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ABSTRACT 

Recent shoreline changes along the Virginia barrier islands indicate 
C 

that these islands are the most dynamic along the mid-Atlantic coast. Hog 

~slnnd, ~ i ~ g i a i a ,  has been rotating in a dockwise direction for the last 122 

shoreline has transgressed over 2.5 km along its southern shoreline 
Y E ~ ~ P  

over 1.5 km in the north. Prior to 1871, the island was rotating 

a counter-clackwise direction. Between 1949 and 1989, high erosion rates 

(13 m/year) to the south and high accretion rates (13 m/year) to the north 

have led to reworking of approximately 50 percent of the island. There is, 

bowever, at least one feature on the island which is at least 300 years old. 

The geomorphic history of Hog Island was deciphered by analyzing 

historical shoreline charts  and juxtaposition 

landforms, and the physical characteristics of the island along transects. 

the modem landscape, f i v e  physiographic regions have been identified: 

1) Overwash Flat and Dune Ridge; 2) Transitional; 3) Conlinuous Dune; 

4)Overwash Fan and Terrace; and 5) Spit ComplexF Sediment s-ples were 

collected from seven landform types (beach, berml dune, overwash, relic 

o vet wash, runnel, and threshold) in each region and found to be 

homogeneous in mean grain size. By comparing the older landform 

morphologies and is land configurations t o  the more recent island 

char~teristics, it has been found that Hog f s h d  has acted as a drumstick 

barrier throughout the history of visible landforms. It bas also been found 

hat  at least three changes in the rotation of the island have occurred: 
1) late 

Im's; 2) middle 1700's; and 3) the most recentf around 1871. 



study of hirlorical chart dala revcals that the entire Virgi~ln b d e r  

@ Ira nnkrgone major morphological change ormad 187 1 Pisbins 

m w ~ S  crcatd an e x e f i h n  of Airateagw laland an&  pa^^^^ 

mbb fr lnnd~ switched from cr ,unter-~10~kw ixe ' ro clockwi ic  ~ O L O I ~ O ~ ~ .  

amp&m of the= ialands to Hog Iflartd implie8 that there b w  g c b g r  

a scale coastal agentr 

c stom climate On the Eastcm Shore of Virginia changed gradually 

few, continental track. stoms in t h t  late 1800's to f r q u m t .  offshort 

m a ,  in h e  the mid-1900'3. peaking in the cady 194)'s. Thcu eEimatdqicd 

r *a ion~  may k affecting the mid-Atlantic mast at intervals of 200 120 

y a m  (pea tQ p e w m  These climatological data coincide with n change ?long 

Virginia barrier islands in the law 1 8 0 0 ' s ,  a dccreasc in the area of Hop; 

Island from 1871 to thc 1960'~~ and a shift in the ebb dtlta position and c-1 

-ward fmm tht late 1800'r to thc 1970's. B y  projecting the 60 year climate 

vuiasion to a 120 year cycle of peak to peak l a  contemporaneous rnaxifmm 

cbGkwi# rotation of Hog Island), the geomorpkic data are independently 

fd into a climate dominated systcm. Maximum clockwise rotation (with 

*meaidg maximum counter-clockwise rotation) occurred in the mid to late 

l w r ,  a r t y  to mid 1800'r, early 1700's. and around 1600. 
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INTRODUCTION 

The thineen barrier islands located along the seaward margin of the 

virginia coast are in age (Figure I). Short- and long-term 

in Processes have caused these islands to undergo rapid morpfiologic 

changes+ Sea level change, tides* storms, waves, wind, and biota control the 

oolution of these islands and their morphology by creating 9 altering, and 

destroying barrier island landforms through the redistribution of sediments. 

These processes vary on daily, monthly, seasonal, and secular time scales. 

~ l ~ h ~ ~ g h  the Virginia barrier islands retain some evidence of their Holocene 

history, significant changes in shoreline position and island morphology 

haye occurred in relatively recent times and obscure much of their older 

structure 

The goals of this study are to identify and map the different 

physiographic regions on Hog Island, reconstruct the island's geomorphic 

evolution, and determine those variations in short- and long-term changes 

which have influenced the island's development. Landform characteristics 

and landform juxtaposition are mapped and quantified using aerial  

photographs. shoreline charts, landform relationships, and field studies. 

Study of the juxtaposition o f  distinct landforms, the evolution of landforms, 

and the physical characteristics of the island, are the bases of a conceptual 

model of the Late Holocene history of Hog Island. More specifically, this study : 

1) identifies the different landform patterns on ~ o g  Island and describes the 

+ 2) documents and describes the evolution of physical characteristics o f  each, 

Hog Island; 3 )  relates differences in shoreline change along the island's 
. 



ague 

Cape 

north 

Figure 1. The Virginia barrier chain is located along the eastern 

margin of the southern Deimarva peninsula and i s  
comprised of 13 major islands. 



for Hog Island; and 5 )  applies this model of development to other 

bani er islands along Virginia's coastal margin 

A detailed Fomar~hologic  study of Hog Island has not been conducted 

in the pas! primarily because of its remote location. Recently, a National 

science ~ o u n d ~ t ~ a ~  grant provided the support to establish a Long Term 

 logical Research site along the Virginia coast. The University of Virginia 

~ ~ ~ a r t m e n t  of Enviranmenlal Sciences has been conducting meteorologic 
+ 

e c a l ~ g i ~ ,  and geologic study of the central Virginia barriers as a pan of this 

program a 

Hog Island was chosen for my study because: 1) access and logistical 

and financial suppofi were provided by the National Science Foundation; 2 )  it 

is similar to many drumstick barriers throughout the world which have been 

studied in detail; and 3) the isIand provides a study site in an area which has 

not been changed significantly by human activities. 

Moreover. an aerial photographic record of the island is available from 

1942 to the present. Tbis, along with historic shoreline charts of the island 

from 1852, documents the island's rapidly changing shoreline (up to 

13 miyear erosion and 13 m/year accretion along the island since 1949). 

addition, Hog Island is similar to other Virginia barrier islands with regard to 

its orientation, general morphology, and overall configuration. 



sediment depositionF erosion, and storage in the coastal zone by large 
C 

scaIc P r ~ c e s s e s  contributes to regional-scale shoreline configurations 

(roughly 10-200 km). In local variations in island morphology (0.5- 

10 kin) are governed by shorter-term variations in the waves tides. s t o m  

surges and washovers, and vegetrttiv t colonization. These regional and local  

create island morphology and g ive  rise to landform distributions 
I 

~ l a s s i f i c o t i o n  Systems-+ The dynamic agents involved in coastal 

create a static m a p h o l ~ g y ,  albeit long- or short-lived. Researchers 

have analyzed coasts according to the dynamics of shorelines (Goldsmith, et  al., 

1975; Rice and Leatherman, 19 82), resultant static morphologies (Fisher, 1967), 

and a combination of dynamic and static variables (Kochel g e t  al. 9 1985). 

Fisher (1967) used large-scale morphologic patterns to divide the 

Delmarva Peninsula barrier islands into four groups (Figure 2 ) ,  whereas 

KocheI e t  a!. (1985) concluded from analysis of 15 variables (dynamic and 

static) that three groups of islands exist along this stretch of coast (Figure 2). 

