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MORPHOLOGY AND COASTAL PROCESSES ALONG DUXBURY BEACH,
DUXBURY MASSACHUSETTS DURING 2006-2007

1. INTRODUCTION

This report documents the stability and the recent changes in Duxbury Beach during the last nine years
and more specifically, during the past year through the 2008 summer season. This is the ninth annual
report, based upon an ongoing compilation of the beach and barrier processes, beach monitoring, and
ground and aerial observations. In addition, this year we have developed a wave refraction model that
provides insight into distribution of wave energy and magnitude in longshore current velocities along the
beach, which are a proxy for rates of longshore sediment transport. Our wave analysis models typical
events, such as northeast storms and southeasterly summer waves, but may be used in the future to
model specific events, if required. In addition, we are preparing a report on the long-term success of pro-
active management of the Duxbury barrier, which we expect will be published in a special journal volume

on effects and implications of beach management.

Duxbury Beach is a sand and gravel barrier owned and managed by the Duxbury Beach Reservation.
Geologically, the barrier system can be divided into several beach and dune segments that are pinned to
small glacial headlands. In addition to being one of the few long stretches of sandy shoreline along the
Massachusetts South Shore, the barrier system protects the shallow open water areas, tidal flats, and salt
marsh within Duxbury Bay. Duxbury Beach is a widely sought coastal destination and is frequented by a
diverse population including beachgoers, fishermen, bird watchers, and those wishing to enjoy the shore

ecology.

Duxbury Beach Reservation employs a very careful management scheme to maximize public access and
enjoyment of the beach and minimize impacts to wildlife, particularly to shore birds. Through their efforts,
this barrier system has become one of the premiere locations for nesting Piping Plovers, Least Terns, and
other shore birds. The success of this program is evidenced by the increasing number of successful
Piping Plover nesting sites. This success has been achieved through a concerted effort to identify nesting
sites, provide protection to nests and chicks, and balance the public use of the barrier system with the

State Endangered Species Act, Wetlands Protection Act, and State Barrier Beach Guidelines.

This 2007-2008 study period encompassed a period of beach recovery. In April, 2007, a major northeast
storm i mpacted the entire Northeast Seaboard of the U..
Massachusetts alone, three barriers were breached forming tidal inlets along Nauset Spit in Chatham,

along the South Beach barrier fronting Katama Bay in M
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Esther Island to Madeket on Nantucket Island. This same storm removed two homes along Ferry Beach
in southern Maine and resulted in the loss of millions of dollars of coastal real estate. Duxbury Beach
underwent beach erosion, minor overwash, and scarping of the foredune ridge. The impacts to Duxbury
were minor compared to the regional impact, which can be attributed to the aggressive management of
the foredune ridge geometry and volume coupled with a supply of sand in the offshore allowing recovery
during non-storm periods. The present season followed a season of recovery, during which time the

beaches were generally stable as a result of foredune management efforts.

2. PHYSICAL ENVIRONMENT

Location and Physiography

Duxbury Beach is located 47 km south of Boston Harbor and is part of a barrier spit system that fronts the
Plymouth re-entrant and is formed by Duxbury, Kingston, and Plymouth Bays. The

northern barrier complex is anchored to Brant Rock in Marshfield and cut by Green Harbor tidal Inlet. The
southern spit segments have formed around glacial headlands, including amalgamated

till deposits (over 9 m high) at the southern end of Marshfield, the northern end of High Pines,

and at Gurnet Point. There may be additional subsurface glacial topography serving to control the
position of the barrier. Recent offshore geophysical surveys conducted by the United States Geological
Survey indicate that several drumlins and other glacial deposits were reworked during the Holocene
regression yielding sand and gravel that contributed to the present barrier lithosome. The reworked
deposits are evidenced by slightly positive topography and gravel retreat lags consisting of large and
small boulders. Most of the barrier is fronted by a sandy to gravelly beach and backed by a single,
continuous foredune ridge. Secondary dunes are low and, for the most part, poorly developed.
Exceptions to these trends occur at the northern end of the beach, at High Pines, and at Plum Hills where
a larger sand supply has built more extensive dune systems. In the latter two sites, the sand source for
these extensive dune deposits appears to be relict, and not present on the modern beach. The
backbarrier of Duxbury Beach varies from extensive marsh and tidal creeks in the north to tidal flats and

finally open water to the south.

