may have resulted largely from the 1958 hurricane from

the south and/or the 1962 hurricane  Helene! from the northeast. Fully

90 to 95 percent of the headland shoreline has experienced erosion,

a pattern reflected by all photographs analyzed, Only minor

deposition  less than 5 percent! has occured on Bluff Point itse.lf.

However, the bay on. the north-eastern side of Bluff Point does

indicate some deposition, mainly between 1.962 and 1971  Fig, 10!.

Locality 5 at Wades Point along the Pungo River illustrates

net erosion between 1938 and 1971 along 90 to 95 percent of the

shoreline  Fig. 11!. Minor net deposition for this time period has

occured over less than 5 percent of the shoreline. Erosion rates along

the Pungo River up to 4,5 feet per year and up to 3 feet per year along

the Pamlico River side of Wades Point are indicated by the shoreline

changes shown in Figure 11, Shorelines from 1938 and 1953 � ig. 12!

13
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Fig, B. � Shoreline changes at Locality 4  Bluff Point!, 1938 to 1945.
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Fig. 9,� Shore1ine changes at Locality 4  bluff k'oint!, 1945 tc 1962.



Fig. 10,� Shoreline changes at Locality 0  Bluff Point! ~ 1962 to 1971.
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show deposition over less than 20 percent of the shoreline area along

the Pungo River. Figure 13 for 1953 and 1962 indicates less than '5

percent of the shoreline has experienced deposition, and this is less

than 15 percent for 1962 and 1971  Fig. 14!. Therefore, changes in

shoreline morphology at 15 appear to be. most strongly related to

erosional effects.

Localities 6 through 10 are locat.ed along the west-northwestern

mainland side of Pamlico Sound with positions relative to major

estuaries as shown in Figure 1. Locality 6  near Dick Point! shows

maximum erosion. rates up to 4.5 feet per year along the Pamlico

River, with rates less than 3 feet per year in the smaller sheltered

estuary northwest of Dick Point  Fig. 15!. A minimum of 95 percent

of the shoreline along the Pamlico River at L6 shows net erosion,

whether considering net changes between 1938 and 1971  Fig. 15! or

comparing shorlines from 1938 and 1962  Fig. 16! or 1962 and 1971

 Fig. 17!. Most net deposition between t938 and 1971 has occured

in the sheltered estuary northwest of Dick Point and is no greater

than 5 percent of the net change shown  Fig, 15!,

At Locality 7 near Sow island Point and Middle Bay 85 to 90

percent of the shoreline experienced net erosion between. 1938 and

1971 while less than 10 percent had net deposition  Fig, 18!. Erosion

rates up to 3 feet per year are indicat.ed, although the island off

19
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Fig. 15.� Shoreline changes at Locality 6  Dick Point!, I93B to I9'7I.
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Fig. 18.� Shoreline changes at Locality 7  Sow Island Point!, 19!8 to 1971,
25



Sow Island Point was reduced to about one-quarter of its initial size

between 1938 and. 1971. Figure 18 illustrates that most erosional

activity has been concentrated on the southwestern side of Middle Bay

rather than along the northeastern side.

Locality 8 at Maw Point had net erosion between 1938 and 1971 at

maximu~ rates up to 3 feet per year  Fig. 19! . Fully 95 percent of

the shoreline shows net erosion between these dates, and less than 5

percent shows net deposition. Strong erosion is also indicated between

1938 and 1962  Fig. 20! and between 1962 and 1971  Fig. 21!, although

less than 10 percent of the shoreline illustrates deposition between

1962 and 1971,

Locality 9, at Point of Marsh across the Veuse River from M=w

Point, had erosion rates up to 3,5 feet per year. Approximately

80 percent of the shoreline shows net erosion between 1939 and 1971

while the remainder of the shoreline indicated little change

 Fig. 22!, The largest amount of erose on is concentrated along Point

of. Marsh, The shoreline southeast of Point of Marsh is at least

partially protected from wave activity by a marshy island  Raccoon

Island! in the sound some 1000-1200 yards off the marshy shoreline

 Fig, 1!,

Locality 10 at Cedar Island illustrates well the localized effects

on erosion and depositio~ which are produced by man-made features

26
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Fig. 20.� Shoreline chan@ca at Locality 8  Maw Point! ~ 1938 to 1962.