Bath investigations agree that the Barrier Island Chain (Fisher, 1967) is a 

region of short, discontinuous (Kochel et al., 1985) barrier islands separated by 

many inlets; however, there is disagreement on the characteristics of regions 

to the north. The difference between group divisions in the north may be due 

tQ a lag in the expression of long-term, regional morphologic change as a 

response to more recent changes in the dynamic variables. Also, the 

superposition of  sirnil ar variables onto  var ied  strat igraphic and 

~aleotopographic remnants in the geologic record may institute substantial 



Mainland 
Attached 

Parallel Beac 

Rotational Instability 

Noa-Parallel Beach Retreat 

Chesapeake Bay 

I n t i  O c e a  

Cape Cha 

( f r ~ m  Rice and Leatherman 19822 (from Fisher. 1967) [From Kochel et aLF 19851 

2. The mid-Atlantic coast has been divided into compartments based 
on coastal morphology (Fisher, 19671, on shoreline erosion rates 
and configuration [Dolan et al.. 1979; Kochel et al.. 1985;  Rice and 
Leatherman, 1982)~ and on their physical environment (Hayes, 
1979; Kochel et al,  198r).  
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differences in mgional m o ~ h o I o & y .  H ~ 1 3 e ~  (1978, - 1979) refers to 

PJ m t o p ~ ~ ~ ~ ~  as a for regional scale influences on rhc 

virginia barnem (w wcr.ion on Evolution of ~o~ islmd) 

K W ~ C ~ P  ct ui-m (1985) subdivided the Virginia panion of the Dtlmarva 

pcdinsd. barrier islands into a northern section and a southern section4 The 

s ~ t i o n  extends from just south of Cape Henlopen Delaware. to 
+ 

fishing pointw ~ i r g i n i a .  and is pan of the long conrinvous barrier (Kochcl. s r F 

of., 198s). The southern section of short, discontinuous barriers, extends from 

fishing Point to Fishermans island (Kochel cr a1 + 1985) + Hog Island, Virginia, 

is located in rhe Barrier {sland Chain as classified bv Fisher (1967) and the 

short, disconfinuoits barrier of Kochel, er nl. (1985'), Rice and Leatherman 

(1982) divide the southern section of short, disconrinuuus barriers into a 

nodern group characterized by Pornl lc I  Beach Retreat, a middle group 

characterized by Rotational Insrabiliw, d- and a southern group characterized by 

Nan-Prrmllel Beach Retreat (Figure 2), reffec ting regional-scale variations in 

the physical environment (e.8. wave climate, tides, sediment supply). The 

three barrier islands contained within the middle group (Cobbt Hog, and 

k ~ a m o r e )  have been "rotating" in a clockwise direction since the late 1800'sV 

have exhibited reversal in offsets of the inlets (Rice and Leatheman, ?982), 

and display one of the most dynamic coastlines along the  Atlantic seaboard 

@olmv LC 1979; Dolan. ct  d., 1988). 

Rotation of an island is the result of net shoreline erosion at one end 

(sediment translation landward or island transgression). and net shorclint 

accretion (regression) at the opposite end+ During rotation, 
sediment 



retiflg to rrgressive section of island i~ stored in landfirmrq cresting 

Lhc g c ~ m a ~ h i c  features which document a ponion of the islands histoly 

~ e d t m e ~ t  Redistribution PrQcesscs alter shoreline positions 

by redistributing sediment from a source to either shor(- or long-term starage 

and finally to a sediment sink (Field and Duane. 1976). me sediment sink may 

deposited (e=g= a back-barrier sequence overridden by the island 

and abandoned as a terrace deposit on tfic Coastal plain 
I 

which store sediment and outline former s h o ~ l i n e  positions (Halsey 1978) v 

Halsey (1979) has stated that the differences between the long continuous # 

barrier, ex tending Cape Henlopen Fishing Point and the 

discontinuous barriers south to Cape Charles (Figure 2) are due to sediment 

availability; as more sediment becomes available to the longshore currents due 

to the erosion of the Delaware headiands, inlets between the s h o r t ,  

discontinuous barriers to the south will be filled and one long, continuous 

barrier with few inlets will be created. However, studies o f  drumstick, and 

shortp dj~continuous barrier idand systems along the mid- Atlantic coast of 

North America, Alaska, the Netherlands, and the German Bight (Hayes. 1979), 

indicate that the difference between long, continuous and short, discontin~ous 

barriers can be better explained by the ratio of tide dominance 10 wave 

dominance. 

Tides: Low mesotidal (1-2 m) and microtidal (0-1 m) tidal range in areas 

of low to moderate wave energy arc associated with the fornation of dmmstick 



8 

barriers (Hayes, 979)m This m o ~ h o l o g ~  is recognizable in the 

ro*arionaf instability section of Virginia's short n discontinuous barriers a 

~ ~ ~ a r d i n g  to Hayes (1979)9 the Virginia barriers consist of low mesotidal shon 

(3 to 20 km in length) drumstick barriers, with numerous tidal inlets 
I Tidal 

I I 

range and Wave climate ~olf i t ly  results in the formation of large ebb dominated 

&I tas with strong wave refraction effects. 

~ i d d  Inlets:  The tidal inlets of the Virginia barriers are ebb 

dominated with large ebb deltas that extend up to 6 km eastward from the 

barriersb The importance of ebb deltas and inlets in barrier island 

,,vhology and evolution is that the longshore currents 3 wave climate, and 

sediment flux in the littoral drift are greatly influenced by the ebb delta and 

ebb jet (Newman and Rusnak, 1965; Davis, e t  a[., 1972; Goldsmith, et  al., 1975; 

and Hayes. 1979). Reversal of longshore currents downdrift of the ebb deltas 

results in zones of deposition, offshore bar accretion, and a local surplus of 

sediment (Hayes, 1979; Davis er al., 1972). In contrast, interruption of the 

littoral drift by discharge forces of the ebb jet and sediment storage in the 

large sediment sink of the deltas have been shown to create sediment 

deficiencies down-drift and create up-drift offset of barriers (Hayes. 1979). TO 

compare these two seeming1 y contradictory ideas, reversal of the Iongshore 

currents and interference of the littoral drift by the ebb jet have both been 

cited as reasons for the existence of different offsets, or overlap, at inlets 

(Figure 3). Researchers often have discussed offsets at inlets, + Bootbroyd (in 

Davis, ed 3 1985) has listed five "documentcdt' causes for barrier island offset at 

inIets; 

1. large sediment supply from updrift creates updrift offset (earlier 

workers )  





. . 

- .  .. . 

2. wave refraction and s~bstquent driB revemd and 
downdrift offset, . . 

. . 
. C . -  3. downcutting of the + main ebb channel into a cohesive 4;. . - . .. 

-. . . . ..... . i a. 
downdrift offset, 

4. asymmetry of tidal velacities (flood vs. ebb) and positfan 
flushing paths creates an updrift overlap 9 and 

5.  large availability of sediment creates updrift overlap. 

~ a r g e  sediment ~ U P P I Y  ( 2 )  and drift reversal around the ebb delta 2 hawe 

been documented to be the most frequent reason for barrier island off$n. 1-n 

relation to sediment distribution on barrier islands. Boothmyd (in Davis ed... 

1985) states h a t  an updrift offset "is usually a supratidal part of the badicr 

itself," implying a strong relationship between the barrier and the attachment - 

of the ebb delta sediment mass to an island. 

Hog Island is presently offset downdrift. and may presently be described 

by wave refraction effects (2) and downcutting into a cohesive mud (3). 

Variations and changes in sediment supply may cause the system to be 

reversed. The position of the ebb delta in the Rotational Instability Section of 

the Virginia barrier islands has shifted slightly southward over the last 140 

years (Goldsmith er nl., 1982). However, the position of the dominant ebb 

channel has changed from a northeast to a southeast orientation from the late 

1800's to the middle 1900's, contemporaneous with the major morph~logic 

changes in the island (Figure 4) and changes in island rotation. 

Storms: Tropic a1 and extratropical cyclones provide the enerm in 

the form of waves and surges which drives barrier islands inlaad, changes 

i s h d  orientation, and maintains active sand regions on the island (Bdatxl, 

1978; Hayden, 19751, Northeasters (ext ratropical C ~ G ~ ~ U S )  W #  . . .. . .I 
J ,'. 

:Xn 





the mid -~ t Iant i c  than tropical cyclones (DoIan et  1978) 
a ? * Over 1300 

 tia antic coast during the 42 year period from 1942 to 1984 (Wayland and 

~ a y d e n q  1975)9 with an of 33 storms each year producing waves (r1.6 

which are capable of eroding the beach (Hayden 1975). Northeasters, with 

a wave climate dominant from the northeast, erode the beach and move 

sediments offshore (Davis, et aim. 1972): the otherwise southeast climate (in 

response to dominant high Pressure near the coast) drives sediment onshore 

during calm periods (Davis, ec aim. 1972). 

Waves reaching the beach are directly related to the storm track, stom 

duration (Hay den. 19751, and offshore bathymmetry (Goldsmith, e t  al., 1975). It 

has been suggested that if storm tracks or storm intensities change, that the 

result along the active coastline wi l l  be recognizable in shoreline 

configuration and orientation with time (Hayden, 1975; Wayland and Hayden. 