Hydrographic Regime

The evolutionary development and present morphology of the Duxbury barrier system is a product of the
physical environment. Although the glacial history of the region dictates the original shoreline

configuration and sediment supply to the region, it is mainly the wave and tidal energy of the area that



has controlled the dispersal of sediment within shoreline segments. Major storms and the wind regime of

the area also affect the pathways of sediment transport.

Tides.- The tidal range, which is estimated to be 0.84 m at the edge of the continental shelf, is
substantially amplified in the Gulf of Maine due to its geometry, increasing to 2.8 m along Duxbury Beach.
Under normal spring tide conditions, the tidal range is 3.3 m. The largest tidal ranges exceed 4 m, which
occurs a few times each year during periods of perigean (Moon close to Earth) and near perihelion (Earth

close to the Sun) conditions.

Tides are important because they control the strength of tidal currents flowing into and out Plymouth and
Duxbury Bays. The range also governs the volume of water entering these embayments, thereby
influencing sediment delivery to the inner bay and sedimentation on tidal flats and in marshes. During
storms, the tides together with the height of the storm surge dictate how high waves break along the
upper beach and if they will erode the dunes. It is during spring high tides and storms tides that organic
material is washed out of marshes (Spartina vegetation) into coastal waters. This flotsam may eventually
be washed onto the beaches both on the seaward and bayside of the barrier where it becomes an
important site for foraging shore birds. Invertebrates, such as amphipods, live within the wrack lines and

are important food sources for Piping Plovers.

Wave Energy.- The mean annual wave height is 0.7 m with a low seasonal value of 0.4 m in July and a
high of 1.2 m in April. The modal wave period is in the range of 7.6 to 11.5 seconds. Wave hindcast
studies for the regions offshore of Penobscot Bay, Maine and Cape Cod indicate that the dominant wave

approach is from the east-northeast, reflecting the influence of northeast storm winds.

Regional Wind Patterns.- The prevailing winds blow from the western half of the compass and storm
winds come from the easterly quadrant. The months from May through September have the calmest
weather, but even during these periods the beach is subjected to land-sea breezes generated by
temperature differences between the land surface and adjacent marine waters. Generally, the prevailing
winds are from the southwest during spring and summer and from the northwest during fall and winter. In
addition to controlling wave energy in the Gulf of Maine, regional wind patterns influence the movement of
sand on the berm and its transport toward the dunes and into the nearshore zone. It is the primary
mechanism of fore dune ridge construction. The dominant (strongest) winds are from the northeast and
are associated with the passage of extratropical storms that track east of Cape Cod and the Gulf of
Maine. They have their greatest frequency during fall and winter. During the winter strong winds may also
blow from the north and northwest when polar air masses move across the continent or on the back sides

of northeast storms.



Coastal Storms

The coast of New England is susceptible to two different types of storms: 1. highly infrequent hurricanes
that form in the Tropics and track northward, and 2. the more frequent extra-tropical storms. Extra-tropical
storms form above the Tropics usually within the continental United States in the south, southeast, and
mid-west regions. These storms have a variety of tracks and produce wind and waves that come from a
variety of directions. The most common extratropical storm is the "Northeaster" which tracks east of Cape
Cod and Gulf of Maine generating strong northeast winds and waves, which impact easterly facing
shorelines, including the Duxbury Beach coast. During the past 30 years several intense Nor'easters have
caused extensive damage, shoreline erosion, and barrier breaching. The largest of these storms included
the 6-7 February Blizzard of 1978 and Halloween Eve storm of 1991 (Perfect Storm) which coincided with

high astronomic tides, producing record tides.

Longshore Transport

The wave induced longshore currents along Duxbury Beach are known from a field study that was
conducted during a moderate northeast storm during the fall of 1981 (Fowler et al., 1984). During the
measurement period (about 6 hours) the average wave height was 1.2 m along the

northern beach and 0.9 m along the southern beach. The average longshore currents were approximately
30 cm/sec in the northern sector and directed southward. In the southern region, currents averaged 45
cm/sec and were directed northward. These currents indicate the movement of sand during northeast

storms and their convergence toward High Pines may explain the abundance of sand at this site.

