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CONVERSION FACTORS AND VERTICAL DATUM

CONVERSION FACTORS
Multiply By To obtain
acre 4,047 square meter
foot (ft) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
mile (mi) 1.609 kilometer
square mile (mi2) 2.590 square kilometer

In this report the unit of hydraulic conductivity is foot per day (ft/d), the mathematically reduced form
of cubic foot per day per square foot [ft*/d)/ft*).

VERTICAL DATUM

Sea Level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929--a geodetic
datum derived from a general adjustment of the first-order level nets of the United States and Canada,
formerly called Sea Level Datum of 1929,
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Geohydrology and Potential Water-Supply
Development on Bumkin, Gallops, Georges,
Grape, Lovell, and Peddocks Islands,

Eastern Massachusetts

By John P. Masterson, Byron D. Stone, and Rick R. Rendigs

Abstract

An investigation of the geohydrology and
of the potential for water-supply development on
several of the Boston Harbor Islands, eastern
Massachusetts, was conducted to evaluate the
possibility of developing a permanent small-
capacity water supply to support recreational
activities, such as camping, hiking, and swim-
ming. The Boston Harbor Islands, including
Bumkin, Gallops, Georges, Grape, Lovell, and
Peddocks Islands are part of a larger group of
glacially deposited drumlins, which are com-
posed of thick, dense, homogeneous till in their
core that are overlain by a thin layer of stratified-
beach deposits. The surficial materials overlie a
weathered zone of the metasedimentary Cam-
bridge Argillite in the Boston Harbor area and
were deposited by continental ice sheets that
covered New England twice during the late
Pleistocene Epoch, and by near-shore processes
in the Holocene Epoch. The thickness of these
materials range from less than | to about 300
feet where present.

The till was deposited by glacial ice and is
characterized as an unsorted matrix of sand, silt,
and clay with variable amounts of stones and

large boulders. The stratified deposit- primarily
consist of sorted and layered sand ard gravel
that accumulated and formed the bezhes and
tombolos of the harbor islands. Thes= deposits
overlie the till at altitudes generally less than 10
feet above sea level.

A cross-sectional, ground-water-flow
model was developed to estimate depth to the
water table for a hypothetical drumlin-island
flow system, which was assumed to be represen-
tative of the drumlin islands in Boston Harbor.
Areas were identified in each island flow system
with the greatest potential for small-~apacity
water-supply development based on the model-
calculated depth to water and surficial geology
of the islands. Model-calculated dep*h to water
estimates were used because of the lack of avail-
able hydrologic data for the islands. Model
results indicate that the simulated depth to water
is less than 20 feet within 240 feet from the
shore of the hypothetical drumlin-island flow
system. This area on the topographic maps of the
six Boston Harbor Islands roughly coincides
with the high transmissivity zones of stratified-
beach deposits and weathered till on the lower
slopes of the drumlins where ground-water dis-
charge and surface and subsurface runoff occurs.
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INTRODUCTION

The islands in Boston Harbor are in a lowland
estuary in the western part of Massachusetts Bay,
which constitutes the major commercial waterway for
the metropolitan Boston area (fig. 1). The harbor is
about 50 mi? in area and is dotted with 31 islands that
collectively cover about 1,200 acres of land. The
islands range in size from less than 1 acre to as large as
214 acres.

The Massachusetts Department of Environmen-
tal Management (DEM) and the Metropolitan District
Commission (MDC) currently oversee the operation
and maintenance of the State parks on several of the 31
Harbor Islands. These agencies are currently evaluat-
ing the possibility of developing a permanent small-
capacity water supply to support recreational activities
such as camping, hiking, and swimming for each of the
islands, including Bumkin, Gallops, G=orges, Grape,
Lovell, and Peddocks.
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Figure 1. Location of the Boston Harbor Islands, eastern Massachusetts. (Modified from Rendigs and Olc'ale, 1990.)
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The landforms that dominate these islands are
part of a larger group of glacially deposited, elongated
asymmetrical hills known as drumlins. The drumlins of
the Boston Harbor area are composed of thick, dense,
homogeneous till in the core, overlain by thin beach
deposits. The potential for water-supply development
on these islands is difficult to assess because of the lim-
ited extent of the permeable beach deposits, the uncer-
tainty in predicting water-bearing properties of till, and
the limited information available on the geohydrology
of these islands. The U.S. Geological Survey, in coop-
eration with the DEM, Office of Water Resources and
DEM, Division of Natural Resources, began an investi-
gation in June 1995 to improve the understanding of
the geohydrology of the Boston Harbor Islands and to
provide a preliminary assessment of potential locations
best suited for water-supply development on Bumkin,
Gallops, Georges, Grape, Lovell, and Peddocks
Islands.

