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ABSTRACT

Recent shoreline changes along the Virginia barrier islands indicate

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

Island, Virginia, has been rotating in a clockwise direction for the last 122

ycars; the shoreline has transgressed over 2.5 km along its southern shoreline

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

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

(13 m/year) to the south and high accretion rates (13 m/year) to the north
nave 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 aerial photography, juxtaposition of
landforms, and the physical characteristics of the island along transects. On
the modern landscape, five physiographic regions have been identified:
1) Overwash Flat and Dune Ridge; 2) Transitional; 3) Continuous Dune;
4) Overwash Fan and Terrace; and 5) Spit Complex. Sediment samples were
collected from seven landform types (beach, berm, dune, overwash, relic
overwash, runnel, and threshold) in each region and found to be
homogeneous in mean grain size. By comparing the older landform
morphologies and island configurations 10 the more recent isiand
characteristics, it has been found that Hog Island has acted as a drumstick
barrier throughout the history of visible landforms. It has also been found

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

1600's; 2) middle 1700's; and 3)the most recent, around 1871,
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Study of historical chart data reveals that the entire Virginia barrier
chain has undergonc major morphological change around 1871: Fishing
Point was created as an extcnsion of Assateague Island and Parramore and
Cobb Islands switched from counter-clockwise 10 clockwise rotation.

Comparison of these islands to Hog Island implies that there has been a change
i a regional scale coastal agent.

The storm climate on the Eastern Shore of Virginia changed gradually
from a few, continental track, storms in the late 1800's 10 frequent, offshore
storms, in the the mid-1900's, peaking in the early 1960's. These climatological
variations may be affecting the mid-Atlantic coast at intervals of 100 10 120
years (pecak to peak). These climatoiogical data coincide with a change along
the Virginia barrier islands in the late 1800's, a decrease in the area of Hog

Island from 1871 to the 1960's, and a shift in the ebb delta position and channel

southward from the late 180Q's to the 1970's. By projecting the 60 year climate

variation to a 120 year cycle of peak to peak (a contemporancous maximum

clockwise rotation of Hog Island), the geomorphic data are independently

fitted into a climate dominated system. Maximum clockwise rotation (with

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

1900’s, early to mid 1800's, carly 1700's, and around 1600.
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INTRODUCTION

The thirteen barrier islands located along the secaward margin of the

Virginia coast are Holocene in age (Figure 1).  Shon- and long-term variations

in marine processes have caused these islands to undergo rapid morphologic

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

evolution of these islands and their morphology by creating, altering, and
destroying barrier i1sland landforms through the redistribution of sediments.
These processes vary on daily, monthly, seasonal, and secular time scales.

Although the Virginia barnier islands retain some evidence of their Holocene
history, significant changes in shoreline position and island morphology
have occurred 1n 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 wusing aeral
photographs, shoreline charts, landform relationships, and field studies.
Study of the juxtaposition of distinct landforms, the evolution of landforms,
and the physical characteristics of the 1island, are the bases of a conceptual
model of the Late Holocene history of Hog Island. More specifically, this study:
1) idcntifif;s the different landform patterns on Hog Island and describes the
physical characteristics of each; 2) documents and describes the evolution of

Hog Island; 3) relates differences in shoreline change along the island's
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Figure 1. The Virginia barrier chain is located along the eastern
margin of the southern Delmarva peninsula and 15

comprised of 13 major islands.
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reach to the landforms and the evolution of the island; 4) develops a model of

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

parrier islands along Virginia's coastal margin.

A detailed geomorphologic study of Hog Island hag not been conducted

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

Science Foundation grant provided the support to establish a Long Term

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

Department of Environmental Sciences has been conducting meteorologic,

ecologic, and geologic study of the central Virginia barriers as a part of this

program,

Hog Island was chosen for my study because: 1) access and logistical
and financial support were provided by the National Science Foundation; 2) it
is similar t0 many drumstick barriers throughout the world which have been
studied 1n detail, and 3) the island provides a study site in an area which has
not been changed signifilc:a.mljfr by human activities,

Moreover, an aerial photographic record of the island is available from
1942 to the present. This, along with historic shoreline charts of the island
from 1852, documents the island's rapidly changing shoreline (up 10
13 m/year erosion and 13 m/year accretion along the island since 1949). In

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

its orientation, general morphology, and overall configuration.




GEOMORPHOLOGY

Sediment deposition, erosion, and Storage in the coastal zone by large

scale Pprocesses contributes to regional-scale shoreline configurations

(roughly 10-200 km). In contrast, local variations in island morphology (0.5-
10 km) are governed by shorter-term variations in the waves, tides, storm
surges and washovers, and vegetative colonization. These regional and local
variations create island morphology and give rise to landform distributions.

Classification  Systems: The dynamic agents involved in coastal
change create a static morphology, albeit long- or short-lived. Researchers
have analyzed coasts according to the dynamics of shorelines (Goldsmith, et al.,
1975; Rice and Leatherman,1982), resultant static morphologies (Fisher, 1967),
and a combination of dynamic and static variables (Kochel, er al., 1985).

Fisher (1967) used large-scale morphologic patterns to divide the
Delmarva Peninsula barrier islands into four groups (Figure 2), whereas
Kochel et al. (1985) concluded from analysis of 15 variables (dynamic and
static) that three groups of islands exist along this stretch of coast (Figure 2).

Both investigations agree that the Barrier Island Chain (Fisher, 1967) 15 a

region of short, discontinuous (Kochel et al., 1985) barrier islands separated by
many inlets; however, there is disagreement on the characteristics of regions

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

0 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 similar variables onto varied stratigraphic and

record may institute substantial

paleotopographic remnants in the geologic
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Figure 2. The mid-Atlantic coast has been divided into compartments based

on coastal morphology (Fisher, 1967), on shoreline erﬂsim} 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, 1985).




differences in regional morphology. Halsey (1978, 1979) refers to

p,jcnmpﬂgﬂphi‘: influences as a cause for regional scale influences on the

Virginia bamers (se¢e section on Evolution of Hog 1Island).

Kochel, et al., (1985) subdivided the Virginia portion of the Delmarva
Peninsula barrier islands into a northem section and a southem section. The
porthern section extends from just south of Cape Henlopen, Delaware, to
Fishing Point, Virginia, and is part of the long, conatinucus barrier (Kochel, ¢1¢
al., 1985). The southem section of shor:, discontinuous barriers., extends from
Fishing Point to Fishermans Island (Kochel er al., 1985). Hog Island, Virginia,
is located in the Barrier Island Chain as classified by Fisher (1967) and the
short, discontinuous bamer of Kochel, er al. (1985). Rice and Leatherman

(1982) divide the southermn section of short, discontinuous barriers into a

northern group characterized by Parallel Beach Rerreat, a middle group
characterized by Rorational Instabiliry, and a southern group characterized by
Non-Parallel Beach Remreat (Figure 2), reflecting regional-scale variations in
the physical environment (e.g. wave climate, tides, sediment supply). The
three barrier islands contained within the middle group (Cobb, Hog, and
Parramore) have been “rotating” in a clockwise direction since the late 1800,
have exhibited reversal in offsets of the inlets (Rice and Leatherman, 1982),
and display one of the most dynamic coastlines along the Atlaniic scaboard

(Dolan, er al., 1979; Dolan, et al., 1988).

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

(sediment translation landward or island transgression), and net shoreline

] ' ' ' iment
accretion (regression) at the opposite end. During rotation, sedim
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accreting to the regressive section of an island g stored in landforms, creating
‘he geomorphic features which document a2 portion of the islands history,

Sediment Redistribution: Coastal processes alter shoreline positions
by redistributing sediment from a source to ejther short- or long-term storage
and finally to a sediment sink (Field and Duane, 1976). The sediment sink may
ejither be temporary, 1o be later reworked into the same lransgression as it was
deposited (e.g. a back-barrier sequence overridden by the island
ransgression), or the sediment sink may be stranded during a eustatic
regression and abandoned as a terrace deposit on the Coastal Plain,

Washover deposits, dune ridges, spits, and welded bars are landforms
which store sediment and outline former shoreline positions (Halsey, 1978).
Halsey (1979) has stated that the differences between the long, continuous
barrier, extending from Cape Henlopen to Fishing Point and the short,
discontinuous barriers south to Cape Charles (Figure 2) are due to sediment

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

to the erosion of the Delaware headiands, inlets between the short,

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

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

Short, discontinuous barrier island systems along the mid-Atiantic coast of
North America, Alaska, the Netherlands, and the German Bight (Hayes, 1979),
indicate that the difference between long, continuous and short, discontinuous

barriers can be better explained by the ratio of tide dominance 1o wave

dominance.