1975; Dolan, ef al., 1988). Along the Atlantic coast of North America, Hayden 

(198 1) analyzed spatial and temporal variations in storm frequencies 

occurring from 1885 to 1978. His fi rst two eigenvectors represent the tracks of 

cyclones along the coast (El ,  28% of variance) and cyclagenesis (E2, 17.3% of 

variance; Figure 5) .  In the early 1900'~~ cyclones had a greater tendency to 

track to the west of the east coast (continental track: ~ 1 ~ 0 ) ;  in the early 196Q's9 

the dominant stom track was over the ocean (marine track: E p 0 ) .  There 

tends to be a positive correIation with the number of storms and the marine 

track (Figure 5). The total increase of storms from the low to high Over this 60 

War variation was faur-fold along Virginia's Eastern Shore (Figure 6 ) .  
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Wa v e s '  Waves and storm surges Commonly combine to overtop the 

of the beach and spread across the island, depositing sediment and 

translating the island landward. As waves approach the coast, they are 

=fleeted and refracted by the bottom features offshore. Goldsmith et  al. (1975) 

have studied the effect of offshore b a t h y m m e t ~  on waves approaching the 

virginia coast. Their study showed that the ebb deltas of the middle Virginia 

barrier islands generally cause the accretionary southeast waves, as well as 

the erosional northea5t waves, to be concentrated at the southern ends of the 

islands. Most sediments would then tend to be either eroded from or deposited 

on the shoreface along the south ends of the islands, depending upon stom 

(high energy, erosional, northeast) or calm (law energy, accretion al, 

southeast) conditions. 

During a storm in March 1989, visual observations on Hog Island were 

made from the beach regarding the relative intensity of waves breaking in 

the surf zone, directly on the beach, and across the ebb delta. I began 

observations one day before the storm peak at the south end of the island at 

mid-tide and walked north as the tide rose, ending at the notth end of the 

istand just after high tide. was apparent from the large number of breakers 

outlining the ebb delta northeast of Hog Island that a large amount of the wave 

energy coming from the north-northeast was released on the ebb deltam 
The 

ebb delta visibly reduced wave heights reaching the north end of the island. 

Wave energy reaching the shore increased south of the ebb delta where waves 

were breaking directly on the beach. There appeared to be a slight difference 

in wave energy at the extreme southem pafi of the island. and this may be due 

east o f  Machipongo ~ n l e t  or to the difference to the large ebb delta extending 



i n  elevation. The dominant northeast wave climate and refraction in and 

the ebb delta have caused erosion on the updrift sides of the inlets and 

deposition on the  down drift sides since the late 1800's (Figure 4). 
C 





Inferred Pleistocene 
~ a l t o t o p o g r a  phie high 

Inferred thaiweg or 
Pleistocene paleochanncIs 

HOG ISLAND 

.khorn Island 

Position of modern 
shoreline 

Pleis tocene-Holocene stratigraphic 
boundries were taken from: 

Newman and Rusnak, 1965 
Newman and Munsart, 1968 
Morton and Donaldson, 1473 
Halsey, 1978. 1979 
Finkelstein and Fcrland, 1 9 87 
Finkelstein and Kearney, 1988 
C. Gingerich, Pers. Comm. 
R. Yochel, Pers. Comm. 

Geomorphic evidence from USGS 
topographic maps was used to 
identify and deter mine trends 
of visible regressive ridges. 

During the last lowstand of sea kevel, an incised trellis drainage 
pattern formed an the exposed Pleistocene surface. This surface is 
composed of fine and coarse grained sediments. a regressive phase 

of sea level fall ,  shore parallel ridges were left behind. Mockhorn 
Island is one of these stranded barrier ridges [Finkelstein and 
Kearney, 1988). Note the location of paleochannels associated 
modern inlets, and the relative position 01 Parramoreu 

Hog, and Cobb 

Islands with the iderred Pleistocene ~ a l e o t o ~ ~ g r ~ p ~ ~ ~  



Radfocarban years  ~ , p ,  

@Finkelstein and Ferland, I987 

+van de PlaSSChe. 1990 

a Connecticut 
b Eastern Shore of Virglnla's 
c New Jersey 
d Delaware 

Van de Plassche, 1990 

Figure 8.  Sea level curves for the East Coast of the U.S. indicate that sea 
level w a s  rising rapidly until about 2.500 B.P. Since that  t ime,  sea 
levels have been rising at  a rale d 1 m m  to 2 m m  Per year. h r e  
recent studies, using tide gague data, have been used to 
calculate an accurate recent rise in sea level of 2 m m  to 3 m m  
per year,  



environments 
behind lhe Virginia barrier islands have varied 

on the Pleistocene surface occurred rrom 
at 'east 5,100B.P. to lOOOB*P., 

However, Oertel, e l  al., 

(1989)p through the use of pollen studies 
that the open lagoonal 

Pleistocene marsh platform. Since 1.000 B-PP9 up to 2.5 m of marsh sediments 

behind the Virginia barriers (Newman and Rusnak 1965; Newman and 
9 

Behind Hog Island, Finkelstein and Ferland (1987) identified 4 m to 5 m 

of open lagoonal sediments below 1 m to 2 m of back-barrier marsh 

NO radiocarbon dates are avaiIable on the cores but, given 

stratigraphic relarionships behind the Virginia barriers, the change in 

depositional environments probably occurred around 1,000 B .P. Pleistocene 

lilho1ogies have been found 7 m below sea level (Craig Kochet, p e  r s o  na l 

COmmunication) at the n o d e m  end of Hog Island, directly behind the most 

landward dune ridge. About 6 m of lagoonal sands and muds, and 1.0 m to 

2*0 of marsh and overwash overlie the Pleistocene unconfomity. A probe 

MHW (mean high water), just noah of Bowen's Cabid (refer to Figure I I ) ,  

that there is 0.64 m of thickly matted, spongy, organic material 



On top of 1.5 m of v c v  f ine  sand, and aL least +3 
mud below the sand (Figure 9) 

By a sea level rise rate of 2 m m  
3 mm/yearj and the accumuIation of 0.64 

of h i g h  marsh sediments bchjnd 
these older p o ~ i o n s  of Hog Island 'Figurc 9 ) ~  the  older landforms are 

be 230 to 320 years old. 
This date is comparable to Fitch (19911, who 

the age of the isIand to b 
264 years using overwash sedimenlalion 

rates and erosion rates for Hog Island, 
b 

( ~ ~ t h e r i n e  Gingerich, personal communicarion 1990) 
g In the marsh at the 

~or thern  end of Parramore, Pleistocene sediments have been recovered 1.2 

metem below sea level (Newman and Munsan, 1968). Here, as below the marsh 

behind Hog Island7 a Pleistocene high or ridge is situated between two former 

thalwegs, which are now the location of inrets (Halsey ? 1978)- 

Covering the Pleistocene iithologies 5 the Late Holocene (modem) 

surface units of the active barriers are composed of two main lithofacies: a 

fine grained (mud) low energy marsh substrate being overridden by a 

relative1 y coarse grained sand barrier (overwash, dune, and beach 

environments). Some fringing marsh substrates on Hog Island are composed 

of fine sands (Tanya Furman, p e r s o n a l  commirnication), however for 

discussion in this paper. the coarse fraction of the island will refer to the 

areas of the island not covered by fringing marsh. The development and 

evolution of the coarse sediment fraction of ~ o g  Island can be documented 

based on evidence from historical charts of the shoreline (1852, 
1871, 1910, 

19759 1.982) and aerial photographs (1949, 1955, 1962, 
1985) .  Oblique 



Hi8h Marsh Surface 

Organic mat: no inorganic matler, e nlirely 
r o o h  of S- p a  tens. Some line quartz 

sand visible in seckion around 0 meter. 

ug Pit 
Overw Fine sand, thinly laminated 
with few heavy minerals. Lacking organics. 

Mudrn lagoonal (7 ) :  a soft, dark, plastic 
layer, with little sand. 

A stratigraphic column from a probe behind Hog Island, n o r t h  of 
Braadwater Tower and Bowen's Cabin. The organic mat is  composed 
entirely of Spartina patens root materiaf, representative of a high 
marsh area .  