The purpose of this report is to (1) describe the
geohydrology of the Boston Harbor Islands including
the geologic setting, depositional history, and the geo-
hydrology of a typical drumlin-till island based on a
simplified cross-sectional ground-water model; and (2)
delineate zones of the greatest water-bearing potential
for Bumkin, Gallops, Georges, Grape, Lovell, and Ped-
docks Islands. The report also includes a discussion of
existing dug wells on several of the islands that could
potentially be used for water supply.

PHYSIOGRAPHIC SETTING OF THE SIX
HARBOR ISLANDS

The Boston Harbor area (fig. 1) is a glacially
carved estuarine lowland underlain by relatively nonre-
sistant metasedimentary rocks (argillite, conglomer-
ate). The Boston Harbor islands are composed
primarily of glacial materials that directly overlie the
bedrock surface. The islands are single or grouped
drumlin landforms that are joined by tombolos, which
are beaches or sand bars that link one island to another.
These drumlins are elongate hills with smooth surface
topography, elliptical in plan, and generally oriented
southeasterly to easterly. Modern wave erosion has
extensively modified the shapes of the drumlin cores of

the islands producing steep, bare slopes and cliffs on
the sides of the drumlins. Modern beach deposits have
accumulated at the ends of the islands and extend as
tombolos connecting grouped drumlins as in Peddocks
Island.

Bumkin Island

Bumkin Island is in southeastern Hingham Bay.
The 35-acre island is a single drumlin th~t gently rises
to an altitude of about 70 ft above sea level. Most of the
shoreline is rocky and the northwestern end of the
island is eroded with prominent exposur=s of the till
that constitute the drumlin. A long sand bar, which is
exposed at low tide, extends to the east z'most to Sun-
set Point in Hull (fig. 1). The island is densely over-
grown with sumac, poison ivy, viburnum, wild roses,
aspens, and apple trees. Historically, the island was
used to support a fishing and farming coramunity. Dur-
ing the late 19th century, a children’s hosoital was
located at the center of the island. During World War II,
the U.S. Navy constructed barracks for about 1,300
sailors. The 58-building complex was de-troyed by fire
in 1945. The island is presently used for hiking, camp-
ing, and picnicking (Snowe, 1971).

Gallops Island

Gallops Island, located near the center of Boston
Harbor, is a drumlin about 16 acres in siz=. The crest of
the island is at an altitude of about 60 ft above sea
level. Exposures along some of the eroded sea cliffs
reveal deposits of dense till that are covered by thin,
discontinuous sand or sandy gravels. The eastern end
of the island consists of recent beach depsits of
medium sand. Vegetation on Gallops Islend consists of
shrubs and trees, and meadow and salt irarsh flora.
This island has been variously and exten-ively used as
a sand and gravel mine, resort area, quar~ntine station,
and immigration station since the 1830's, and as a radio
operators' school during World War II. Since World
War I, the island has served as a garbage dump for the
city of Boston and is currently used by th= public for
various recreational activities (Boston Harbor Islands,
1994).

4  Geohydrology and Potential Water-Supply Development on Six Boston Harbor islands, Eastern Massachusetts



Georges Island

Georges Island is a 28-acre island in the middle
of Boston Harbor just north of the Nantasket Roads
shipping channel (fig. 1). The maximum altitude of the
island is about 40 ft above sea level. Erosion along the
east side of the island and on the steep banks of the
west side results in exposures of mixed coarse sands,
cobbles, and the underlying till. A small rocky beach is
adjacent to the boat-docking area on the southwest side
of the island. Vegetation is sparse due to the extensive
development related to the construction of Fort Warren,
which occupies most of the island. During colonial
times, the island primarily was used for farming. The
island became Federal property in 1825 and was
extensively excavated 8 years later during the
construction of Fort Warren. The fort was used by the
military during the Civil War and World Wars [ and II
(Boston Harbor Islands Comprehensive Plan, 1973).
After World War II, the island was abandoned and
designated as a National Historic Site by the U.S.
Department of Interior. The Island's fort is visited by an
estimated 70,000 persons annually. The island also is
used for recreational activities such as swimming,
picnicking, and hiking.