LAND

~ I97I

l962

0 500 IOOO FTEROSION

DEPOSIT ION 0 500 M

Fig, 21.� Shoreline changes at Locality >'  h1aw Point!, 1962 to 1971 ~



~ l97I

l939

0 500 1000 FTEROSION

DEPOSITION 0 500 M

Pig. 22 ~ � Shozeline chanaes at Locality 9  Point of Marsh!, 19/9 to 1971,



blocking the sediment supply. Posi t i on and shape oi the shore l ine

have been strongly alt'ered by t' he location of a terry terminal as

shown in l'igurc 23. Between 1945 and 1971 the t.erminal breakwat.er

has resulted in progradation nf the shor< line southeast of thc terminal

and "starvation" and erosion of thc .hor~li»c to thc northwt st

�'ig. 23! . The nor thwest movement of,and ind ica ted is likely

produced by currents passing through the harrier island system at

a point southeast of L10  Fig. 11 aud bv wi»ds from the east and

northeast. About 60 percent of the shoreline at L10 has exper ienced

n< t erosion at rat< s up to 6 feet p< r yeat d»e t o the comhincd e f fee ts

of diminished sand supply and wave. activity in the sound. Some minor

deposition is indicated in North Bay, but the strongest net deposition

has occ»red along th» unsheltered shoreline and is the result of the

damming of sediment supply lines by the l errv I er minal br eakwat'er. As

shown by Fig»re 23, approximately 40 percent of the shoreline at 110

experienced net deposition between 194'> and 1971. Ihis locality is thc

l irs t which has shown prominent lengths of r elatively wide sandy beach

and numerous strong sandy shoals. 'lh» occurrence of much sand from

an apparent southeastward source at thi locality suggests that sand

commonly is supplied to the sound through inl»ts in t' he barrier r~idnd

system.

31
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H. Barrier Island Side of Pamlico Sound

Localities 11 through 15 are located along the Outer Hanks, a

barrier island system  Fig. 1!.

Locality ll, near Ocracoke Inlet, illustrates the effects of

hurricane activit'y along both the lagoonal and oceanward sides of the

barrier island system, Since some of thc aeriaI. photographs at Lll

were taken shortly after hurricane activity, the land � water boundary

on the photographs was sometimes marked by a relatively diffuse line.

Therefore, the high water line was used for shoreline comparisons at

this locality in an attempt to more accurately delineate changes

in shoreline morphology.

Figure 24 may iIlustrate an exaggerated patter~ of net erosion

for the lagoonal shorelines at Locality ll between 1945 and 1971.

The 1945 lagoonward shoreline was drawn from an. aerial photograph

taken about 4> months after a hurricane from the south which moved

considerable amounts of sand lagoonward across thc barrier island,

The post-hurricane high water line Irom the 1945 aerial photograph is

cut into the washover fans, which indicates that erosional activity

within the sound is modifying the sand shifted lagoonward by the

hurricane. Such erosion following storm washover is probably normal,

and is also suggested at Lll  Fig. 28! between a March 1962 storm

and May 1962. The 1971 lagoonward shoreline does not show effects of

a recent hurricane and may be closer to the form and position of the

33
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mean shoreline. Thi suggestion 1: =trcrrgLltcned by the shorelines for

1953, 1955, 1962S, l962, and 196H  I-'igs. 26-30'!, all of. which show

morphology and po» zion ~rmt lar to that not r d . or the 1971:-horcl inc.

'Ihr cr osional. effect.= incticaced bet wrr=rr 194'r and 195 >  Vig, 2'ri also

may be exaggerat ed I or the same reason

compar ison oi thc 1953 and 1 >71 lagoona ' horc' linc at l,oca1ity

ll  Fig 31! reveal~ Q ail:-rilar morplrologv Fc r Irozh dates plus an

erosion area cons icier ably lc ~s ext os r ve t han or c it her 1945 and 19/1

<F'ig. 24! or 1945 and 1953  Fig, 2..j lt appears that, any mean change

f or the lagoonal shore 1 ine derived I r om a compa r i. on oi 1945 anc! 1971

or' 1945 and 195"i ' horel ines is pr ohahly inac curate bc carr i. r~I lrur. i canc

effects Net erosion derived from 1953 anc! 1971 shorel ines  Fig, 31!

provides maximum loca 1 ized erosion r'r tr ~ rrp t o I.! i c <-t per i.r,r r on

the lagoona! side. of the barrier is lancl systcrtr ac Ell. Erosion ha~

occurcd over approximately 90 pet cent ot th» lagoon;-r I Irocr! r'nr

t his loca 1 i ty between ! 953 and 197]  I r I I i, .", t deposit ion I or thi

per iou i., indic at c <I for less t han 10 p» r crr t oi. t rr» ~!tore 1 inc.