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

of low to moderate wave energy are associated with the formation of drumstick

i |
FL
coLB e



parriers (Hayes, 1373). This drumstick morphology is recognizable in the

ramrmnﬂf instability section of Virginia's short, discontinuous barriers.
According 10 Hayes (1979), the Virginia barriers consist of low mesotidal, shorn
(3 to 20 km n lIength) drumstick barriers, with numerous tidal inlets. Tidal

range and wave climate jointly results in the formation of large ebb dominated

deitas with strong wave refraction effects,

Tidal Inlets: The tidal inlets of the Virginia barriers are ebb

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

harriers. The 1mportance of ebb deltas and inlets in barrier island

morphology and evolution is that the longshore currents, wave climate, and
sediment flux in the littoral drift are greatly influenced by the ebb delta and
ebb jet (Newman and Rusnak, 1965; Davis, et al., 1972; Goldsmith, er 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

lictoral 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 seemingly contradictory ideas, reversal of the Ilongshore

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; Boothroyd (in

Davis, ed., 1985) has listed five "documented” causes for barrier island offset at

Inlets:
1. large sediment supply from updnft creates updrift offset (earlier

workers)
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2. wave refraction and subsequent drift reversal and
downdrift offset,

3. downcutting of the

q main ebb channel into a cohesive mu& mm a
downdrift offset,

4. asymmetry of tidal velocities (flood vs. ebb) and position of sidal
flushing paths creates an updrift overlap, and | .

5. large availability of sediment creates updrift overlap.
Large sediment supply (1) and drift reversal around the ebb delta (2) have

been documented to be the most frequent reason for barrier island offset. In
relation to sediment distribution on barrier islands, Boothroyd (in Davis ed.,
1985) states that an updrift offset "is usually a supratidal part of the barrier

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

of the ebb delta sediment mass to an island.

Hog Island s presenily 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 et al., 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, contemporancous with the major morphologic
changes in the island (Figure 4) and changes in island rotation.

Storms : Tropical and extratropical cyclones provide the energy in
the form of waves and surges which drives barrier islands inland, changes

island orientation, and maintains active sand regions on the isiand (Dolan,

€t al., 1978; Hayden, 1975). Northeasters (extratropical cyclones) are m&w
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important than tropical cyclones because they occur more frequently along

the mid-Atlantic coast than tropical cyclones (Dolan et al., 1978). Over 1300

northeasters, producing waves of 1.6 meters Or more, occurred along the mid-

Atlantic coast during the 42 year period from 1942 10 1984 (Wayland and

Hayden, 1975), with an average of 33 storms each year producing waves (>1.6

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

qa wave climate dominant from the northeast, erode the beach and move
sediments offshore (Davis, er al, 1972); the otherwise southeast climate (in

response O dominant high pressure near the coast) drives sediment onshore

during calm periods (Davis, er al, 1972).

Waves reaching the beach are directly related to the storm track, storm
duration (Hayden, 1975), and offshore bathymmetry (Goldsmith, et al., 1975). It
has been suggested that if storm tracks or storm intensities change, that the
result along the active coastline will be recognizable in shoreline
configuration and orientation with time (Hayden, 1975; Wayland and Hayden,
1975; Dolan, et al, 1988). Along the Atlantic coast of North America, Hayden
(1981) analyzed spatial and temporal wvariations in storm frequencies
occurring from 1885 to 1978. His first two eigenvectors represent the tracks of

cyclones along the coast (E1, 28% of variance) and cyclogenesis (E2, 17.3% of

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

track to the west of the east coast (continental track: Ej<0); in the early 1960's,

the dominant storm track was over the ocean (marine track: E1>0). There

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

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

year variation was four-fold along Virginia's Eastern Shore (Figure 6).
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Waves: Waves and storm surges commonly combine to overtop the

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

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

reflected and refracted by the bottom features offshore. Goldsmith et al. (1975)
have studied the effect of offshore bathymmetry 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 northeast waves, 10 be concentrated at the southem 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 storm
(high energy, erosional, northeast) or calm (low energy, accretional,
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 m
the surf zone, directly on the beach, and across the e¢bb 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 north end of the
island just after high tide. It 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 delta.  The

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

Wave energy reaching the shore ‘ncreased south of the ebb delta where waves

were breaking directly on the beach. There appeared 10 be a slight difference

i his may be due
in wave energy at the extreme southem par of the island, and this y

to the large ebb delta extending easi of Machipongo Inlet or to the difference
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in tidal elevarion. The dominant northeast wave climate and refraction in and
around the ¢bb 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).
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Inferred Pleistocene
l{ paleotopographic high

Inferred thalweg of
Pleistocene paleochannels

Position of modern
shoreline

Pleistocene-Holocene stratigraphic
boundries were taken from:
Newman and Rusnak, 1965
Newman and Munsart, 1968
Morton and Donaldson, 1973
Halsey, 1978, 1979
Finkelstein and Ferland, 1987
Finkelstein and Kearney, 1988
C. Gingerich, Pers. Comm.
R. Kochel, Pers, Comm.

Southern Deimarva Peninsula

Geomorphic evidence from USGS

Mockhorn Island topographic maps was used to
identify and determine trends

of visible regressive ridges.

e

cised trellis drainage

‘igure 7, During the last lowstand of sea level, an Iin _ _
surface., This surface 15

pattern formed on the exposed Pleistocene _ .
composed of fine and coarse grained sediments. As a regressive phase

of sea level fall, shore parallel ridges Were left behind. ‘Mﬂckhurn
island is one of these stranded barrier ridges [Finkelstent_l and |
Kearney, 1988). Note the location of palecchannels associated wnhb
modern inlets, and the relative position of Parramore, .Hug: and Cob
Isiands with the inferred Pleistocene PﬂlEﬂlﬂPﬂEl‘ﬂDhlc highs.
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Radiocarben years B.p.

© > s 3 Z ' x 10 2
O Newman and Rusnak, 1965
@Finkelstein and Ferland, 1987 .
Jk van de Plassche, 1990 3 > -8
1 4
T
L ¢
t
2
I
2 Connecticut & .
| D Eastern Shore of Virginia's
| C New Jersey
d Delaware
i0

from Van de Plassche, 1990

Figure 8. Sea level curves for the East Coast of the U.S. indicate that sea
level was rising rapidly until about 2,500 B.P. Since that time, sea
levels have been rising atarateof 1| mm {o 2 mm per year. More
recent studies, using tide gague data, have been used to
calculate an accurate recent rise in sea levelof 2 mm to 3 mm
per year.
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Due to changes in sea level rise and  sediment distributions, the
depositional environments behind the Virginia barrier islands have varied
through time.  Deposition of high-energy (fine sand), open lagoonal sediments
on the Pleistocene surface occurred from at Jeasg 5,100 B.P. to 1000 B.P.,
coming to within 1m of the present marsh surface However, Qertel, ez al.,
(1989), through the wuse of pollen Studies, argue that the open lagoonal
sediments are a Pleistocene facies below the modern marsh sediments.
Holocene radiocarbon dates from comparable facies behind the islands from
Parramore Isiand to Smith Island (Newman and Rusnak, 1965: Finkelstein and
Ferland, 1987) suggest that Oertel, e al., (1989) may have cored a local
Pleisiocene marsh platform. Since 1,000 B.P., up to 2.5m of marsh sediments

have been deposited on top of the high energy, Holocene, lagoonal sediments

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

Munsart, 1968; Morton and Donaldson, 1973: Halsey, 1978).