Grape Island

Grape Island is a 50-acre island in Hingham Bay
in the south end of Boston Harbor (fig. 1). The island
consists of a drumlin with a maximum altitude of about
70 ft above sea level on the west, and till-covered bed-
rock hill on the east. Exposures of sand and gravel can
be seen from eroded banks on the west shore. The
southeast side of the island consists of tidal marshes
and gravel beaches. Outcrops of argillite are exposed
on the north and south shorelines. Vegetation consists
primarily of grasses, sumac shrubs, raspberries, black-
berries, and scattered oak, birch, and aspen trees (Bos-
ton Harbor Islands, 1994). Indians extensively farmed
the land and clammed on the tidal flats before the
arrival of the settlers in the 1630's. The island has not
been disturbed by the installation of military or other
facilities and currently is used for recreational activities
such as hiking, picnicking, and camping (Boston Har-
bor Islands, 1994).

Lovell Island

Lovell is a 62-acre island that consists of an
eroded drumlin in the central part, and tidal flats and
beaches on the southern and northern parts (fig. 1). The
crest of the drumlin is at an altitude of abnut 45 ft
above sea level. Vegetation consists of pines, aspens,
maples, sumac, wild rose, and marsh grarses. Histori-
cally, a succession of farms existed durin~ colonial
times with the hardwood stand of trees cu* for firewood
over the years (Boston Harbor Islands, 1994). The
island was acquired by the Federal gover~ment in the
mid-1800's and used as a training station during the
Civil War. Fort Standish was established in 1900 and
was abandoned after 1946. Presently, the island is used
for fishing, picnicking, and swimming (Baston Harbor
Islands, 1994).

Peddocks isliand

Peddocks Island consists of a grour of five drum-
lins, locally known as heads, connected b’ sand and
gravel bars called tombolos. The island is about 190
acres and has the longest shoreline of all the Boston
Harbor Islands. East Head is the largest d-umlin on the
island and covers about 90 acres. East Head is less than
0.25 mi from Hull across the Hull Gut and has a maxi-
mum altitude of 123 ft above sea level (fig. 1). Expo-
sures of discontinuous stratified deposits of sand and
gravel are evident along the steep eroded heads of the
island. Beach deposits of sand and gravel are found in
low-lying areas connecting the island dru—lins. A salt
marsh lies between West Head and the middle drumlin
and a wildlife sanctuary that contains a brackish pond is
found on West Head. Abundant tidal flats of sand and
cobbles are exposed during low-tide conditions. Vege-
tation is abundant on Peddocks Island anc consists of
large stands of maple, aspen, apple, birch, elm, and pine
trees. Ground cover consists primarily of viburnum,
blackberry, sumac, barberry, poison ivy, and wild rose
(Boston Harbor Islands, 1994). The salt marsh area is
surrounded by marsh grasses, milkweeds, and cattails.
The island was first settled in the 1620's and used for
farming and pastureland through the mid-1800's. In
1900, the Federal government built Fort Andrews on
East Head (Snowe, 1971). About this time, a summer

Physiographic Setting of the Six Har%or Islands 5



community was established in the middle of the island
that still exists today (1995). Additional permanent
structures were emplaced by the military during World
Wars [ and II and the island was eventually acquired by
the State Metropolitan District Commission in 1968.
The island is now primarily used for hiking and sight-
seeing (Boston Harbor Islands, 1994).

GEOHYDROLOGY

Geologic Setting

The surficial materials that overlie the weath-
ered-bedrock surface in the Boston Harbor area were
deposited by continental ice sheets that covered New
England twice during the late Pleistocene Epoch, and
by near-shore processes in the Holocene Epoch. The
thickness of these materials, where present, ranges
from less than 1 to about 300 ft. The surficial materials
constitute all nonlithified Earth materials that com-
monly are referred to as "unconsolidated” soils in engi-
neering literature. These materials lie below the
modern soil at the land surface.