3. SURFICIAL GEOLOGY

When the last great ice sheet, the Laurentide Ice Sheet, retreated northward across New England
beginning18,000 years ago, it left behind a variety of glacial sedimentary deposits. In the Duxbury region
the primary deposits include drumlins (oval-shaped hills) and ground moraine sediments, consisting of till
- a poorly-sorted mixture of boulders and cobbles in a matrix of sand, silt, and clay. The drumlins and
ground moraine around Plymouth Bay contain about 30% sand, 35% gravel, and 35% silt and clay.
Besides acting as local sediment sources for the coastal barriers, glacial landforms acted as pinning
points for barriers and anchoring sites for tidal inlets. Former sites of drumlins offshore of Duxbury Beach

are identified by boulder retreat lags. Once such eroded drumlin exists offshore of High Pines.



4. DUXBURY BARRIER EVOLUTION

The origin and evolution of the Duxbury barrier system are similar to that of other regions where glacial
deposits have been intercepted by the rising sea and reworked waves and tides. Five to six thousand years
ago, glacial deposits located approximately 2.5 km offshore of Duxbury Beach were being reworked by
waves and tides associated with the transgressing sea. As the shoreline migrated landward, some of the
sediment mined as a result of these processes was moved onshore in the form of low ephemeral barriers,
sheet sands, and flood-tidal deltas. As the rate of sea level rise began to slow 3,500 to 4,000 years ago, SO
did the landward movement of sand and fine gravel. At this time, the shoreward moving sediment stabilized
against drumlins and other glacial sedimentary deposits along the existing shore. This sediment supply was
augmented by sediment derived from the erosion of local drumlins, such as Gurnet Point, and other
deposits. During this stage, spits prograded from glacial headlands and eventually connecting with one
another forming the approximate present-day shoreline. This shoreline development is similar to that of

Nantasket Beach.

Subsurface studies using ground penetrating radar (GPR) and studies of historic maps document that tidal

inlets were a common feature on the Duxbury barrier as it migrated landward. Although the present barrier

contains a continuous foredune ridge backing the beach, there are records of up to 15 former inlets cut

through the barrier. Much of the history of the barrier during the past two centuries involved attempts to

build dunes higher or extend their length thereby stabilizing the barrier and improving its integrity,
particularly during storm impacts. Thus, it is Ilikely
that was breached and overwashed frequently. Tidal inlets were established in some of the breaches and

the ensuing tidal currents carried sand into the bay forming flood shoals. These deposits created a base

upon which the landward migrating barrier system would coalesce and reform.

5. BARRIER MORPHOLOGY

Shoreline Alignment

Duxbury Beach is a narrow barrier system pinned to several, widely spaced glacial landforms. The barrier
extends northward to Green Harbor at Brant Rock in Marshfield. The barrier shoreline south of Brant
Rock has attained a crenulate shape, which is an equilibrium shoreline that forms downdrift of resistant
headlands. The crenulate shape of the Duxbury barrier system, suggests that this shoreline configuration
has reached an approximate equilibrium. The Duxbury shoreline is also oriented directly perpendicular to
the dominant northeast storm wave approach, thus minimizing the longshore transport of sediment; its

orientation is another indication that the barrier has reached an alignment of dynamic equilibrium.
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Beach and Dune Morphology

Eight geomorphic transects were established and surveyed in order to document the morphological
variability and response of the beach to major storm events (Figure 1). Stainless steel rods installed by
Vautrinot Land Surveying Inc. provide permanent benchmarks for geomorphic profiles. The wooden
monuments above the steel rods are important for quickly locating the profile stations and for providing a
benchmark for grounding the surveys. The overall physiography of the barrier is important because dune
height, barrier width, and backbarrier setting control the susceptibility of the barrier to washovers and

breaching during storms.

Barrier Erosional-Depositional Trends

Present day morphological trends and changes to the beach during the past five years are shown in a
series of profile overlays. The first set of profile overlays depicts the recent changes to the beach, and
includes the past season, May and October, 2008, along with May, 2007 and May 2008 (Appendix 1). A
series of photographs of each survey site for May 2008 is presented in Appendix 2 and October 2008 in
Appendix 3. The second set of profile overlays is called a sweep zone and consists of beach profile
overlays for all years from 1999 to 2008 (Appendix 4). The sweep zones present the vertical changes that
beach has undergone in response to seasonal variations in wave energy, storm erosion, and post-storm
constructional processes. Essentially they present an envelope of active beach reworking and provide an
indication of the stability of the beach and if the beach is experiencing a longer term trend of erosion or

accretion.