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

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

sediments. No radiocarbon dates are available on the cores but, given

stratigraphic relationships behind the Virginia barriers, the change in

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

lithologies have been found 7 m below sea level (Craig Kochel, personal

cCommunication) at the northern end of Hog Island, directly behind the mosit

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

20m of marsh and overwash overlie the Pleistocene unconformity. A probe

at MHW (mean high water), just north of Bowen's Cabin (refer to Figure 11),

organtc material

indicates that there is 0.64m of thickly matted, spongy,
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(Sparting paiens roots) on top of 1.5m of very fine sand and at least 1.3 m of

soft mud below the sand (Figure 9). By tOmparing a sea level rise rate of 2 mm

(0 3 mm/year, and the accumulation of 0.64 g of high marsh sediments behind

these older portions of Hog Isiang (Figure 9), the older landforms are estimated

to be 230 to 320 years old. Thig date is comparable to Fitch (1991), who

estimated the age of the island to be 2¢4 Years using overwash sedimentation

rates and crosion rates for Hog Island.

On the south end of Parramore Island, the Pleistocene is encountered at
about 5.0 m below sea level and is covered with an ephemeral inlet sequence
(Katherine OGingerich, personal communication, 1990). In the marsh at the
northern end of Parramore, Pleistocene sediments have been recovered 1.2
meters below sea level (Newman and Munsart, 1968). Here, as below the marsh
behind Hog Island, a Pleistocene high or ridge is situated between two former
thalwegs, which are now the location of inlets (Halsey, 1978).

Covering the Pleistocene lithologies, the Late Holocene (modern)
surface units of the active barriers are composed of two main lithofacies: a

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

relatively coarse grained sand barrier (overwash, dune, and beach

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

] ] ] r
of fine sands (Tanya Furman, personal communication), however fo

. 4 - E
discussion in this paper, the coarse fraction of the island will refer to th

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

] documented
evolution of the coarse sediment fraction of Hog Island can be

‘ 871, 1910,
based on evidence from historical charts of the shoreline (1852, 1

. Oblique
1975, 1982) and aerial photographs (1949, 1955, 1962, 1985)




High Marsh Surface
Dominated by Sparting palens

Organic mat
langled roois of
sand visible in s

NO inorganic matter, entirely
5. patens. Some fine guartz
€ction arcund 0.50 meter.

0.64 meters

Overwash: Fine sand, thinly laminated

Bottom of Dug Pit with few heavy minerals. Lacking organics.
1.0 meter

1.80 melers

Mud, lagoonal (?): a soft dark, plastic
layer, with little sand.

Location of

Probe \ 17

Bottom of Probe
3.7 meters

Figure 9. A stratigraphic column from a probe behind Hog Island, north of
Broadwater Tower and Bowen's Cabin. The organic mat S composed
entirely of Spartina patens root material, representative of a high
marsh area.
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Phﬂwgraphs taken in the Jlaie I800's  and carly 1500 from

the Broadwaler
Lighthouse (Badger and Kellam, 1989, depic)

the existence of large regregsive

dune features at the south end of (he

istand during that Lime period.

Prior to the availability of historical ph(ﬂﬂgraphs and  shoreline data

the only avatlable portrait of (he cvolution of Hog

Istland ig the mosaic of

1apdforms. Acrnial pholographs from 1985 and

1949 were used for preliminary

interpretations of the landform relationships; landform positions  were field

checked through extensive visits 10 (he

rectified

outline and landform map of the island in order to delineate the age of each

portion of the island (Figure 11). The portion of the island which is identified

as an “ancient” barrier by Rice er gl (1976) and referred to here as "the oldest

portion” or “the oldest landforms,” has not been absolutely dated. However, the
existence of Native American artifacts on this segment of the island (John Hall
and Barry Truitt, personal communication) suggests that these oldest portions
formed prior to the elimination of Native Americans from the Delmarva
Peninsula, sometime between 1670 and 1700 (McCary, 1957; Middleton, [989).
The 1949 aerial photographs arc extremely useful in mapping the oldest
portions of the island because increased overwash in 1955, and the severe
northeaster in March 1962, obliterated surficial evidence of the connection
between the oldest landforms. Observation of the 1stand’'s oldest features
reveals the existence of two ages and forms of island physiography west of the

. . h
1871 dune ridge (Figure 12), From the juxtaposition of these landforms, other

i i 13).
®pisodes of island orientation and movement may be inferred (Figure 13)
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R N
Machipongo
Station
1) , 5
;—'—‘*—_l
kilomelers
LEGEND

2] Olcest Regions (16707}

EEESG'S

Bowen's Yahin .

Droadwater -
Tower

E}}'S AcClive Overwash

X AcCtive Beach

(Each agc bracket. e.g. 1910 19472,
represents the ume period in which
thal portion of the island formed o
was modificd significantly. The
Uropddwsler Yower fegion is Jepicled
s o0 i hc oldest pacts for
COMPATLive pUrPOLCy: 11 way
modified signjficantly Juring thi
1962 norlheaster.)

Rogue fsland

Great Machipongo Inlet

Figure 11, Tpe age of each region on the island was determined by
superimposing shoreline charts and aerial phntngrapns nnm‘a 1985
base map. The resulting overlay shows (he oldest section of island
near the marsh. The oldesl portions at Broadwalter Tower were

covered by the 1962 storm.

N
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4
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Low Marsh Region with
Radial Drainage away from lsiangd

llllll
...........

Active Sand Area

Oldest Barrier

Elongated spit which formed
) recently prior to 1949

Figure 12. Two ages of oldest barrier features are visible in 1949 photographs
of Hog Island. The oldest portions are io the north and south, while

the younger portions have migrated
across them.
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Iy History: he landforms along  yh Marsh  side  of Hop  Islang makc
Ear

oldest portion of the island ang Fepresent ywe differeny Periods of isiand
the
up

in the marsh ﬂlﬂng the naorth cnd of

the island, Iandfr}rmr-;, racdixl
ﬁﬂmlinn-

fterns, and vcgulalriﬂn Patlcrnsy indit:atr.:
pa ¥
ge

that  at ONe  time  thisy
draina

§f common oOvcrwaiash, Imbricate dunc
0

arca

n

Was
rdges, which appear 19 have
8

ted to the overwash, gare visible in {he 1949 Photographs near
connec
peen

Tower (Figure 14), These ridges indicate that the shoreline was
fer

lightly southward while simultancmusly accreting  scaward. From
ading S§i1
progr

f s, their relative positions, and their probable connection, it is
landforms,
these

the island was rotating counter clockwise during the mid- to late-
— hat
vident 1 | | -
c hematic diagram, representing  the  carliest  visible landform on
| ﬁl SC
o ] | ] ' to the
depicts a drumstick barrier that is CXperiencing erosion 1o

d cp

Hog Island,
‘ outh (Figure 13).
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1910 20d 1949 (Figure 10, and rewsited in a2 nearly

a nearly % dezrease i odiand ares

@igme 15). In fact, the extreme wouthera tp of the island, south of

e

m Tower was compleicly removed, The dominant 2bd channel

" Fogm o .
" LRl F .

0 the south during this time period fFigure 4. Also, the 1949
reveal a2 newly formed spit extending southward in the direction

drift (Figure 12). Small, imbricaie ricges, predecessors w0 1be




12 ~ _ -
| - |
10 - n
i

N ] -
.ﬂ |
: _
et .
3
b 6 1 |
-, - |
d | I
n ]
= [
o4 -

H _

Q L T d _ — r - - p—————+ .

184¢ 1860 1880 1900 1920 940 1 Q6() 108 2000

Year

The foss in scdiment mass

: i ae O onsiderably from 18352 to 1985,
Figure 15. The arca of Hog Island has changed considerably fron features which used 10

from 1871 to 1949 has becn cven greater duc o the loss of the large dune
dominate the south end of the island in the latec 180('s.



32

parailel ridges now visible, are Present  along 1h
15

largeT spit-
e 14).

1949 to present:  From 1949 4

Spitin 1949

(Figv?

|
he present, the southern spit hag

(o migrate southward wunder the

¢ﬂnliﬂ“ﬁd influence of the

dominant
e currents, and island arca has

r._. .
I:h.r;
u-
A
T -'-l-
5%
o

1ongshoT increased  from 4.5 km2 in 1949 1o

2 in 1985 (Figurc 15). The dominant ebb channel

7.5 km simultancously

migrated north from 1974 to 1985 (Figure 4).