P harograph~ taken the  late 1 wl)'~ and early I 
''lr-'s frfHl'l the Broadwaler 

tighthouse (Badger and Kc1Iam, '''') depicl the cxirtcnce of large rcgreqpivc 
C. L dune fealurcs the south  cnd of the island d 

that timc period. 
prior to i h c  avai labi l i ty  of h m  

lstorical ph<,lographs 
and shorclinc data 

only available portrait of th ' cvo'u ' ion of Hog Island i s  ihe mosaic of 

1 andf~rms-  photographs from 1985 
and Ig49 wcrc used for preliminary 

i n l e r p r c t a t i ~ l l ~  of the  I and form re] al ionsh i p s m  
landform positions were field 

checked through extensive visits lo the  island in ihe sumrner 
1Y89 I 

Shore1 ine positions (Figure I{)) 
onto a 1955 rectified 

ou[Iine and I a n d f o ~ ' ~ ~ ~  map 0f  thc island 
in order to delineate the age of each 

portion of Ihe ''land tFigurc 11). The ponion of the island is jdenlified 

as an "ancient" barrier by Rice e l  a/. (1976) and referred to here as "the oldcsL 

1 
It ponion" or the oldest landforms. has not been absalutely datedw However, the 

existence of Native American anifacts on th is  segment of the island (John Hall 

formed prior to t h e  elimination of Native A m e r i c a n s  from the Delmarva 

Peninsula, sometime between 1670 and 1700 (McCary, 1957; Middleton, 1989). 

The 1949 aerial photographs are ex~rerncly useful in  mapping the oldest 

po*ions of the island because increased overwash in 1955, and the  severe 

northeaster in  March 1962, obi iterated surficial evidence of the connection 

the oldest 1 and form s .  Observation o f  t h e  island's oldest features 

the existence of two ages and forms of island physiography west of the 

dune ridge (Figure 12). From the  juxtaposition of these landforms.  other 

'pisode$ of island orientation and movement  may be inferred (Figure 13) .  
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fC > r5- 0ldesr Regions ( 1670?) 
-, ,:,::<: 

Active Beach 

ruprcscnrs thc limc pcriod jn which 

or onc of Lhc oldest par IS fur 

Greal Machipongo in! e l  

+ 
'lgure 11. The age or each reg ion  on the i s land was d e t e r m i n e d  by 

5uPerirnposing shoreline c h a r l s  and aerial photographs onto a 1985 
base map.  The resulting overlay shows the o l d e s t  sect ion of i s l a n d  
near the marsh+  The oldest por [ ion5  at  8roadwater ;Tower were 
covered by  t h e  1962 storm.  



Active Sand 

pre-  1 9 4 9  

younger 

older 

Area 

12. TWO ages of oldest barrier features are visible in 1949 ~ h o t o g r a ~ h s  
of Hog Island. The oldest portions are to the north and southl while 
the younger portions have migrated 
across them. 





29 
fiorly Ilislory: I ~ n d S o r r r ~ s  along , h c  h 

I n a r s h  side flog island 
p o r t i ~ n  of t h ~  island - a k f: oldest 

UP "ld rcpre'cnt diSjLcrcnl per,f,ds ,,[ i\lanfl 
' r  

In thc marsh along ihc  ,,ot~lion- nonh end lhc islarrd, IandrrIrms 
I radial 

and vcgct3tion palterns -, 

drainage lndicatc t h a t  a( ,,,c t h i  
:i W a s  

a re8 of cornrncln rwcrwash. 
an IrnbriQ1c dunc  r idgca  

which  appear lo  have 

been conne~tcd overwash,  arc visible i n  ihe 
lg4' photographs near  

wafer Tower (Figure 14). T h  
ese ridges indicate thal  the  shore l jnc  wap 

From 
- 'I landforms, lheir rclative posrtlons, and thei r probable connection 

I it is 

A schematic diagram* represen king the earl iest  visible landform on 

north and accretion to the south (Figure 13). 

Like some of t h e  older portions of the oldest landforms, most of the 

younger portions of the oldest landforms consists of low dune ridges and 

overwash. These younger features truncate the alder overwash fans  to the 

north and the imbricate ridges to the south (Figure 12). 

[he southwest, indicating a southerly longshore currenL. 

They are oriented to 

The island during 

the 1700 configuration {Figure 13) portrays a situation in  which the thin, 

landward migrating barrier has  changed rotation and breached tfie center 

portion of the island. Here, high dunes do not create a threshold which ihe 

"Om climate could not overcome. Between the time of Native American 

and 1871 no landforms are visible. The island exrended seaward 
of 

1 

Ihe I852 shore belween the late 1600's and the mid-1 800's. 
This period of 



BROADWAT 
TOWER 

kilometers 

Dune Ridges 

Embryonic 
Dunes 

/ Channel 

/ Relic Overwash 
Channel 

d 

f 4. Crests of dune  r idges  and  djrections of m ajar overwash penetrat ion were 
traced from unrectifjed 1949 and 1985 aerial ~ h o l o ~ r ~ ~ ~ y r  Notice tha t  t he  

embryonjc dunes in f 9 4 9  ( r ep resen ted  by small  dots the  

northeastern shoreline) coalesced into a continuous dune  r i dge  

Jeparating the overwash f l a t  from the shore-  
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spit*P 3fal lc l  now vis ib'cv are p r c s ~ n t  along this spit in 194V 
large' 

( ~ i p u ~ ~  14).  

1949 10 present: From 1949 lo Ih' PrcScnt. the southern spil has 

to miprate southward under the i n r I u e n c e  o f  the d o m i n a n t  continued 

and island has increased f r o m  4.5 km2 in 1949 Lo 
long shore 

2 in 1985 (Figure 15). The dominant ebb channel  simuliancousiy 
7.5  k m  

rated nonh 1974 to 1985 (Figure 4). 
mi$ 

Overwash regions north of the spit complex at the southern end of the 

have migrated p r ~ ~ r e s s i v e l y  northward, and between 1949 and 1955, is I and 

two large overwash throats penetrated thc continuous dune 200 m north of 

breach 

Tower and 

occurred 

created 

because 

two 

the 

large 

dunes 

fans which 

eroded 

spread 

such 

across 

extent 

the 

that 

marshes. 

storm 

the overwash threshold of the island in that area. 

At present, the northern part of the island, comprised of accretionary 

overwash flats and dunes,  cant inues to acctete; the active: f la t  behind the 

largest unstabilized dune is slowly + being stabilized by vegetation+ 
Meanwhile, 

a new embryonic dune ridge continues to coalesce 
and form another barrier 

Despite the fact that the south 
of the 

against storm surge to  he flats. 

the late. 18('~0's, most areas 
island has behaved in an erosional manne.r since 

K e \ \ v ,  p e ' ~ ~ n ~ i  
since have accreted u' 

near Broadwater Tower 
1985 ( J immv 



P H Y S I O G R A P H I C  R E ( ; l r ) ~ g  
4 

APP 
roximatdy 90% of ( h e  landforms prcscntly vi.;ihlc on Hog 

.. I s l a n d  

lormcd Or have  been modified since period r o r a r i o n  
h3vc 

around 1871. Based On the relative age, d u n e  and  ovcrwash bc.Wfl c. -I 

shoreline erosion r3tesq the i s land can  be divided inlo five physiographic  
and 

From north to south they arc: 1 Overwash F1a1 and Dune Reg inn ;  

7 )  ~ ~ a n ~ i t i o ~  3)  Cont inuous  Dune Rcgion;  4) Overwash  Fan and  ~ e g i o n ,  
H 

and 5 )  Spit Complex Region (Figure 16'). Terrace Region; Each of thcsc regions 
b 

closely c~rresponds with different shoreline erosion rates fo r  the 1as1 40 ycars  

(Figure lo), and each has developed a different physical character. 

The regions have been studied through the use of c h a r t s ,  

aerial photographs. and by data colIected along 12 transecrs (Figure Itjj, 

Definitions of  the variables are presented in Table 1 and data far each of the 

in Table 2.  One lo f ive  tcansccts 
are s i tua ted  wi thin 

transects are presented 

each physiographic region. General descriptions, cover, shoreline 1 

changes ,  geomorphic h i s to ry ,  

relationships to the adjacent regions 

regional characteris tics and the 

used to compare modern coastal 

historical  landforms preserved 

t r a n s e c t  

are discu 

landforms 

i n f l u ~ n c ~  

on the 

d a t a ,  

s with 

the ~~~1 

t within 

. + 

v a r i a b ~ 1 1 r y 9  

wing pages. 

each region 

l andforms  to  

historical  3 

a n d  

The 

are 

E he 

e r i d  



Transitional 

Continuous Dune 

Cabin 3owenr5)! 1 
w 

Bruadw 
T o w e r  

Flat and 

Ridge 

Overwash Fan and 

Terrace 

- 7 

1 r d  TlSkl.' 1 i0 (:a!. I :J fl 

and :hl~mrkr 

Spit Complex 

t.siogaphic 'eglons based On 

Hog Island can be divided into five maJorph erosion rates' and 
relative age I dune and over\.vash P at terns, 
physical characteristics. 