6. Beach Profile Descriptions and Erosional-Depositional Trends

A. Recent Trends (2006-2008)- Duxbury Beach responded to the 2007 northeast storm, producing
changes to the beach and dune system. Generally, the extent of erosion was minor with some sections of
the foredune experiencing slight retreat, whereas portions of the beach were accretionary. The foredune
was nourished with sand to repair the small erosional scarps, and then planted with beach grass. These
efforts remained through the 2008 season (or additional sand may have been added), so the position of
the foredune has remained fixed over most of the length of the beach during this period. Moreover, the
overall height and integrity of the dune remained constant. The overall behavior of Duxbury Beach
indicates that the beach is resilient and the management practices are highly successful. Individual

changes to the beach profile stations are discussed below:



High Pines

Drumlins

Bay Entrance

Figure 1. Location of beach profile stations along Duxbury Beach.

Profile #1 is the northernmost station. It is backed by a vegetated dune system (25 m wide) that rises 4 to
5 m above a wide parking lot. Adjacent to the parking lot is a supratidal platform marsh incised by tidal
creeks. A pedestrian walkover consisting of clayey sediment is situated just south of the transect. The
compacted clay that covers the sand at the walkover site has largely stabilized the pathway, preventing

blowouts and vertical erosion that is common to crossovers of this type. However, the clay is beginning
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to gulley from runoff and should be repaired. The scarp landward of the dune fencing has been

nourished priortoSpr i ng 2008, which restored the scarp created b
there was a broad accretionary ridge migrating | andwar
While there was a berm near the high water line in Spring 2008 which was no longer present in the Fall,

the overall sediment composition and form of the beach is otherwise nearly unchanged. The apparent

deposition in the back-dunal area is likely the result of a slightly different survey traverse across the dune

system in 2007 as compared to 2006. The elevation difference between the two profiles is less than 30

cm, and at the time of the survey there appeared to be no evidence of open expanses of open sand areas

indicative of moving sand. Given the entire system including the beach maintenance, Profile #1 remains

stable over the past season and preceding two-year period.

Profile #2 is located across the parking lot at the Powder Point Bridge. Most of the dune system in this

area remained unchanged, which is characteristic for this section of the barrier. The 2007 profile shows

that it was | owered as a result of the 2007 norbeaster
foreshore indicating recovery. There was some scarping of the foredune ridge landward of the sand

fences. However, by Spring 2008 dune grass had been planted between the two sand fences, and had

been successful in trapping small amounts of sand, which is leading to gradual repair of the scarp. In

Spring 2008 there is a well-formed berm, which was lost, likely due to minor storm activity, by the fall

survey. The overall sediment composition of the beach at this location, consisted largely of sand with a

coarse gravel veneer at the foreshore and a well-developed sandy low tide terrace.

Profile #3 is situated along a well-vegetated section of the barrier and therefore the dune system
exhibited little change from 2006 to 2008. In spring 2007 and spring 2008 there were ridges migrating up
the foreshore, as is common in that season. A scarp was visible along the foredune in Spring 2007, but
there had been little change in foredune position. By Fall 2008, dune grass that had been planted and
sand is accumulating seaward of the scarp. While photographs of the beach, looking both north and south

along the upper beach, suggest erosion of the foredune, the beach profile data indicate very little change.

Profile #4 The Spring 2007 profile indicated an erosional beach with a large ridge migrating landward as
partofthe postt-Nor 6 east er r e c oV eposition hasiréemiaieed stable asa result af duee
fencing and dune planting, the upper foreshore regained sand volume over the past summer. The base of
the dune is healed by wind blown sand and much of the storm dune scarp is covered. The dune grass is
sending runners seaward south of the profile position, while the sand fences are successfully trapping

sand, which is presently unvegetated north of this position.

