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INTRODUCTION

Boston Harbor Island shorelines have fonned from the submergence and erosion
of drumlins, which provided sediment to fonn connected spits or tombolos. The spit
alignments are controlled by pre-existing glacial topography in lower energy settings and
by dominant wave approach in higher energy settings. When the eroding drumlins are
the primary sediment source for beaches, there are generally sediment-starved
impenneable beaches with boulder lag deposits in the nearshore along drumlin shorelines
and gravel spits connecting the drumlins that are frequently overtopped. When there is
sufficient sediment input, such as from offshore sources, regressive barrier spits may
fonn.

Holocene modification of the drumlins within the harbor also typically includes
formation of accretionary salients which have a structure similar to cuspate spits, and
often form traveling headlands where unequal drift from opposing longshore directions
results in a landform which is migrating in a direction contr-olled either by dominant wave
approach or larger longshore sediment supply.

The actively retreating bluffs along the drumlin shoreline are highly variable in
height, lateral extent, and dominant mechanism causing the retreat.

GEOLOGIC SETTING

There are over thirty islands in the Boston Harbor area. Peddocks and Lovells
Islands are good models for the range of processes found throughout the system.

Boston Harbor was fonned by a structural bedrock basin that has been glaciated
and partially submerged by rising sealevel. While bedrock fonns many of the islands
outside of the harbor, the islands within the harbor are predominantly comprised of
drumlins (Figure 1). The Harbor drumlins are part of a larger drumlin field that extends
throughout eastern Massachusetts comprised of over 200 drumlins (Laforge, 1932) and
also extends at least 16 km seaward into Massachusetts Bay. The island shorelines have
evolved as the drumlins have been submerged by rising sea level.
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Figure 1. Location map of Boston Harbor Islands.

The glacial sedimentary framework of the harbor consists primarily of drumlin
topography resulting from at least two different age drifts. A possibly pre-Wisconsinan
drift is overlain by a thin layer of late Wisconsinan age drift (Newman et aI, 1990;
Newman and Mickelson, 1994). The harbor bottom is largely composed of late
Wisconsinan glaciomarine clays (Boston Blue Clay), as is much of the adjacent
Massachusetts Bay region (Knebel et aI, 1992).

The oldest radiocarbon date on barnacles in the glaciomarine clay yielded an age
of 1~,250 +/- 250 14C yr BP, which establishes a time frame for marine encroachment and
deglaciation of the Harbor. The clay is present at elevations as high as 22 m above
present sea level in the Boston area, which indicates a sea level high-stand. Rapid
regression to a low-stand of -40 m occurred from about 15,000 to 12,000 14C yr BP as
isostatic rebound was greater than eustatic sea level rise. Rapid transgression followed
from 12,000 to 8,000 14C yr BP as eustatic sealevel outpaced rebound (Colgan and
Rosen, 2001). While sea level re-entered the harbor by 5,630 14C yr BP, modification of
the drumlins shorelines by longshore processes probably was not significant until a
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slowing of the rate of sea level rise on the order of the past 3,000 years (Rosen et ai,
1993; Kaye and Barghoom, 1964.)

Boston Harbor opens to the northeast into Massachusetts Bay. Flanking the
Harbor entrance on both sides, two additional drumlin and
connected-spit/barrier systems extend from the otherwise glacial perimeter
of the harbor. These systems differ from most of the islands within the
Harbor largely due to a higher energy, but less complex, wave climate.

Deer Island, Yirrell Beach, and Winthrop Head fonn the northern harbor
enclosure. This shoreline contained an additional entrance to the harbor between Point
Shirley and Deer Island called Shirley Gut. This inlet largely closed during an intense
northeast stonn in 1938 and was subsequently completely closed by the U.S. Army Corps
of Engineers in the same year (FitzGerald, 1981). The most prominent coastal feature
along this shoreline is the Five Sisters at Winthrop Beach, an offshore breakwater built in
the 1930's. In recent decades, coarse gravel has accumulated as shore-connected bars
behind the breakwaters and adjacent areas, probably resulting from landward transport of
nearshore lag deposits (FitzGerald and Rosen, 1988).

South of the harbor entrance, the Hull/Nantasket complex exhibits two very
different barrier systems. The northernmost section, known as Stony Beach, forms a
short, transgressive barrier between two eroding drumlins. Despite the proximity of the
barrier to these eroding drumlin sediment sources, Stony Beach is narrow, sediment-
starved, and is backed by a continuous seawall that was built to prevent further shoreline
recession. In contrast, Nantasket Beach is a long, wide, regressive sandy barrier beach
anchored by at least five drumlins and a bedrock outcrop and stable for at least the last
150 years The evolution of this barrier was determined using relict drumlin scarp
characteristics and preserved beach ridges in the pioneering study by Johnson and Reed
(1910; see also Colgan and Rosen, 2001).

MORPHOLOGIC FEATURES

There are three major shoreline features on the drumlin islands; 1) drumlin bluffs
which are typically the primary source of sediment, 2) connecting barriers formed by
spitltombolo processes, and 3) sediment accumulations on the lee or downdrift side of
islands forming salients.

Drumlin Bluff Retreat

The drumlins throughout this region are oriented on a northwest/southeast axis
with a steeper slope facing northwest, which reflects the direction of ice movement
during deposition (Figure 2). The drumlins within Boston Harbor have multiple
exposures eroding and forming scarps. Scarps form at any orientation relative to the long
axis of the drumlin, and often erode simultaneously from both ends.
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Figure 2. Location and characteristics of drumlins in Boston Harbor.
Postglacial drainage channels, which form modern tidal channels are also
shown (Newman and Mickelson, 1994).

The earlier stages of bluff erosion on drumlins are dominated by slumping, which is
evidenced by frequent wave notching of the slope base. As the bluff retreats further into
the drumlin, the volume of sediment delivered to the beach in a given slump event
increases. This sediment is able to shelter the slope base from wave attack as longshore
currents transport the sediment away from the area. When bluff heights erode far enough
into the drumlin to result in high bluffs (> 10m), the volume of sediment in a single
slump event is large enough to shelter the base of the bluff from wave attack for a long
period of time, allowing overland processes such as rain splash to dominate the process
of sediment removal. Rill networks develop and are able to evoJve into deeply
entrenched gullies, indicating the influence of rain runoff processes.