- 1 - The highest paint along the entire 
Elevation 
~ h o t o _ p l ~ a ~ h ~ .  

above . transcct. M ~ Y  be presently active I M H W  as 
by dune or older stabilized dune. 

'Tansit and stadia or 
hand level and 

P e r c e n t  
O v e r w a s h  

identifiable overw ash which covers 
the transect region. Where the active 

beach i s  backed by a continuous 

Qualitative visual 
measurement,  

faredune. zero overwash is used. 1 

Diurnal to  Annual - 

Table f # 

m 

Beach  
S l o p e  

of the twelve transWtS+ 
Data were collected along each 

- 

the berm. 
Angle from h o r i z o o  Brunton Compass 
surface 2 m below the high water 

- - - .  

B e a c h  W i d t h  of active region including area1 
W i d t h  from approximately mean sea level to Field surveys 





Overrash FI8t and  Dune R i d g e  Region 

four dominant overwash flats, ranging 
The 

- (Figure 14). Two overwash f l a t s  are inactive th, 
active 

w 

surge. Five dominant dune ridges, and four to seven minor dune ridges 
F 

approximale the trend of the  overwash flats. The dominant ridges range from 

through the western most dune ridge (formed prior to 1871). and leading inlo 

the marsh, is a remnant overwash channel over !he location of the 1871 inlet 

(Figure 17), marking the transition from an erosional to an accretionary 

shareline during the late 1800's. The changes i n  shoreline position have 

resulted in the large accumulation of sediment on the north end of the island+ 

Because of the differences in shoreline location since 1871, manv dune F' 

ocean and inlet parallel shores (eIgl ridges have been truncated by active 

along the northern end of the island). Truncation of stable dune ridges by 

in the southem part of the 
the actively migrating shore occurs mainly 

but also to $ome degree along Quinby 
O v e ~ a s h  Flat and Dune Ridge Region, 

in the 
Inlet, Shoreline changes and truncation have also resulted 

U 

Of the intermittent pond (Figure 14). 
Overwash c ~ O S ~ ~ ~  

creating a fan an 

threshold at the south e nd of the intennittent 





avt  rwash 
&* fwC' 

h c r l ~  mi gratin 
fbC 

stdiments ha 
grrid 

extends 
ridge 

and overwash ridges 

flat. To the north, dune 

g inlet (approximately 1-0 

.Ye migrated to the bays 

€0 Machipongo Station. 

areas, characteristics of tl 

~tsh areas. The primary features of this region are 
O V G ~  high relief {up to 

5.0 steep beach slope (5 to 7 degrees), high accretion rates (up to 

13 mlycar), a coarser beach (2.05 phi to 2.34 phi) and dune (2.09 to 2.21 phi) 

size, small beach width (20 m to 75 m), large sand width (75 m to pl~m f! 

950 m), and large marsh width (150 to 1,430 m). 

Three subregions, distinguished by their active features and more 

evolution, are recognized in this part of the island. Transect I 1  and 

Trmect 12 are located along a small spit complex associated with flood tides; 

Trmsect 10 and Transect 9 are in the large averwash flat area; Transect 8 i s  

L~catcd where dune ridge truncation has been dominant and overwash is less 

C O ~ ~ O I ~ ,  The area in the vicinity, and to the south, of Trimsect 8 grades into 

Transitional Region with more closely spaced dune 
ridges and a smaller 

Percentage of overwash. 

Trans~tional Region 

The Transitional 

Ovcmah Flat and Dune 

d u e  ridges con 

Region 

Ridge R 

erge in 

has  ch 

egion and 

the Trans 

aracteri sties sirnil ar 
to both the 

Dune ~ e g i o n ~  Seven the Continuous 

and are truncated by 
itional Region 



l t l  dune ridge, 
Very little t 

Over 

above MHW, 
One exists on the 

40 

'Wash 
jg Pttsen~. 

10 m 75 

* i s  &ere area 

marsh-side of e 

1.5 m height 

the and thickets a few isolated spots. gecaure of he 
rrrrad 

3 tendency to erode and truncate older dune ridges some dead and - 7 

@&g mflc m e  been exposed on the beach in situ (Figure 18). 

~ ~ ~ s i t i o n a l  Region, located about two thirds the distance between 

M ~ h i p ~ n g o  hlet and Quinby Inlet, has undergone both accretionary 

d n n l  stages over the last 150 years. The rotational pivot point (where 

a t  change in shoreline updrift [north] is opposite that of downdrift 

[ d l }  & lmated in this area of the island. Most recently. the northern part 

pf iha hiand has been accretionary, and the southern pari has been erosional, 

mentioned the shoreline has along the 

h U  1985. The net change of the shoreline position (erosional) over 

*.-.m 120 years has been from approximately -4.0 m/year to 
4 . 0  mlyear in 

w-d Region AS a b e  oldest portions of the island (cdg** 
the 

1 
% .  . . 

: .  . 

:. . T .  ... ! . . . 
. . marsh-side) have n 

. .'.k .,*....;;{ .. 

7 is located 

. Region and 

ot been 

ridgeh 

in this 

the other 

destroy ed9 and the 

This region exhibits 

region- The primary 

I regions is the lack 



width ( 

north 

dunes 

re coarse. 
The maximum aliilude 

to the nonh 
and lower duncs 1, 

illuouC 
Dune Region 

t 
her dune ridge is  adjacent to the marsh; the lower dune ridge adjacent 

9 

N) the 
=*ive beach, is itself active- The lower dune ridge is the same shore 

r m  

@ d u e  &at is located in the Transltlonal Region; it  grades in relief from 

2.Om in the (compared with 4.0 m in the Transitional Region) lo 

than 1.0 in the south where the Overwash Fan and Terrace Region 

The small terrace separating the two dune ridges was active in h e  

1962 Ash Wednesday storm but, based on aerial photographs, vegetation, and 

tnnching, it does not appear to have been active since. This terrace decreases 

in width northward where the younger, seaward, dune ridge converges and 

m c u e s  the older, marsh-side, ridge in the ~rans i t ional  Region. 

Vegetation cover ranges from sparsely to thickly grassed 
and 

spp.). Myrtle is on1 y Imm bushes (Baccharis spp.) to scattered myfile ( M ~ r i c a  

on the marsh side of h e  islandI 
gbk Lo grow in the protection of a large dune 

and ~ i s t i c h i l i s  
Ia wition* a high marsh system, dominated by %'Joflina 

m 

directly behind the 
Dense grasses cover 

the 

OCcmw terrace. 



to aerial photographs According * C ~ n t i n ~ ~ ~ ~  
Dune 

within few tens of metcrs of 
dcd to 

Its  present posi\iorr by the 
C 

1940's* 
this region reached soulh to B 

roadwater T 
la 

Qwer ,  

1949 and 1955 was breached b Y overwash wh 
bctw@n 

ich now 

4ust south of Bowen's Cabin. 
ridges '962 ~ s h  W e  

&me 
the breach noflhward with the addition of several 

decreasing the extent of the Continuous Dune Region 
t h B n ~ e l ~ '  

= L 

R c g i a n  was 

y 1 94OhY b .  