The oceanwarc! ~ ide ot the barrier r I rnn .- y» t r m i~ not err. c cpt ible

to t' he wathover problems of rhe lagoon r I - i Ic, an I a < orrrpat is rn of. thc

19'r 'r «nc! 1971 stror~ lines may be u>ecI r o;r >rir i' I i r «e:«» r; .. n I r r > orr;

a' I.ocal ity 111, Net "rosion i s shown I or mor r titan 95 percent. oi rhe

ocr. snward shore linc bc. tween 1945 anc! 197 r  F'ig 2-'r!; nr t. dcpos i t ion

is rrrinor  less than 1 percent! . Er c> ion: ate., up to at. least 8 fez t
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per year are suggested between 1945 and 1971, Much of t'he»rosion of

the oceanward shoreline appears related ro hurricane activity, and

localized short-term rates as high as 20 feet per gear are indicated

between 1955 and 1962S  Fs g. 27! due to t he i~farch 1962 hurricane

These values indicar;c var iability in erosion rates produced by

hurricane act.ivity and illustrate t.hat a mean e. osion iatc or an

"average" percentage of erosion/dcpos ii. ion i.. dif ficult Lo establish

where hurricane act.ivity has had a si. i ong inf luence on morphology of'

the shoreline. There is a good indication from Figures 2R and 29

that prograding and/or smoothing of the oceanward side of. the barrier

island system may occur "oon after hi.rri cane activity due t'o th»

influence of longshore currents.

LocaLity 12, situated near Buxton and Cape Hatteras, includes the

scgmenL of. beach upon which Hatteras lighthouse is located. Figur» 32

shows i.hat 75 percent of thc shoreline of the lagoonal side of Lhe

barrier system experienced net erosion beLween 1959 an.1 1971 and 25

percent experienced net deposit.ion. J,oca1 maximiim rates of erosion as

high as 8 feet per year are indicated, Emplacement of two groins along

the ocean beach near Hatteras lighthou~e appears to have reduced the* rate

oE erosion of the beach southwest of the groins  Fig. 32! However,

immediately northeast of the groins maximum erosion rates up to 16

feet per year are still indicated.   reat»r than 95 percent of the

oceanward shoreline shows net erosion b»tween 1959 and 1971 aL L12;
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no net deposition i= obvious. The gtoin= have >lowed, but not reversed,

the erosionaL processes at this locality.

Locality 13  Avon! shows net ero>ion over 95 percent o', the

lagoonal shore1inc, and net deposit.ton o<er the remaj ning 5 percent.

between 1945 and 197 L �'ig, 33! . f.ocal t ro. ion rate > up to 7 5 feet

per year are indicated. The oceanward abhor "line reflects er o! ional

changes over the. 1<'ngth of shor«1 in<= ana Ly7<~d at 1 13, and rates range

from about 2,5 feet per year up co 9,5 fe«t p«r year  Fig. 33!.

The period betwe en 1945 and 1953  Fig, 34!;bows a similar area of

erosion along th«oceanward shore 1 jn«and 1< ss erosion on the Lagoonal

side: Figure 35 illustrates that much o t the shoreline between 1953

and 1955 experienced net deposition along both the lagoonal and ocean-

ward sides of the barrier island Fros1 anal et feet~ probably related

t.o the March j962 hurricane are indicated by a compar ison of the

shorelines between 1955 and 1962S  Fig. 36! . Repair and smoothing out

of the oceanward shoreline soon after the March 1962 rotm is

suggested by Figure 37, This repair process may alamo be reflect«d in

the progradation oi the oceanward shorel ine between Nay 1962 and

197l  Fig, 38! . As already discus.ed, Locality ll �'igs 28 and 29!

also appeared to indicate t his repair pr ocess af ter t he 1962 hurricane.

I.ocality 14  Salvo! along the barrier island system shows that

the lagoonal side: of the barrier i 'land experienced only sma11 per-

centages of net erosion  less than 25 percent! and net deposition
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Fig, 35,� Shoreline changes at Locality 13  Avon!, 1953 to 1955.
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 less than 30 percent! between 1953 and 1971  Fig. 39! . Ma~imum local

rates of erosion up to 2,5 feet per year are indicated. On the oceanward

side of the barrier system, net deposition occurred over 85 percent

of the shoreline with net erosion on no more than 15 percent at rates

up to 5.5 feet per year between 1953 and 1971  Fig. 39!. A pattern

similar to that for net effects between 1953 and 1971 is indicated for

both sides of the barrier island between 1953 and 1955  Fig. 40!. The

oceanward side of the barrier island underwent erosional changes

between 1.955 and 1962S  Fig. 41! which are likely related to the March

1962 storm. Erosion is shown along 95 percent of this shoreline between

1955 and 1962S. Figure 42 indicates possible depositional effects

related Co washover on the lagoonal side, and it illustrates smoothing

of t.he oceanward shoreline by longshore currents after the storm activity.