Overwash regions north of the spit complex at the southern end of the
.c1and have migrated progressively northward, and between 1949 and 1955,
wo large overwash throats penetrated the continuous dune 200 m north of
groadwatecr Tower and created two large fans which spread across the marshes.

This breach occurred because the dunes eroded to such an extent that a storm

exceeded the overwash threshold of the island in that area.

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

overwash flats and dunes, continues to accrete; the active flat behind the

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

‘ ‘ nother barrier
a new embryonic dune ridge continues 10 coalesce and form 2

| end of the
against storm surge to the flats.  Despite the fact that the south

' - 1800's, most areas
island has behaved in an erosional manner since the late

1985 (Jimmy Keliy, persondl

near Broadwater Tower have accreted since

communication, 1989).
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PHYSIOGRAPHIC REGIONS

Approximately  90% of the landforms pregenyly

visible on Hog island

o formed OfF have been modificd since

hav the period of clockwise rtotation

£al around 1874, Based on tihe relative age, dune and overwash patterns

and shoreline erosion rates, the island can be divided inio five physiographic

From north to south they are:

re 1005, 1Y Overwash

Flat and Dune Region,

1) TrﬂﬂSi[iD‘“ Regiﬂn; 3) Continuous Dune chiﬂﬂ; 4y QOverwash Fan  and

Tesrace Regiom; and 35) Spit Complex Region (Figure 16). Each of these repions

closely corresponds with different shoreline erosion rates for the last 40 years
(Figure 10), and each has developed a different physical character.

The physiographic regions have been studied through the use of chars,
serial photographs, and Dby data collected along 12 transects (Figure 16).
Definitions of the variables are presented in Tabie 1 and data for each of the

] j ithin
iransects are presented 1n Table 2. One 10 five transccts  afe sifuated wit

Dt | 1, shorehne
cach physiographic reglon. General descriptions, vegetanon coved,

34 riability, and
changes, geomorphic history, transect data, reglon V3

; The
- - i following Pages.
relationships to the adjacent regions arc discussed in the 10 g

egion 1 h eglon are
a r f within each TCEI
regl | characteristics and the landtorms present

with known iandforms O the

‘ S
used to compare modern coastal nfluence

. 1 v .l
‘ orical acrid
: Or 1n hist
historical landforms preserved on the island

Phﬂtﬂgraphy_
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Definition

Measurement

Decennial to Centennial
The width of the coarse

d : , grained
‘fr?;th portion of the islang along the Measurements made
transect. lfrum 1989
The width of the fine rai - pNotographs.
arsh : grained portion | Me
g of the island along th asurements made
wldth E C transect, from 1989
The highest point along the entire E:f;te raphs.
imum transect. May be Presently active MHW 1I0n  above
ax de dune or older stabilized dy _ 38 measured by
Altitn ne. transit and stadia or
hand level and
Stadia.
Annual to Decennial
active The width of the region of island
width which was Influenced by storm surge| Distances measured
associated with the March 1989 by pace and
northeaster, COMPASS.
Trend Shoreline ornentation relative to Azimuth of tangem
eerth. 0  shoreline,
The approximate amount of
percent | identifiable overwash which covers Qualitative visual

Overwash |the transect region. Where the active measurement.
beach is backed by a continuous

foredune, zero overwash is used.

Diurnal to Annual

35

Beach Width of active region including area
Width from approximately mean sea level to Field surveys
the berm.
Beach Angle from horizontal to the beach Brunion Compass
Slope surface 2 m below the high water
berm.
Beach Mean grainsize for surficial beach Channel seln;ple
Sediment | sand from midway between high and ];;ellleetegu;?acﬂ ;:‘ld
i clow
Size low water. ¢ O hrough RSA.
Dune Mean grainsize for dunc ridge along Cllian::il msallgp::?n
Sediment active beach from the crest of the ;:mﬂ: <srface and
dize dune. run through RSA.
Erosion COASTS shoreline
: rosion program
Rate Average rate of shorelne change Edevﬂlﬂpﬂ 4 at the

between 1949 and 1989. University of

Virginia.

transects.
Table 1. Data were collected along each of the twelve
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Flat and D -
ngrwﬂsh une Ridpe
Region

The Overwash Flat and Dune Rjq
idge Regj
gl

The four dominant overwash flats

wide and 750 m to 2500 m long

least BCUVE parts of the islan
d and to the north-north
West alon
g the pre
sently

ve shoreline (Figure 14), Two of the
Gverwash 1)
ats are

act
inactive: the

g are eriodic in{]
other P ally influenced by storm
I wind
and as
stated

earlier, arc being stabilized .
as beach ridges form |
arger barri
1€TS  again
St storm

surge.  Five domipant dune ri
¢ ridges, and four to s
even minor d
une ridges

approximate the tren
pp d of the overwash flats. The domi
' ominant rid
gcs range from

600m to 3,600
m long, 3 m t0 50m wide, and 1m to 5 mh
m high. A low break

f h 1 l

ridges have b
een truncated by active ocean and Inlet parallel shores (.8

Ul't.h 1

the southern parl of the

the acti : :
ively migrating shore occurs mainly 1n
e degree along Quinby

Overwash
sh Flat and Dune Ridge Region, but also 1o som

o resulted in the reactivation

Inlet g
. horel;

oreline changes and truncation have als
Overwash commonly Crosscs
ing a fan ON

the stomm

of - :
the intermittent pond (Figure 14).

intermittent pond, creal

Sur
8¢ threshold at the south end of the
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! This photograph, looking northeast
Figure 17, channel in the location of the 1871 ¢
ridge formend parallel to shore as the
clockwise in the late 1800's

. R e

- g e R arheT 1& €

This photograph (view to the north) U\i:.l;&p?L‘r-Eua‘\‘:' ridge

shoreline has truncated a former shore pd‘”r‘;u-..: ; )
exposed Myrica spp. to the active shore processes

eroa

figure 1,




sh flat. To th
e fgﬂnﬂr overwa ¢ north, duype Ndges have been
jy migrating inlet (approximate] 1 Mincated by
he qoutherty Yy 1.0 m/year) Some of '
; e coarge
. ve migr .
‘raiﬂﬁd sediments ha grated to the bayside, Creating ap |
NIt paralie}

1g¢ which extends to Machipongo Station
ndg

physical data along five transects locateq ip

4 overwash areas,

the geomorphic expression ang variability of (he .
ne  andg

ash arcas. The primary features of this region are: high reljef {(up 1
0

50’11)' steep beach slope (5 to Tdegrc“L high accretion

rates (up 10

3 mfyear), a coarser beach (2.05phi 10 2.34 phi) and dune (2.09 10 221 phi)
mean grain size, small beach width (20 m to 75 m), large sand width (75 m to

950 m), and large marsh width (150 to 1,430 m).
Three subregions, distinguished by their active features and more
recent evolution, are recognized im this part of the island. Transect 11 and

Transect 12 are located along a small spit complex associated with flood tides;
Transect 10 and Transect 9 are in the large overwash flat area; Transect 8 15

located where dune ridge truncation has been dominan and overwash is less

common. The area in the vicinity, and to the south, of Transect § grades into

‘ iler
the Transitional Region with more closely spaced dune ridges and a sma

percentage of overwash.