but sornctjmc 

Penelrates lhc 

dnesday st,,, 

wash fans and 

and extending 

this area of the island. rep resents This area has the smallest mean 
trmse~t 

on the island for the beach sediments (2.48 phi), a small beach grain-~ize 

a thin sand width (300 m), and l i t t le  to no currently active 
width (25 m)* 

The Continuous Dune Region is the narrowest part of the island, and 
o u e ~ m h +  

the 3,0 m high dunes, overwash only penetrates the f irst  dune br:ause of 

stolmi events {such as the 1962 northeaster). This region has a 
during extreme 

foredune, an elevated terrace (which 
has  been 

relatively low,  narrow, 
and a large marsh side dune with 

modified by overwash in the last 30 years). 
rnarsh-side dune is fairly 

the high marsh adjacent to it. 
The higher, 

The marsh itself is growing on 

consistent in height and has several blow outs. 
entirely of Sparrina 

patens 

a thick organic mat (0.64 m) which is composed 
part of 

0.50 mm 
At the extreme 

mot material with some sand below 
part of the 

the Continuous Dune Region, overwash from the I 

oxgan1c mat. 
thins northward over the 

Overwash Fan and Terrace Region 



Fan and Terrace Region 

Extensive overwash f a n s  dominate 
O ~ c r  wash Fa 

fans are fed  from lh, n These and Terrace 
pcgionm b c l  low d 

Overwash channels. In this U""s th rough  
dsramosing region 

8fl major 
are defined by truncated d une ridges lo ihc "'cas o f  

OIICI~ash nonh 
and soulh b 

marsh the west+ and the beach threshold 
th 

Y the 

bay east. These two 
sh fan and terrace areas vary in sixc from 600 

o v ~ f w a  lo 1,500 
the 

front (where the overwash channels penetrate lh 
beach dunes) and from 

to 1,600 along the bay and marsh ( 
750 where the f 

laterallv 

intcmingling with other channels, 

in some of these channels by the existence of small 
channel 1 

scarps. In addition. some of the channels intersect the  ground water parailelt 

table where s tom surge scoured the channel to that depth. 

In contrast to the extensive ovetwash channels. small terraces and 

dunes mark the boundaries bet ween channels. The dunes in the areas of 

major overwash range from 0.5 m to 2.0 m in relief, and consis[ of a lower. 

discontinuous foredune area and a higher, discontinuous dune ridge which is 

separated from the marsh and bay by the coalesced overwash fans. 
A large 

overwash regions with dunes of up to continuous dune ridge separates the two 

line; this ridge was most recently overwashed 
2.5 m above the high water 

during the 1962 northeaster. 
in the overwash 

Prior to the dominance of overwash fans and terraces 

r e  was 
Fm and Terrace Region in the 1 9 4 0 ' ~ ~  the shoreline 

. . 
. . . . . . .  . 

.::I- ? . .  . 



of up to 1 2 m  in height (B 
adgcr and K 4 4  duwCS cttarn I 

I 

t ion of the island in the late 1800is '"1 d ~ n i i ~ ~ ~ ~ ~  ih 
sou&em and 19001 c 

extended into the . S +  
formerly ThL - 

Ocean nearly 3 I S  " j ~ t h ~ ~  
S t ~ ~ j ~ f l  

m *  i h c  
Broadwater Was 

located with over 350 inhabitants. t own  O f  
Uring lhc I 

the area mound and to th "c 18[jry 
l$?Oo'sW 5 and early ' east of %roadwalcr T 

forest with large pines and 1- O W e r  supponl:d a 

dtose rnari time oak ( B  
"dcr and K cllarn I 1989) 

in the 1930's eroded th - re, of A s ~ P  ''land gre'"~$ lo ic ing  m o r ~  ,-- i h c  

inhabitants to move themselves and th eir houses ti, the lown 
W .  lliis wharf 

Between 1949 and 1989, the average erosion rate of t h -  
l s  enlire region i s  hLrj 

d~ ear, however, since 19857 the shore has prograded over 30 
m ( J immy Kelly I 1 

pltsonol communicofion). At Present, only a mixture of sparse grass ,  dense 

grass, and small bushes (Bacchar is  spp.)  can grow in the two major overwash 

regions. A few pines and a more extensive array of bushes inhab i t  the  d u n e  

ridge area surrounding Broadw ater Tower which separates the iwo overwash 

mas described above. SaIicornea spp. and Spartina olrernafIoru cover some o f  

he less active overwash flats, and Spartinu patens inhabits some of the dunes  

and overwash channels. 

adjacent t o  and  
A5 mentioned previously, an elongated spit 

the  platform Ofl  

of the older portions of the barrier. thereby creat ing 
I 

I ction has  formedm 

whLch the southern  art of the Over wash Fan and 
Terrace Rec 

I 
L 

Carl? 
fi to ~ r a a d w a t e r  Tower ' Dune Region did extend 

ridge.5 to t he  
19501 enetrated the oldest 

" however, overwash eventually P 'I 

e x p d d d  10 

nW and Terrace 
Re L- gi0n 

of the tower and as t h e  overwash Fan jpisible 3 t 
dune ridges are 

&Or& - inlet Seven to nine shore and 



Tower in 

when the 

the south 

spit south 

the 1949 aerial ph 
'''graphs (Figure I 

Storm 'urge associated 
with the 

d within five years of its creation. 
close 

differences between each of the transect areas due l o  the fact that the t w o  

llorberl~ transects (4 and 5 )  cross the island at a point which, until the 19jOtr I 

have been considered a part of the Continuous Dune Region. Thc 

southern transect (3) bears some resemblance to the Spit  Complex Region, but  

due to the 1962 inlet, many similarities have been removed. The differences  

between these three subregions are primarily due  to the i r  evolniionary 

history. 

Spit Complex Region 

Five imbricate dune ridges of 

O v c ~ a s h  filled runnels and overwash 

E of the five ridges ranges from 

I varied ages (Figure 
1 

flats, dam inate 
the Spit 

25 in width, and from 1.0 rn to 2.0 

b 
to almost directly east 

t rend  from nonh 

shore which has 



As in the  other physiographic regions. 
va r i a t i ons  j n  

"pograph'$ and  
d 

differences i n  ages of the  dunc  
[be ridges c rca le s  

difTcrcnl  

dense grass if found on older, isolated dune ridges, 

dune$ on active overwash flats have littie vegetation. Southern areas hsve  

collected large amounts of rack, which provides a better habitat  for vegctai ion 

growth. Historical aerial photographs document that  as the dune ridges are 

isolated by southward and slightly eastward progradation of rtle shnrcl h e .  the  

dunes are stabilized by grasses. 

Since the 1940ts, the Spit Complex Region has been migrat ing southward 

A S  g a t e d  earlier. the 
under the influence of the dominant longshare current. 

bars welded the beach 
Broadwater Tower* In the locations where offshore 

the inost dominsnl duns 

and around the southern end of the island* 
c ~ ~ . [ a f i ~ n *  and 

I of rack cO~oniza t ion  by uc, 
ridges were formed. The c o l k c t i ~ n  

conlri  butcd to 

and runnel  
Subsequent dune formation on this arcu ate ridge 



1 and 2 represent  he i n l  
TranseCts 



~ ~ ~ 1 1 - s c a l e  gradients i n  is'and morphology within any of  the 

P @graphic regions tend to occur in active areas, whereas largemscale 

g 
radients in island m o ~ h o l o g y  are generally retained in stable po*ions of 

the island. Long-, moderate-,  and short-term trends in the morphologic 

o f  Hog Island have been analyzed according to variables and 

landforms which may be influenced over similar  time spans. i s land 

morphology can b e  described and dis t inguished  using three different 

temporal scales: centennial to decennial (decades to centuries), decennial to 

annual (years to decades), and annual to diurnal (days to years). 

Ttansect variables and the morphology of landforms described as 

centennial to decennial were selected to represent characteristics of the island 

which varied greatly over a period of decades to a century. These variables 

were identified through the use o f  charts,  oblique photographs, and  

stereoscopic analysis of aerial photographs, and observed to vary within 

longer lime spans. Larger, stable dune ridges and regions with similar. stable 

landform trends, help in  di stinguishing long-term morphologic trends= 

Decennial to annual variables and landforms were 
selected because 

overwash, active beach width, and trend of the  island are related 10 larger 

scale stormi1 events which occur over years or decades (Dolan and Hayden, 1980; 

D o h ,  et  uLW 1988)- in aerial photographs which have been 
Landforms visible 

active wirhin the last few decades ( e . g  1962 northeaster), are generalb used 

help distinguish trends and re1 at  ionships.  



, n f s r r r r r ~ ~ ~ f ~ n  rsgarding trrcfgy g r a d ~ ~ n t b  &Irkfig an &land (Jones and Cmcrmn.  