Profile #5 is located north of High Pines along a section of the barrier that is relatively narrow and
therefore susceptible to breaching during a high energy storm event. This profile location marks the

beginning of where the barrier widens toward High Pines. The erosional foredune in spring 2007 has
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slightly recovered, and some foredune plantings have taken place. However, no significant volume of
sand has accumulated since 2007. In spring 2007, a landward migrating ridge was present in the lower
foreshore, and the upper foreshore had an increased in volume and height by spring 2008. By fall 2008
the upper foreshore remained stable, but the seaward portion of the beach had been slightly lowered.
Like other profiles, it appears that a small storm event diminished the volume of spring/summer beach
face recovery. The composition of the beach remains a gravel layer overlying primarily sand. However,
compared to the northerly profiles, the gravel is becoming noticeably coarser to the south.

Profile #6 is located within the High Pines region where the barrier is the widest and contains the
greatest accumulation of sand in the system. Geophysical surveys in this region show that this section of
the barrier has stabilized against a glacial till deposit at this location. The overlays reveal changes in the
dunal area, which is probably a result of slight changes in the pathway across which the profile was
surveyed. Again, the Spring 2007 post-storm profile shows one or two ridges migrating landward. The
Spring 2008 profile indicates a slight increase in volume in the upper foreshore, which is not present in
Fall 2008. Again, there appears to have been a minor erosional event that occurred below the dune line.
The photographs reveal that dune scarp apparent in 2007 had partly healed due to sand accumulation

adjacent to the dune fence, but no vegetation has been planted or has colonized this area.

Profile#7i s a site with greater gravel composition of the
of gravel were transported landward, as is typical of beaches having a mixed sand and gravel

composition. Although the volume of the back-beach area increased, the onshore transport of gravel

damaged the sand fencing along the foredune. By Spring 2008 the fencing had been repaired and dune

grass was planted seaward of the dune crest. A small berm had formed as part of the recovery. Unlike

most of the other monitoring sites, the dune grass trapped only a veneer of sand by fall 2008. Since there

is no significant input of sand from the beach, the dune grass seaward of the dune crest will not thrive, but

may help to stabilize the area. Gravel beach cusps are apparent along the lower beach.

Profile #8is the southernmost profile along the barrier. This section of the beach has been fairly
stable as recorded in previous years, but theApidal storm created amall scarp in the

foredune ridge and a lowering of much of the upper beach. However, the lower foreshore
contained a landward migrating ridge. In spring 2008, gravel had accumulated in the upper back
beach, and the sand fencing was trapping gravel arckwBg fall 2008, the gravel in the back

beach was lost or was covered with sand, and debris from a minor storm event covered the base

of the foredune.



C. Sweep Zones (1999-2008)

Overlays of the yearly profiles from 1999 to 2008 provide a view of the vertical changes of the beach and
lateral changes in the position of the foredune ridge (Appendix 4). There is a fairly consistent trend for all

the profiles:

e The back-dunal area is a stable region and has experienced very little change due primarily to the

lack of major storms and the associated impact of overwash activity during the 2001-2008 period.

e The greatest amount of change to the beach is to the berm and upper beachface regions. There
does not appear to be any long-term trend of erosion or deposition to this section of beach, rather
the vertical changes may be a function of when the beach was surveyed and at what

constructional stage the beach had achieved.

e The low-tide terrace (lowest portion of the beach) was stable during the five-year period and

exhibited very little vertical change in elevation.

e The foredune position has anchored the beach, and is held in this position as a result of annual
nourishment, planting, and dune fencing. These approaches have been very successful during

this period.

7. Conclusions

In general, the Duxbury Beach barrier has been relatively stable since 1999, which is largely a product of
mild winters and the lack of major storms. The stability of Duxbury Beach is also a function of well-
designed management practices, such as dune fencing, cordoned pedestrian walkways, and controlled
access for vehicles. Over nearly ten years the position of the foredune ridge has remained stable as a
result of these practices, and there has been no significant barrier overwash. The beach volume varies
based on storm cycles and seasons, but is stable overall. There is no morphological evidence from our
survey data and numerous site visits to suggest that recreational use of the beach and the backbarrier

region is negatively impacting the health and stability of the barrier.
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Appendix 1.

2006 7 2008 Beach Profiles Comparisons
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Appendix 2
Beach Photographs

Spring, 2008
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Profile 1. Looking north along backbeach.

Profile 1. Looking south along backbeach.
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Profile 1. Looking north along foreshore.

Profile 1. Looking south along foreshore.
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