Iransitinnal Reginn h
. ™t (o both (RE
The Transitional Region has characl risdes sIm

. Region. Seven
Overwash Flat and Dune Ridge Region and the Continuous Dune
ncated DY

. tru
- n and arc
© ten dune ridges converge in the Transitional Regio



Vegetative cOVED OF the landforms ranges from sparge d
and thick grasg
Y

ckets, bushes, and dense stands of mynie.  §cay
| tered pine tre
es

and abOVE the myrtle and thickets in a few isolated Spots.  Bec
: ause of the

s tendency to crode and truncate .
Joreline older dune rdges, some dead and
dying myrtle have been exposed on the beach in situ (Figure 18)

The Transitional Region, located about two thirds the distance betwe
en

sweat Machipongo Inlet and Quinby Inlet, has undergone both accretionary

i jonal stages over the last 150 years. The rotational pivot point (where

e net change In shoreline updrift [north] is opposite that of downdrift
(south]) is located in this areca of the island. Most recently, the northern pan
of the island has been accretionary, and the southern part has been erosional,
athough, as mentioned before, the shoreline has accreted along most of the

island since 1985. The net change of the shoreline position (erosional} over

&m 120 years has been from approximately -4.0 m/year to +5.0 m/year in

al Region. As a result, the oldest portions of the island (&.£.. the

and the pnmary

. ,' . | , landfﬂfﬂl
“#na s - marsh-side) have not been destroyed,

* shore parallel dune ridge. This region exhibit

The primary difference between

" 7 is located in this region.
is the lack of low lying areas

ffff
i - R T
*****

SR WWitional Region and the other reglons




gmall beach width (20 m). The 1
cach sig
pe

oy its
regions *°

onts (229 phi) is morc coarse. The o
al‘[][udt
(4.

the north and south apy
n

m higher dunes to the
north and
lower

cnllﬂ“"""s pune Region

The Continuous Dune Regi ;
lWO  ma;
JOT shore
paralle]

June ridges separatcd by a small terrace. The dun
¢ ridges rap
ge f!'tjm '10
D06 m

10 1'200 il lﬂﬂg; from 30m to 10.0 m wide and §
- * # t rom 1.0 m 1
The higher dune ridge 1s adjacent to the marsh: th G

. ) e IGWEI’ d .

the active beach, is tt : une rid
t0 iself active. The lower dune y ge,

rndge 1s the

same shore

parallc] dune that is located 1
in the Transitional Region: it
shout 2.0m 1n the north _ ! grades in reljef
(compared with 4.0 m in the T from
ransitional Regi
gion) 1o

e south where the Overwash Fan d
and Terrace Regi
gion

begins. The small |
terrace separating the two dune ridges
was active in the

in width northw
ard wh
ere the younger, seaward, dune ridge CONVETEES and

truncates th er
e old ] ' T
, marsh-side, ridge in the Transitional Region

Vegetation
cov
er ranges from sparsely 1o thickly grassed areas, and

from bush
es (B i
(Baccharis spp.) to scattered myrtie (Myrica spp.). Myrtile is only

the marsh side of the island.

able to
row in - 0
4 in the protection of a large dune O

Spartina patens and Distichilis

B addig a b
on ]
» @ high marsh system, dominated Dby

Dense grasses cover the

%'l h.ﬂs f :
ormed directly behind the dune ridge.

Iwash terrace.
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: to aecnal photographs, (pe Contin
ﬁ-ccﬂfd‘"g HOUS - Dune Region gy
to within 2 few tens of ‘meters of its PTESENt position by the carly 194¢
y 5
e10d

040's this region reached south
i *

but Sometj
(p 1he d 1955 was breached by overwash which me
ectt 1949 an MR Now  penetrates the
petW

dges Just south of Bowen’s Cabin.  The 1962  Ash Wednesday
ridg

he breach northward with the addition of severq)
dt

SLOTIm
dune

Uverwash fans ang

decreasing the extent of the

Continuous Dune Region and extending
channels:

sh Fan and Terrace Region northwarg,
Overwa
the

of the low variability in the Continuous Dune Region, only one
Becaust

nresents this area of the island.

This area has the smallest mean

_ on the istand for the beach sediments (2.48 phi), a small heach

.*SIZ:S m), a thin sand width (300 m), and little to no currently active
width ( Thc’ Continuous Dune Region is the narrowest part of the island, and
D“maih‘uf the 3.0m high dunes, overwash only penetrates the furst - dune
becaus

is region has a
storm events (such as the 1962 northeaster). This reg
during extreme

[ | -

‘ ¢ growing On
v The marsh itself 15 2
istent in hﬂlght and has se¢ eral blow oOuts.
consisién

' patens
irely of Spartind
t (0.64 m) which IS composed entirely
a thick organic ma _

it of
At the extreme southern pd

. 0.50 m.

root material with some sand below the northern part of the

the Continuous Dune Region, overwash from
ntinuwo

ic mat.
the orgal
: ard oOver
Overwash Fan and Terrace Region thins northw



s Fan and Terrace Repigp 4
overwash fans dominate
These fans are fed from

rwash ch .
ove annels. In  (hig ‘ throyg,

(where the overwash channelg penetrat
c

lo th
50 to 1,600 m along ¢ bay and marsh (where the fang spread
£a 131&1‘&111;

Jjong the island).

extend across the island for 100 m o 300
m

The overwash channels r i
ange in width frq

wid¢ and
» COmmonly

ntermingling with other channels.  Several episodes of SLOFM  surge b
Can e

ecognized in some of these channels by the existence of small, channpe]

parallal. scarps.

nble where storm surge scoured the channel to that depth.

In addition, some of the channels intersect the ground water

In contrast to the extensive overwash channels, small terraces and

dunes mark the boundaries between channels. The dunes in the arcas of

major overwash range from 0.5m to 2.0m in relief, and consist of a lower,

fiscontinuous foredune area and a higher, discontinuous dune ridge which s

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

continuous  dune rnndge separates the two overwash regions with dunes of up to
most recently overwashed

25m above the high water line; this ridge was

during the 1962 northeaster.
‘n the OvEIWHSh

. _ S
Prior to the dominance of overwash fans and terract

the shoreline here Wwas accretionary,

Fan and Terrace Region in the 1940's,



Bmadwﬂwr was located with over 350
inhabij
tants

y 1900's, the arca around
and Lo lhE e
St

earl
of B
F'oadw
aler

nes and
live
Oak

A serics of storms in the 19
30's ero
ded th
C

ohabitants 10 MOVE them
selves
and their housgeg
10 the
[Own
of Wili;
1S Wharf

on the mainland of
the Del
m
arva Peninsula (B
ﬂdgﬂr
and  Kell
am, 19%9
).

Bc[WBEﬂ 1949 Eﬂld 1989
y lhﬂ avera
r gﬂ EI'GSi{]Il rate of
lhiS entt
Hre re 1O
£l 15 6
= l.{-J

m/year, however Sl
‘ , since 1985
the shore has prograded
over 30 m (]
(Jimm
y Kelly,

personal commu i ]
nication) A
grass, and e ony e m
; small bush e
es (Bac ‘ o
char S€ oras
cions. A few b (s sSpp.) can grow in th T
pines and ¢ o m
- | AJOT OVerw
orc extensive array of b e
ushes inhabi
abit the 4
uTie

ridge are
a surroundi
ing Broa
dwater Tower which separat
ates the 1w
0 overwash

areas descr
cnibed ab
ove. Sali
icor
nea spp. and Spartina alternafiora
cover some oOf

a[

and
Overwash channels

spit emerged adjacent 10 and

As :
mention '
ed previously, an elongated

platform oOn

South
of the
older :
portions of the harrier, thereby creating the

egion nas formed.

which
thﬂ S
Quthem
part of the Overwash Fan and Terrace R
in (he carty

Thﬂ Cﬂﬂliﬂu“u
S
195[1‘5, howeye Dune Region did extend to Broadwalcr Towerl
r,
— e overwash eventually pEnEtfﬂ[Ed ‘he oldest dune ridges 10 the
wer and as the Overwash Fall and Terrace Regiﬂﬁ expanded 1°
visible &t

inlet parallﬂl dune ridges are

the
Rorth
. Sev
en to nine shore and
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Tower in the 1949 aerjy) phnmgraphs (Figure
qyﬂlﬂr

14y but thege Were

the 1949

An ¢phemerg)
¢ Eﬂulh ﬂf the Bl’ﬂﬂdWﬂtCl‘ Tﬂwe[

when the storm surge aA5s0Ciated with
d

th end of Hog Islangd
the SoOu

inley Was algp cug

dunng this 196> Northeastier:

.min five years of its creation.
d wll

closé

der to describe the Overwash Fap and  Terrace Region, Transects 3

In of

sed. The Overwash Fan and Terrace
§ are uscd.