50 

~ ~ i n s i u s ,  19741, 1977; of sediment samples on H~~ Island 

no variation the mean grain size (calculated from hydrau l i c  show 

$ett ling with a density o f  2.65 grnlcm3) for s e v ~ n  d i f f e r en t  

(Table 3 and Table 4). There is, however, a significant 

between the skewness dune sediments other 

samP Ied and between the sorting and kurtosis the Relic and all 

environments sampled but the beach. The dune sediments a re  more 

positively skewed; the rcIic overwash is more negatively sorted and more  

platy kurlic. Hog Island is homogeneous in mean grain size. and givcn that 

there are strong energy gradients acting on different portions of the island 

( ~ ~ l d s m i t h ,  er 01.. 1975; this report), the sediments are possibly derived from a 

shoreface exposure of a f i ne  grained, Pleistocene barrier island comptex 

Neck Sand described (regressive 

the island has formed Decennial Over percent 

been modified since the island's rotation changed in the late 1800's (Figure 11). 

Analysis of historical charts and aerial photographs allows documentation of 

s imi la r  landforms and physiographic regions along the island over t h e  

centennial  to decennial t ime spans. analyzing three of the eleven 

variables described in Table 2, ,,ximum altitude. marsh width* 
and sand width, 

and b y  identifying through historical aerial photographs 
the distribution of 

larger,  stable dunes and dune trends, large scale 
variations in the island may 

be  determined. These infrequently disturbed landforms along t he  island 

include the long,  linear, sand dunes. interdune 
swales, overwash terraces, and 

prograding spit ridges which are  g e n e r a l l ~  in  t h e  stabIe portions of the 

iskand. The i s land can be subdivided i n to  
four areas based on 
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-P# M e a n  Sort ing  
Grajnsize S b w n c s s  Kurtosis 

F F 
F 

I - 
Dune F F 

~ c d  v s w  F R 
~ ~ a c h  vs. Overwash F F 

F 
F 

Relic Overwash F 
 each vs* F F F c 
$each vs. Runnel 

~ c w h  vs. Threshold 

Bern vs. Dune 

Berm vs. Overwash 
Berm vs. Relic Overwash 

Berm vs. Runnel F F F F 
Berm vs. Threshold F F F F 
Dune vs. Overwash F F R F 

Dune vs. Relic Overwash F R F R 

Dune vs. Runnel F F R 

Dune vs. Threshold 

Overwash vs. Relic 
Overwash 
Overwash vs. Runnel 

Overwash vs. Threshold 

Relic Overwash vs. Runnel 

Threshold 
Runnel vs. Threshold 

Table 4. Results of t-tests comparing the mean values - - of grainsize. fl 

sorting, skewness, and kurtosis for combinations 01 

environments. A boldface ' (R) indicates a significant 
difference between environments. "FM indicates a Failure to 

Reject Ho. 



these V a r i a b i ~ ~  and landforms (Figure 19). 
Each four arcas arc related 

directly with the position of the 
i s l a n d  in  'elation LO ihc ebb delta and 

been modified or changed since 1949. 
lo frequent storms along the cast 

coast and the shoreline changes tha t  these storms subsequently cause 
the 9 

o f  shoreline trend, percent overwash p and act ive  width exhibi t  

significant variability o v e r  decennial to annual time spans (DoIan and 

Hayden, 1980; Dolan e t  al., 1988). As stated before, landforms modified ovcr  

these time periods are generally located close to the shore and o n l y  modif ied 

during large-scale storms (e.g. 1962 Ash Wednesday s tom) .  These landforms 

are generally covered with vegetation and tend to be low dunes and younger  

overwash terraces. T h r o u g h  analysis of the  three variables and the 

landforms, five areas can be subdivided along the island (Figure 19). 

areas are similar, with some changes in  boundary location, to lhe f i v e  

dominant physiographic regions in Figure 16, and represent the t r end  i n  

evolution of the  island with relation 10 the ebb dells position since the 1930'5m 

Annual Diurnal: ~ ~ ~ r o x i m 3 t e l y  
2.5 percent of  the i s l and  is 

t he  avcrage Year- These variations i n  thc  
inf luenced and modified during 

represent s m 3 1 1 - ~ ~ a I ~ ,  locat changes  i n  island landforms f rom year to year  
The f ive  variables  described i n  

shoreline position and be achface act ivizat ionb 

beach width, beach slope+ mean beach grain Table 2 shoreline rate of change. 

daily I to yeaf ly?  depending upon 
s i z c ,  and mean dune grain size, influenced 

Smal  1 -sc-ie landforms, tvp ic s l l y  associated 
cnCrgiza t ion  by winds or storms. 

d 

o ~ e r w 3 ~ h  arcas, are also used to distin&uish 
w i ~ h  the active beach and 



From analysis of the f ive  variables and the small-scale landforms 
5 

island is subdivided into six areas (Figure 19). Each of these areas represents a 

place along the island's active (or easily activated) zone which has distinct 

m o r p h ~ l ~ g i c  and physical characteristics as a result of the recent variations 

in processes and variability in antecedent topography along the coasl. 









from h e  southeast (Goldsn i th ,  er a [ ,  1975,. As r h c  T~c.av=s refracl ~ ~ ~ 5 5  t- p-l 

&eir Iwation relative :o :he ebb deltas fDa~;is. er a ,  1472: Haves. d 1979). 

Ifhe Overwash Flat afid Dune Ridge Region is i t r o n g ! ~  I i~f lueaced bu a the 

refraction o f  wave5 around and across  t h e  ebb d e l t a  o f  Q u i n b v  Inler. 

nonhcasr refract  around the ebb delta. Presentlv, s tnm waves  f rom thL 
which 

4 

causes a divergence o f  l i ~ z o r a l  currents  and  a reduction in  wave tnerg.; rn 

reaching the beach. Sed iment  i s  camed across rhe  ebb deila to the south by 

the dominant  lungshore sediment that  is  not  carried sourh is transpofled 

reversed ! r>ngsh~re currents (Figure 31. 
Wave energy to 

to the nor th  u n d e r  

the n o n h  of the divergence zone will be slightly higher 
during s t o m  events 

at high tides. AL low tide, line of breakers forms along the ebb delta shoals: at 

~ a u s c s  a local elevation of  the water, which submerges ihe large open sand 

flat.; and deposits overwk5h on onhe north end o f  the island. Offshore bars weid . 1 

in the Overwash Fan and Pun+ Ridge Region during calm t h e  shore 

sttbaeri a1 shore-parallel ridges and r ~ n n e 1 ~ -  Typically, rbe ridges 
and fc~ rm 

and collect deposi IS of rack, cr~at ing  an environment 
favorable for 

bui ld  up 





The more nofiheriy orientation of th  ' sh'relinc exposes the Overwar,,  
L 

7 
during the 1962 northeaster the ~ ~ ~ ~ ~ O I T I I S  are r c ] a ~ i ~ ~ l ~  s , sb l c  ~h~ h i F h  

dune ridges in th i s  region deter overwash.  TO the  north,  whcre chc 

dunes have  been breached + t h e  l and fo rms  are adjusting t o  

increased overwash. The abrupt c h a n g e  in landform typcs bcrwccn thc 

Overwash Fan and Terrace Region and  the Spit Complex Rcgion may bc 

topographically controlled, rather than a ptoduc t of processes. The higher 

dune ridges formed on the spit during the middIe part of this century have 

created a topographic barrier to overwash; however. the Spit Complex Region 

may be  partially protected by the  ebb delta of Great Machipongo Inle t  to the 

south. Overwash occurs in t he  Spit Complex Region due to the low elevations 

wilhin interdune areas. 



ist and: either counter-clockwise or c ]nckwise  rotation 
h The present 

3 

i and direction of shorclinc m o v e m e n t  is ihe  opposite of that of 

l a t e  1800's. The well developed ebb deltas W C r e  prevalent then (Goldsmith 
the 

et a[., 1975) and t h e  Iargc sediment mass associated w i ~ h  them was situated 

s~ight iy farther north than in  1934 or 1972 (Figure 4). 

Comparison o f  dominant  ebb 

channel position (Figure 4)+  island area (Figure 15), storm track and 
I 

c frequency (Figure 5 ) ,  and number of storms occurring along the coast of 

I Virginia (Figure 6) reveals a close relationship of storm track and frequencv d 

to the morphology of the island and ebb channel position. During the late 

1 8 0 0 ' ~ ~  a low frequency of inland storms and the prevai l ing  Atlantic h igh  

pressure, created a dominant ,  accretionary, southeast wave climate. 
Major  

northeasters passing to the  west of the  island would also tend to generate a 
r *  

southerlv wave climate. more storms began to occur marltlme areas 

early 1900's (Figure 51, the  w a v e  climate became  more d u r i n g  t he  

northeasterly and erosional, peaking around 1960 (Figure 6). 