Progradation and repair of the oceanward shoreline is also shown by

deposition along the shoreline between 1962 and 1971  Fig. 43!.

Locality 15 is positioned on Bodie Island immediately north of

Oregon Inlet. On the lagoonal side> about >5 percent of the shoreline

shows net erosion and 45 percent shows net deposition for the period

1962 to 1971  Fig. 44!. Maximum erosion rates range up to about 10

feet. per year. On the oceanward side of L15, 85 percent: of the shoreline

shows net erosion and approximately 15 percent shows net deposition

between 1962 and 1971  Fig. 44! . A maximum erosion rate ranging from

10 to 18 feet per year is indicated for this area of oceanward shore-
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Fig. 39.� Shoreline changes at Loca1ity 14  Salvo!, 1953 to 19"�.
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Pig. 42.� Shoreline changes at Locality f4  Salvo!, %arch to Nay, 1962.
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Fig. 43.� Shoreline changes at 1ocality 14  Sa3.vo! y 1962 to 19'71.
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C. Southern Tip of Roanoke Island

Locality 16 lies at the southern extremity of Roanoke Island.

Between 196Z and 1971, net erosion and net deposition appear to have

occurred in nearly equal percentages along the shoreline, and the non-

static nature of this shoreline is shown by the areas of change in

E'igure 45. Erosion rates at this locality are difficult to estimate

due to the irregular nature of the shoreline resulting from numerous

small islands off the shore of Roanoke Island,
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SU BJARY AN! CONCLt.'S TONS

Figures 46 and 47 summarize the data compiled in this study of

�! net percentages of shoreline whj.~h have been subjected to erosion

or deposition and �! generalized net maximum rates of erosion at' the

sixteen study 'Localities. Thc data, whicE} werc derived from t.hc analysis

and interpretation of aerial photographs, provide important and

characteristic patterns of shoreline changes as shown by the two

summary figures,

The environment of highest' energy occurs along the oceanward

side of the barrier island system where storm-generated waves have

the most profound effect on shoreline morphology, High percentages of

erosion are characterist ic of the oceanward d side of the barrier  Fig. 46!,

an<1 the highest erosion rates consistent:ly occur in this posit.ion

 Fig. 47! . The data are in agreement with that derived by most studies

which have concentrated on the oceanward side of the barrier island

system. Locality 14 appears to bc an exception co the general pattern

of strong erosion and indicates local net deposit.ion along the ocean-

ward side of the barrier syst: em.

The lagoonal side of the barrier i~land system is generally

undergoing net erosion  Fig. 46!. Loca!ity 14 is an exception in that

it is relatively stable since deposit.ion slightly exceeds erosion..
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At Locality 15, the lagoonal side shows less net erosi.on than was

indicated for Localities ll through 13, Thi. may be because L15 is

located at the northeastern end of Pamlico Sound where wind-generated

waves and currents from the northeast would have less effect. The

maximum erosion rate shown on Figure 47 for L15 may bc high because

few photographs were available to obtain a reliable mean value. However,

Figure 47 generally indicates maximum erosion rates somewhat lower

than those for the oceanward side of the barrier island system and

higher than the rates shown for most of the mainland marsh side of the

sound .

The ef fects of storm activity are well demonstrated by the 1962S

and 1962 shorelines along the barrier island syst: em at Localities ll,

13, and 14. Fvidencc exists for washover of sediment into the lagoon

after severe storms, and these washover fans tend to be eroded under

non-storm conditions. Prograding and repair ol the oceanward shoreline

by longshore currents is apparent soon after storm activity.

The mainland side of the sound experiences considerable net

erosion at every locality except Ll and L10  Fig. 46!. As with

Localities 15 and 16, Ll occurs at the northeastern end of the sound

where waves and currents from the northeast have the least erosional

effect. The maximum erosion rates shown for I.l  Fig. 4 7! may be slightly

high because few photographs were available for comparison to obtai~
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a meaningful average value. Nevertheless, Ll is situated at a headland

where erosional activity would be greatest.. Locality 10 is supplied

with sand via the inlet in the barrier island system southeast of the

loca1ity, and net deposition is locally high because of the ferry

terminal break-water which has blocked the sediment supply

line and produced an area of strong deposition on the upcurrcnt. side

of the breakwater,

Localities 2 through 9  mainland! experience net erosion at

maximum rates which are typically less than either the oceanward or

lagoonal sides of the barrier island system  Fig. 4.7!, However, the

data does suggest that the salt .- - '.; shoreline along the mainland side

aj Pamlico Sound is activity receding as a result of erosion.
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