4, and

(2.42 phi 1o 298

(2.32 phi to 2.21 phi) mean grain sjze:
4 dune (<.

a large beach widih (60 m
phi) an

derate overwash cover (15 percent to 70 percent).  This region
. aﬂd' mao

ross its entire width in places (up tw 500 m). There are
. gctive  ac

differen at the two
W cach of the transect areas due to the fact th
ces betwecen L -
- i | ] until the 19350,
| ( )y cross the 1sland at a point which,
transects (4 and 3 h d
northerly

] ne Region. The
onsidered a part of the Continuous Du
been ¢
would have

| bui
it Complex Region,
(3) bears some resemblance to the 3p
ct
southern transe

n , L]

.t- r

history.

- arﬂlﬂd by
Spit Complex Region Figure 11), S€P
f wvaried ages (Fig
ridges O

_ lex Re
Five imbricate dune Spit Comp

gi{)l’l.

nate the
d overwash flats, domis om 10m 10
O
Overwash filled runnels an

oo m in length [

b g;‘[h
150 m 1O 4 from O
Each of the five ridges ranges from . The duses !¢ s
2.0m in height hore which B3
BSm ip width, and from 1.0m to 2. 4 a s

roun
wrap 4

as they

by BOrtheast to almost directly ecasl



gdifiﬂd by former inlet POsliions. The af,

som in length and wp 10 100 m wige, ..
the exirem
LS

erwash fans spread intg the gwal
Swaleg

through breaches ip

Ag iD the other physiographic regions variatio
. f " Opography  4nq
gifferences 10 ages o the dune ridges

the Creates many

¢ for vegetation growth.  The vegetation cq
Ver

differen;

gﬂ?il’ﬂnmﬂnt
On the landiorms

dapending upon 1ts location with respect to th
c

vares
dunes, runnels

ats, and beach. Most of the area is covered wiih

ﬂr‘Wﬂ.Sh ﬂ
N sParse grasses, buyt

grass if found on older, isolated dune ridges.

dense The areas between the

snes on active overwash flats have little vegetation.  Southern areas have
wollected large amounts of rack, which provides a better habitat for vegctation

growth,  Historical aerial photographs document that as the dune ndges are
isolated by southward and slightly ecastward progradation of the shoreline, the

dunes are stabilized by grasses.

Since the 1940's, the Spit Complex Region has been migrating southward

under the influence of the dominant longshore current. As stated earlier, the

gth of Hog island south of

cxtension of the island has built up the entire ien

bars welded 10 the beach

Bm&dwater Tower. In the locations where offshore

] ¢
icland, the most dominant dun

dn
d wrapped around the southern end of the
vegetation, and

. . . b r
ages were formed. The collection of rack, colonization Dy

SUbge .
Quent dune formation on this arcuate

the
development of dune ridges.
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1 and 2 represent the iple shore R0tmal 4p4 the  oeeaqy, shore
SE.EI.S
Tran *
s, respectively.  The shore g Transecy
ects,
trans
al

I faces “outh (x» degree
por™

hore faceg
t 2, the s

ransec

At T

¢ast by SOutheast (19 degree azimuythy.
H‘;;in‘ll'tlbl)' : characteristics of the Spit Compley Region Include .,
The distins f the dune ridges ang Overwash, the beach shope (4
- 0
relat10n
catl
imb

lack of marsh (Om to 60 m width).
the -
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LARGE AND SMALL SCALE MORPHOLOGIC TRENDS

Small-scale gradients in island morphology within

any of the

Phﬁiﬂgrﬂphw regions tend to occur in active aIcas, whereas large-scal
’ -scale

gradients in island morphology are generally retained in  stable portions of

the island. Long-, moderate-, and short-term trends 1o the morphologic

characteristics of Hog Island have been analyzed according to variables and

1andforms which may be influenced over similar time spans. Island

morphology <c¢an be described and distinguished wusing three different

temporal scales:  centenntal to decennial {(decades to centuries), decennial to
annual (years to decades), and annual to dmrnal (days to years).

Transect variables and the morphology of landforms described as
centennial to decennial were selected 1o represent characteristics of the island
which varied greatly over a period of decades to a century. These variables

were identified through the use of charts, oblique photographs, and

stercoscopic analysis of aerial photographs, and observed to vary within

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

landform trends, help in distinguishing long-term morphologic trends.

Decennial to annual wvariables and landforms were selected because

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

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

Dolan, et al, 1988). Landforms visible In aerial photographs which have been

active within the last few decades (e.g. 1962 northeaster), are generally used 10

help distinguish trends and relationships.
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SALIDOIBEA Nl an eroarical wENhng sty formaia (Bana and Komar,
971, The BSA thetne,A  way Lunsel  OYer 3isWing  pecause  the nydrauiic
cnaractrristics of the aedimenty  were Aevired and susving ends 160 give false
iO0%) repIntantatione in hydraulic nterpretations (Reed, et al, 1973)
Iratially, wedimenty collected for ths study were to be used as  an
indicator of enerygy  gradienis zlong  the avdand Other sedimentologic studies

alomy the  Fast Coast have whown that sediment analysss provides useful

infasmalion regarding encrygy gradicnts along an ssland (Jones and Cameroon,
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ariation bet .
show no Vv ween the mean grain  size (calculated f
rom  hydraulic

settfing velocitics with a density of 2.65 q
: gm/cm-)  for seven
different

gﬂh’ifﬂnmﬂnts (Tﬂblﬂ 3 and Table 4) ThETE 18 ho :
\ \ . WEeVer, a significant
dJifference between the skewness of dune sedimen
LS :
to all other environments
sampled and between the sorting and kuriosis of the Relic Overwash d all
and a
oiher environments sampled but the beach. The dune sediments
are more
pﬂsitivaly skewed: the relic overwash 1s more negatively sorted and
more
platykurtic.  Hog Island is homogeneous in mean grain size, and given that
there are strong energy gradients aciing on different portions of the island

(Goldsmith, ez al., 1975; thus report), the sediments are possibly derived from a

shoreface exposure of a fine grained, Pleistocene barrier island complex

(regressive Joynes Neck Sand ?) as described by Mixon (1985)

Centennial to Decennial Over 90 percent of the island has formed or

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

Analysis of historical charts and aeral photographs allows documentation of

similar landforms and physiographic regions along the island over the

centcnnial to decennial time spans. By analyzing three of the eleven
width, and sand width,

variables described in Table 2, maximum altitude, marsh

and by 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 the 1sland

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

prograding spit ridges which are genecrally 1n the stable portions of the

subdivided 1nto four areas based oD

island. The island can be
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Skewness

Grainsize Kurtosis

Bcach vSs. Dune F

geach vs. Overwash
Beach vs. Relic Overwash
Beach vs. Runnel

Beach vs. Threshold
Berm vs. Dune

Berm vs. Overwash

Berm vs. Relic Overwash
Berm vs. Runnel

Berm vs. Threshold
Dune vs. Overwash

Dune vs. Relic Overwash
Dune vs. Runnel
Dune vs. Threshold

Overwash vs. Relic
Overwash
Overwash vs. Runnel

Overwash vs. Threshold
Relic Overwash vs. Runnel

Relic Overwash vs,
Threshold

Runnel vs. Threshold

F
F
F
F
F
F
F
R
F
F
F
R
F
F
R
F
F
R
R
F

{ " T T M Tm mTm T T T " YT YT o ‘YT T YT W r
nmn &, A = ® T = A g ” 0T T T T T
i = % €7 = == == 7m0 o1 A

Table 4, Results of t-tests comparing the mean val_ucsi of grainsize,
sorting, skewness, and kurtosis for combinations of

environments. A boldface "R" (R) inqricfntc_s 4 sigmfic;n?l -
difference between environments. An "F" indicates a Fauure

Reject Ho,
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hese variables and landforms (Figure 19), Each of the fo
Ur arcas are related

- ' he position of the ;i -

directly with t P OL ihe island in relatig
1 10 the ebb deltg

and the

evolution of the island since the change in roratjon in the late 1800
ate ‘s

Decennial to Annual: Approximately 50 pcrcent

Df {hE iﬂlaﬂd hﬂfi.

been modified or changed since 1949, Duye 10 frequent storms along th
¢ east

coast and the shoreline changes that these storms subscquent]y cause. th
, C

variables of shoreline trend, percent  overwash, and active widih exhibit

significant variability over decennial to annual time spans (Dolan and

Hayden, 1980, Dolan er al, 1988). As stated before, landforms modified over
these time periods are generally located close to the shore and only modified
during large-scale storms (e.g. 1962 Ash Wednesday storm). These landforms
are generally covered with vegetation and tend to be low dunes and younger
overwash terraces. Through analysis of the three variables and the
landforms, five areas can be subdivided along the island (Figure 19).  These

areas are similar, with some changes In boundary location, to tihe five

dominant physiographic regions in Figure 16, and represent the trend 1in

evolution of the island with relation to the ebb delta position since the 1940)'s.