The varialion in storm t rack and frequency 
scvcrel m ~ v h o l o g i c  

During accretionary periods 
changes recognizable i n  the historic record. 

(dominant  southcast wave climate) sediment is 
welded to the shore from the 

The large scdimcnl mass 
~ ~ u t h e a s t :  a net northerly l i t toral  t r anspo r t .  

inlet sewed as a source of sediment for the 
associated with Great Machipongo 

from 1852 to 1871. 
Sediment, 

south end of the island. which accreted 

caused a northward shi f t  in the moving northward along [he barrier cha in ,  





+ I 

(Figure 13). The actual posltlon of the  island has not changed much since [he 
4 

scveraI changes in island rotalion can be correlated with t h e  storm track and 

f r~quency~ A peak in storm track and frequency would have  occurred in 

approximately 1840, 1720, and 1600 (tach of these dates assumes t h a t  the 

variation in  climate occurs with a constant period and i h a t  storm frequency 

and s t o m  track occur contemporaneously). This peak corresponds with the 

maximum progression in clockwise rotation of the is land,  af ter  which  the 

island would rotate counter-clockwise. 

The independent geomorphic analysis (Figure 13) closely corresponds 

with ~ h e s e  predicted dates. In the early 1600rs, the island had reached a 

maximum peak, and i n  about 1650 was reaching the maximum in counter-  

clockwise rotation (one half of the variation). From the mid-1 600ts. the island 

rotated in a clockwise direction and  peaked in the  ear ly  1700's. aga in  

coincident with the predicted peak (1720) in storm frequencv d 

and trackm s o  

geomorphic + evidence was found to be preserved on t h e  is land w h i c h  is  

representative of the late 1700'5 l ow  (max imum c o u n t c r - c l o c k w i ~ e  rotat ion)  

nor of the predicted 1840 maximum. The 1857 i s l and  position indicates a 

counier-cl Wkwise rotation (initiated a clockwise maximum)  
which  has  

progressed such that the predicted 1840 maximum must  have  C I C C U ~ ~ ~ ~  ear l ier  

in h e  18001s+ 



VIRGINIA B A R R I E R  ISLANDS 

wide northern e n d s  (formerly narrower) wi th  a prograding 

pivot region, a region of extensive fan overwash, and a southward 

&rating spit. These islands are being influenced by the same ebb delta 

location (Rice and Leatherman, 1972), relative to the respective inlets, and 

wave energies (Goldsmith, et a[., 1975) at similar positions along each of the 

islands. From 1871 to 1910, the entire hook of Fishing Point was formed at the 

south end of Assateague Island (refer to Figure 1 ) .  At least three previous 

phases of hook (spit) formation are recognized at the south end of Assateague 

island (Goettle, 1978), and probably correlate with the major changes in the 

rotation to Hog Island. Also during that  time, both Cobb and Parramore Island 

switched from counter-clockwise to clockwise rotation. 

The fact that changes along the  entire chain of the Virginia barriers 

are contemporaneous suggests that a regional influence is responsible for 

and the other Virginia barriers. Sediment 
both the  changes on Hog Island 

flux from the north in littoral currents does not explain these changes 

because they occurred aver tens of years from Assareague Island in the no*h 

The documented variations in stom frequency I 0  Myrtie island in the south. 

the cause of the rapid changes and and track (Figures 5 and 6 )  may be 

[s[and Chain+ and the known pulses modifications along the Virginia Barr ier  

related to the change in 
of spit growth of south Assateague ~ s l a n d  may also 

storm climate. 



150 Y e  ars o ld ,  w h c r ~ s  the remaining pcrcer , l .  
[ban .I h A X  d r, c . q  k r  q . 4 f ~  

a f l i f a ~ t ~ ,  m a y  b e  3 0 0  ycars  o l d q  
Since lklc c h a n g e s  j, it,, ( j i  r c f a j i T j r ,  

5h~reljnc movcment o n  1slarld c i c ~ u r r c d  jn t h e  ] a t c  1 
rc r  u 1  4 2 h 1n ;I 

of the shorelioc erosion r a t c ~  of thc i i l and ,  m u r l  +.hc c t j a r t . r  .d .. praincrj - 

scbiments h a v e  bccn rcworkcd a n d  sturcd in dunes a n d  overlaa!,h ~ c o r j > ~ l x  

sediment analyses a n d  comparjson of mcan  grainsize indicalcs a h r l m o  r J ~  n s o 11 5 
k 

source of sedirncnts fr)r Hog Is land.  

Hog Island can be  divided into 5 m a j o r  p h y s i o g r a p h i ~  rcgiuns.  Frrjrn 

north to south, they are: 1) O v c r w a s h  F la t  and Dune  Ridgc  Reg ion ,  3 -) 

Transitional Region, 31 Continuous Dune Region,  4) Cjverwash Fan and Terrace 

Region, and 5 )  Spit Complex Region. These regions m a y  he lumped  togethcr o r  

subdivided f u r t h e r ,  depending u p o n  t h c  t ime  scale of d i s t u r b a n c e  a n a l v z c d .  d 

Identification of  v a r j a b l ~ s  and landforms which  tend to va ry  avcr  periods of 
m' 

centuries r dccades (centennial to decennial) ,  the i s l a n d  m a y  be d i v i d e d  into 

four  areas. This  subdiv i s ion  is can~rol lcd  by variation in large-scale processes 

modif ied by d ebb d e l ~ a  locatinn.  They represent changes which h a v e  occurre* 

the island since t h e  jasr change  in rotalion in  (he late 1800's. 

A n a l y z i n g  var iab les  and landforms which over periods o f  decades 

years, i hc  island m a y  be d iv ided  into f i ve  regions which closely correspond 

to the f i v e  phys iograph ic  regions .  These r c f i o n ~ ~ p r e ~ e f i t  i n  lhe 

is land a t ~ r i b u t a b l ~  lo l a r ~ c  9 i n f rcquen  t storms and demonsr ra te  the  ge*cial 

r c ~ a l i ~ ~ n i h i p  ICI sI igh1 variatiofis i n  loca l  ebb delta position- Yearly 10 daily 



and landforms were analyzed,  and hacd  on the  r c s u l t i n s  
1 - ,aging L. 

the island can he subdivided illto six areas - These areas arc a result of  @ids, 

Longer term variations i n  island n l o r p h o l ~ ~ y  + are a result  of changes of 

ro tati on i n  the island. Prior to 1 87 1 ? Hog island rotated coun ter-clockw isc 
3 

shoreline erosion along the north and shoreline accretion ro t h ~  south. 

s tratigraphic evidence suggests that a remnant  recressive - Pleistocene ridge is 

causing the landward motion of the harrier to stall, ~ h u s  the geomorpllic 

history of the island has not been obliterated by typical harrier island 

transgression. The estimate of 250 to 320 years for the  atle of the f r i n ~ i n g  b C- 

high marsh roughly approximates the 264 years calculated f rom ove rwash  

data (Fitch, 1991). These estimates, with the stratigraphic evidence, 

island, which has been pivoting 
back and 

indicate a stalled drums t ick barrier 

hundred yearsw Four periods of 
forth in  the same location for several 

northerly offsets (maximum clockwise rotation) have 
b e c ~ l  documented from 

- 

early 1700'5, 3)  early 1) around 16005 C 

Y 

geomorphic evidence on Hog ~sland: 
change i n  rotation on 

to mid-1800's. and 4) mid- to late 19OO1s= 
~ h ,  most rec.ent 

1 

Hog Island 

supports a 

Independent 

track a1 o n 

approximate 

year cycle 

ratation of 

the v i rg inia  harriers an rl 
(a round  187 1) occurred 

ahnut. throu, 

v ari ati i n  
regional, rather than local, 

a cycle or cl imatic  data exhibit 

islands (-JCCUTTI g the Virginia  barri er 

i n  the 1960's- l y  120 years, peaking 
BY 

to the g e ~ m n r ~ h i c  data, and comparison 

about F 
9 

the island occurs in 
1840 1720 and 

W wi th  

of the 120 

the maximum ~ 1 0 ~ k h v i s e  

1600. ~ ~ t r a p o l a t i b n  into 
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