The surficial materials in the Boston Harbor
Islands are divided into two broad categories: till and
stratified deposits. Till was deposited by glacial ice and
is characterized as a nonsorted matrix of sand, silt, and
clay with variable amounts of stones and large boul-
ders. Stratified deposits primarily consist of sorted and
layered sand and gravel that accumulated and formed

the beaches and tombolos of the harbor islands. These
deposits overlie the till at altitudes generz'ly less than
10 ft above sea level.

The distribution of surficial materials is shown
on the geologic map of the Boston Harbo~ Islands
(fig. 2). These areas are distinguished or the basis of
geologic interpretation of aerial photographs, published
geologic maps, marine geophysical studies, and field
studies.

The six Boston Harbor Islands of the study
area contain 10 drumlin landforms. The ¢~umlins are
elongate hills with smooth surface topography, ellipti-
cal in plan, and generally oriented parallel to ice-move-
ment directions. Nearly 200 drumlins are in the Boston
area and they typically range from 0.5 to 1 mi long,
1,500 to 2,000 ft wide, and 100 to 150 ft high. Some
island drumlins, such as in Peddocks Island, have
steeper long-axis slopes that face toward the southeast
ice-flow direction. Some others, such as Grape and
Bumpkin Islands, have steeper slopes that face the up-
ice northwesterly directions. However, erosional modi-
fication of the islands obscures the origin~! form of
these slopes.

The drumlins appear to be locally clustered in
belts or lines with long-axis orientations ranging from
east to southeast (LaForge, 1932; Crosby, 1934). The
apparent clustering or alignment of some drumlins
(such as in Peddocks Island) may be a function of the
topographic relief on the underlying bedrock topogra-
phy and the direction of ice movement.

EXPLANATION FOR FIGURE 2

DESCRIPTION OF MAP UNITS

Ak

reflectors of sidescan sonar patterns

CONTACT--Dashed where approximately located

UNDIFFERENTIATED MARINE AND ESTUARINE SEDIMENTS (HOLOCENE)--Recent marine deposits consistitg mostly of silty
clay to clayey silt sediments, which may locally contain gravel, shell and shell fragments, organic deposits and sanc. This unit may
be as much as 5 meters thick. Deposits are thought to be locally derived from the winnowing of glacial deposits during the last
rise of sea level. These deposits may be locally overlain by estuarine deposits found mostly in quiet water embaym-=nt areas

GLACIAL DRIFT (PLEISTOCENE)--This unit consists primarily of a compact, dense till inferred to have been deposited during the
Illinoian stage of glaciation about 80,000 years ago. The upper surface of this unit may show extensive weathering as evidenced
from exposures on many of the drumlin islands in the harbor. This unit may locally thin beneath the sea floor whers it may be
recognized by extensive lag deposits of cobbles and boulders covering the surface of the sea floor

BEDROCK (PALEOZOIC OR OLDER)--A complex suite of sedimentary and volcanic rocks that were deposited during the
Proterozoic and Cambrian. Outcrops along the sea floor, harbor islands, and adjacent shoreline are localized and ccnsist primarily
of Cambridge Argillite, which may be cut locally by dikes and sills of diabase

UNDIFFERENTIATED GLACIAL DRIFT/BEDROCK--Exposures along the harbor seafloor cannot be differentiated by major seismic

6  Geohydrology and Potential Water-Supply Development on Six Boston Harbor Isiands, Eastern Massachusetts
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Subsurface geologic data in the region and the
deep exposures in the island cliffs confirm that the
drumlins contain thick till cores rather than bedrock
cores as described for some drumlinoid hills (Flint,
1930). Subsurface data from seismic-refraction studies
on Governor's Island drumlin, the present day location
of Logan Airport (Lee, 1942) (figs. 3 and 4) confirm
the presence of thick, weathered and nonweathered
drumlin-till deposits overlying bedrock. Till deposits
that constitute the drumlin cores thicken from the outer
edge to the center of the drumlins where till thicknesses
commonly exceed 100 ft.