Annual to Diurnal: Appruximately 25 percent of the 1siand 1S

‘ . -ariations in the
influenced and modified during the average year. These variatio

¢s In
island landforms from year to Yycar represent small-scale, local chang

ST ' iables described 1n
shoreline position and beachface activization. The five variab

] ean beach grain
Table 2, shoreline rate of change, beach width. beach slope, m

- ' - epending upon
sizc, and mean dune grain si1ze, arc nfluenced datly 10 vearly, dep g uvp

, | 1ated
energization by winds or storms. Small-scale landforms, typically assoc

o distinguish
with the active beach and acuive overwash arcas, are also used 1 g
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sgparate Tegions. As stated earlier,

the use of sediment analyses did not prove
useful for distinction of areas on Hog Island,

50 the slight variations in mean

information for differentiation along the coast

From analysis of the five variables and

grain size provide little

the small-scale landforms, the
isjand is subdivided into six areas (Figure 19).

Each of these areas represents a
along the 1sland’'s active (or easily activated) zone which has distinct
place £

morphologic and physical characteristics as a result of the recent variations

iIn  processes and wvariability in

antecedent topography along the coast.
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COASTAL CHANGE AND PHYSICAL CHARACTERISTIFS

™he landforms in each koo ‘ |
Th ach of the five phuvsiographic

regions ‘Figure 1R,
he attributed to the balance hetween
;an 2InCesses and

oy Ay e -
3‘1:*.-.5].‘,_ r

lv. Storms in the fall and winter ,
mp y wd F ) l&!’g$1 F-{]f#

0

—r- 1 e =
sl T

Ll

m the northeast; the sprin; X o
fro pring and summer sezsons produce aClTElnary

the heast ism: 7 :
waves from southeast ‘Goldsmith, er al, 1575,. As the waves refract 2CTDSS

the ebb tidal deitas, different sections of the island erode or accrete devending

on their location relative 1o the ebb deltas Davis. er gl 1972: Haves, 1979,

The Overwash Flat and Dune Ridge Region i1s strongly infiueaced bv ibe
refraction of waves around and across the ebb delta of Quinby Inlet
Presently, storm waves from the northeast refract around the e¢bb delta, which
causes a divergence of littoral currents and a reduction 1o wave <SNETrgy
reaching the beach. Sediment ‘¢ carried across the ebb delta to the south by
the dominant longshore drift; sediment that is not carried south is transporied
to the north under reversed longshore currents (Figure 3). Wave energy 10
the nonth of the divergence Zonc will be slightly higher dunng siofm gvenlts
at high tides. At low tide. a line of breakers forms along the ebb deita shoals; at
high tide, more swells pass over the ehbh delta through minor flood and ebb
The resulting surge of water from the northeast dunng flood tide

channels.

causes a local elevation of the water, which submerges the large open sand
flats and deposis overwash on the north end of the island. Offshore bars weld
1o the shore in the Overwash Fan and Dune Ridge Region during calm periods

and form subacrial shore-parallel ridges and runnels.  Typically, the ridges

. . ]
build up and collect deposits of rack, crcaung an environment favorable fo



Gﬂﬁﬁw .wﬁ___ru_w.___.u..._. A, e gretatinn Llin o |
mﬁ:ﬁ_ p1 " et Dlowing andy drem esber v
r flats 0f the crposed beach, cmbrye i ‘
__Uﬁﬁﬂi_m.w v anIrfanls,  aah fe,ere ﬂ_,m..:u._.__,__._ﬂ AP TAS
- ] : S
vahlished, the dunecs rmay tozlese o |
Once £sl f alesee, oreating a long dune ndge uhae
~ e AN SR
~ . (5160 r- TR2IIDL ot .
E_:. 1N turn, Uﬂ:....; the ST AP ¢ 117, fregrn furnther oyeraah eyeras (B
- P - ,....__.r_...._._ p_.m.n__...h.w.“..l...
14 {19851

[n contrast 10 he partial exposure of ‘e Cverseash Flat snd Dune Pidge

xﬁm:.___: P} the edesrrriniant L__.u.‘.____,i.._.ﬁmu.n..__. Wt Clirrate. e .._qﬁwb.w.__fﬁ__ﬁﬂy ,_HMW_J_E

the wave shadow ., the ehb delta, Wave omthogonals bend to

ﬂ.\__ﬁ_nw:w ey AN

the norin ofr coplinue (o the southwest, therefore eycluding this area from

direct wWave attack. The pommt marking the Lransition  helween allreuon i the

nonth and crosion 10 the south has been loeated in this reglon since the end of

e 1800 The tandiorms in the ponhern cecion of the Transitional Region
found n  the (jverwash Flat an Dunc Ridge

are  generally typical of those

Region, whercas those to the stuth o arc typical to the Continuous Dune Region.
the of the Transitional Region may be

Lrosion an the  southern part of

Sitributed 10 sediment bypassing 45 well  as heachfacce energizalion caused by

geeasignal  direcl wave nfluence durnng varicd climatic regimes  OT sJight

variations an o olfshore f.,._:w:::n:_n n_”:i,_mm;_.ﬁ__::m.

South of ihe wave shudow 20RC created by the chb delta, the Continuous
waves and storm surge. However, overwash

Dune Regwon s exposed &_ﬂnnﬁ_wn.ﬁu

The higher dunes characteristic of

ot common n o this high cnergy region.
thin region have  retarded hreaching.  This region  will become smaller as the
(jverwash  Fan and Terrace Region nxwuzam northward. The processcs which

arc only slightly diffcrent than those 10

dominate 1the Contingous Dune R gl
e Overwash Fanooand Terrace Region, mainly duc 10 ex1StINg topography and



vk ]

he differences in  the island orientatiog relative

0 .
I 1o the prevalen

Wiave
climate.

The more northerly orientation of the shoreline cxposes h O
’ < verwash

Fan and Terrace Region to the highest waves and siom surge on Hog lsland
| e Island.

South of Broadwater Tower, at the location of the ephemeral inlect ¢ 1ed
: TCALO

during the 1962 northeaster, the landforms are relatively siable The  high
dune ridges 1n this region deter overwash, To the north, where the

continuous dunes have been breached, the landforms are adjusting to

increased overwash. The abrupt change in landform lypes  between  the
Overwash Fan and Terrace Region and the Spit Complex Region may be
topographically controlled, rather than a product of processes. The higher

dune rnidges formed on the spit during the middle 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 Inlet to the

south. Overwash occurs in the Spit Complex Region due to the low eclevations

within 1interdune areas.



LONG TERM DYNAMICS AND ISLAND ROTATION

Long-term VArIalons in 15land morphology are related to th
< mD"'r'Em{:n[

istand:  either counter-clockwise or clockwise

of 1hE rotation.

The present

f

the late 1800's. The well developed cbb deltas were prevalent then (Goldsmith
St

ot al, 1975) and the large sediment mass associated with them was situated
v

slightly farther north than in 1934 or 1972 (Figure 4).

Barrier Island Evolution Model: Comparison of dominant ebb

channel position (Figure 4), i1sland area (Figure 15), storm track and

frequency (Figure 5), and number of storms occurring along the coast of
Virginia (Figure 6) reveals a close relationship of storm track and frequency
to the morphology of the island and ebb channel position. During the late
1800's, a low frequency of inland storms and the prevailing Atlantic high
pressure, created a dominant, accretionary, southeast wave climate. Major
northeasters passing to the west of the island would also tend to generaie a
southerly wave c¢limate. As more storms began 10 occur OQVEI maritime areas
during the early 1900's (Figure 5y, the wave climate became more

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

The variation in storm track and {requency caused several morphologic

changes recognizable 1n the historic record. During Aaccrelionary periods

(dominant southeast wave climate) sediment IS welded 1o the shore from the

southeast: a net northerly littoral transport. The large scdiment Mmass

associated with Great Machipongo Inlet served as a source of sediment for the

south end of the island, which accreted ceaward from 1852 (o 18§71, Sediment,

moving northward along the barner chain, caused & northward shift in 1the



H2

y tidal channel as thce channe! was driven away from

eb the  sediment Joad and

ght a Steeper gradient.  Also, the island ares

sou increased {rom approximatety

Y kml
10 km? to nearly 12 km< from 1852 to 1871. This corresponds to a southeast

accretionary, Wave climate, increasing the sediment lransport  from offshore

sources 10 the 1sland and increasing the area of the island.

During the early part of the 1500's, storm frequency increase and an

offshore (maritime) storm track created an erosional, northeast wave climate.

The exposed south end of Hog Island was eroded severcly, cspecilally during the
1930's (Badger and Kellam, 1989), and the sediment was transported south into
the ebb delta. The surplus of sediment tcnded to shift the dominant ebb
channel southward (Figure 4). Sediment transported into ihe ebb deltas was
deposited at the divergence of littoral currents and at the loss in hydraulic
competency along the north end of Hog Island (Figure 3). Durning the less
frequent southeast wave climate, bar wclding occurred where the abundance
of sediment occurred in the transport (divergence} zone at the north end of
the island. Since the 1960's and 1970's, the island area bas increased (Figure
15), and the dominant ebb channel has shifted slightly northward (Figure 4),
correlative to the change in the peak of storm frequency and offshore storm

track,

Long-term trends in island rotatton appear to be affected by the 60 year

i i ] '1981).  This
variation in storm track and frequency -dentified by Hayden (1981}

. q data are nol
pattern may be longer from the low 10 high peak, however

_ . high peak, a
avallable for a longer period of time. Using 60 ycars as a low to high p

120 year peak (o peak climale patlern 1s inferred.
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The 120 year vanation in the climate exhibits close correlati
10D

¢ the

Scnmﬂfphic cvidence. Al the cnd of the 1800's, the climatic regime began
0

change considerably (Figures 5 and 6), as did the crosion rates on Hog Isiand
sian

(Figure 13). The actual position of the

i1sland has not changed much since the

carly 1960's, and has accreted along most of its shore since that time

Extrapolating the 120 year wvariation into the geomorphic  record

several changes in island rotation can be correlated with the storm

track and
frequency. A peak 1In storm track and frequency would have occurred in
approximately 1840, 1720, and 1600 (each of these dates assumes that the

variation 1n climate occurs with a constant period and that storm frequency

and storm track occur contemporaneously). This peak corresponds with the

maximum progression in  clockwise rotation of the island, after which the
1sland would rotate counter-clockwise,

The independent geomorphic analysis (Figure 13) closely corresponds
with these predicted dates. In the early 1600's, the island had reached a
maximum peak, and in about 1650 was reaching the maximum in counter-
clockwise rotation (one half of the variation). From the mid-1600's. the island
rotated in a clockwise direction and peaked 1n the early 1700's. again
coincident with the predicied peak (1720) In storm frequency and track. NO
geomorphic evidence was found to be preserved on the island which 1s
representative of the late 1700's low (maximum counter-clockwise rotation)

nor of the predicted 1840 maximum. The 1852 island position indicates a

counter-clockwise rotation (initiated after a clockwise maximum) which has

progressed such that the predicted 1840 maximum must have occurred earher

in the 1800's.
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VIRGINIA BARRIER ISLANDS

Two oOf the Virginia barriers, Parramore and Cobb Islandg hibi
, exhibit

similar characteristics In shoreline change, and in geomerphic features
., as

Hog [siand: wide northern ends (formerly narrower) with 2 prograding
shorehne, 2 pivot region, a region of extensive fan overwash, and a southward
migrating 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 al, 1975) at similar positions along e¢ach of the

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

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

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

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

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

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 13 responsible for

the other Virginia barriers. Sediment

both the changes on Hog Island and

flux from the north in littoral currents does nol explain these changes

ars from Assatcaguc Island in the north

because they occurred over tens of ye

to Myrtle Island in the south. The documented variations in storm frequency

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

modifications along the Virginia Barrier feland Chain, and the known pulses

of spit growth of south Assateague Istand may also related to the change in

storm chimate.
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CONCLUSIONS

About 9t} pereent of the coarse grained fraction of Hog  f<land
. ..i f'J- ::H’I i"} ]{;ra.-!

150 years ald, whereas the remaining 10

[han percent, bar‘m{ld (37

R
cvdlpypr

American artifacts, may be 300 years old.  Since 1he thanges in the directin
- FEERRNIN

of shoreline movement on Hog Island occurred in the late 1800', resulting |
b -~ : ‘I.E_-_ I 2]

eversal of the shoreline crosion rates of the island, most of the couren arainnd
he coarse graine

sediments have been reworked and  stored in dunes and overwsach deposits
o -4 3.

Sediment analyses and companson of mean grainsize indicates a homogeneos
source of sediments for Hog Island.
Hog Island can be divided 1nto 5 major physiographic regions. From

north to south, they are: 1) Overwash Flat and Dune Ridge Region, 2

e

Transitional Region, 3) Continucus Dune Region, 4, Overwash Fan and Terrace
Region, and 5) Spit Complex Region. These regions may be lumped together or
subdivided further, depending upon the time scale of disturbance analyzed.
Identification of wvariables and landforms which tend to vary over pernods of
centuries or decades (centennial 1o decennial), the island may bc divided 1nto
four areas. This subdivision is controlled by variation o large-scale processes
modified by ebb delia location. They represent changes which have occurred

on the island since the jast change in rotation tn the late 1300

Analyzing variables and landforms which vary over periods of decades

10 years, the island may be divided into hve regions which closely correspond

1o the five physiographic regions. These regions represent changes in the

isiand  atiributable 10 large, infrcquent SUOTTRS and demonstrate the general

relationship 10 slight variations in Jocal ebb delta position.  Yearly to daily
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and landforms were analyzed

1ables
ng varia and hascd

On  the resulting

chang?

the island can be subdivided into six areas

tﬂﬂdﬁj These ¢
dICas arc a resyly of

sent yariations in processes along the coast apd

rc commonly depend op

antecedenl topography as a controlling factor.

y i a I-

otation in (he island.  Prior to 1871, Hog isltand rotated counter-clockwise
with shoreline erosion along the north and shoreline accretion to the smuthi
Srratigraphic evidence suggests that a remnant regressive Pleistocene ridge s
causing the landward motion of the barrier to stall, thus the geomorphic
history of the island has pot been obliterated by typical barrier island
transgression.  The estimate of 250 to 320 years for the age of the fringing

hich marsh roughly approximates the 264 vyears calculated from overwash

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

indicate a stalled drumstick barrier island, which has been pivoting back and

forth in the same location for several hundred years. Four periods of

northerly offsets (maximum clockwise rotation) have been documented from

ecomorphic evidence on Hog Isiand: 1) around 1600, 2) early 1700's, 3) early

The most recent change in rotation oD

to mid-1800's, and 4) mid- to late 190U’
Hog Island (around 1871) occurred throughout the Virginia barriers and
the driving processes.

supports a regional, rather than local, variation 1

. . e ' requency and
Independent climatic data exhibi in storm freg Y

islands occurring with a period of

track along the Virginia barref

960's. DBy extrapolation of the 120

approximately 120 vyears, peaking in the 1

the gemmc}rphic Jata, the maximum clockwise

year cycle and comparison O
1720, and 1600 Extrapolation 1nto

rotation of the island occurs in about 1 840,
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