The glacial tills in the Boston area that con-
stitute the cores of these drumlins are related to two
late Pleistocene continental glaciations (Schafer and
Hartshorn, 1965; Stone and Borns, 1986; Weddle and
others, 1989). The informal terms "surface till,” and
"drumlin till," refer to the local stratigraphic superposi-
tion of two tills of different glaciations, and to the
stratigraphic relation of one to the other.

The surface till consists of relatively sandy or
silty till material deposited during the late Wisconsin
glaciation about 23,000 to 15,000 years ago (Stone and
Borns, 1986). The compact, silty drumlin till, which
constitutes the cores of drumlins, was deposited during
the late Illinoian glaciation about 180,000 to 165,000
years ago (Fullerton and Richmond, 1986). The sur-
face-till zone overlies a zone of weathered and joint
fractured drumlin till, which, in turn, overlies a zone of
compact nonweathered drumlin till at depth. The
mixed-till zone, which includes the surface till and the
weathered part of the lower drumlin till, will herein be
referred to as the weathered till zone.

The surface till is discontinuous, probably
averages less than 7 ft in thickness, and contains
numerous boulders in exposed and submerged areas in
Boston Harbor. The surface till is most extensive on
eastern Grape Island. A fairly continuous mantle of
thick drumlin till, which is beneath the surface till, is
draped over rock outcrops and linear topographic
features that are oriented parallel to the trend of
bedrock structural features (Rendigs and Oldale, 1990).
The drumlin till appears to be more continuous than the
surface till in submerged areas, and it constitutes the
cores of the harbor islands drumlins and submerged
drumlins.

The surface till generally is gra: below the
shallow modern soil, reflecting the unwe~thered state
of minerals in the till matrix. Till-matrix samples from
the islands averaged 37 percent sand, 45 percent silt,
and 8 percent clay (Newman and others, 1990). By
visual estimate, the till contains more then 30 percent
gravel by volume, primarily granules, pehbles, and
small cobbles of argillite with lesser amcints of crys-
talline metamorphic rocks. Boulders 3 to 6 ft in length
commonly are found in the surface till. T"e surface till
commonly is loose and slightly stratified. locally con-
taining discontinuous beds of sorted and stratified sand.
The surface till on the tops of the island drumlins
reportedly ranges in thickness from more than 12 ft
(Newman and others, 1990) to less than 3 ft.

Nonweathered drumlin till in th= core of the
harbor drumlins commonly is dark gray. By visual
estimate, the till contains less than 25 per-ent gravel by
volume, primarily granules, pebbles, and small cobbles
of argillite. Boulders more than 3 ft in length are
virtually absent in large exposures of dru-ulin till; no
such large boulders were seen within any exposures of
the till in the island drumlins. Gray drumlin till exposed
in all deep island cliffs appears structurel~ss and
homogeneous.

A weathered zone is developed in the top of the
drumlin till, below the thin, bouldery surface till and
the modern soil. The weathered zone is cxidized to
depths of 10 to more than 20 ft below land surface.
Near horizontal fissility (surfaces within the till along
which the till matrix parts easily) is well developed in
the weathered zone, but is more widely spaced and
poorly developed at depth. The fissility is not apparent
in lower parts of deep exposures, but dried samples of
the till separate along near horizontal fiscile surfaces.

Weathering effects are progressive upward
through the weathered zone. The blocky structure of
the till, formed primarily by subvertical joints and less
prominent near horizontal fissility, increases and is
more densely developed toward the surfr<e. The
degree and darkness of iron and mangan<se stain on
joint faces increase upward. When occurring at a
relatively shallow depth, the weathered 7one of the
drumlin till in the region is the upper part of the C-
horizon of a probable well-developed inferglacial soil
(Pessl and Schafer, 1968; Weddle and ot*ers, 1989;
Newman and others, 1990); the solum was removed by
late Wisconsin glacial erosion.

8 Geohydrology and Potential Water-Supply Development on Six Boston Harbor isiands, Eastern Massachusetts
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The stratified deposits that underlie the
beaches and tombolos of the islands consist of alternat-
ing layers of medium to very coarse sand, and gravel
with coarse sand matrix. The sand beds commonly
range from near horizontal to gently dipping, and con-
tain planar laminations and cross beds. The gravel beds,
which consist of pebble to cobble framework with loose
matrix sand, generally are near horizontal and com-
monly contain cross beds. The coarse sand grains and
gravel clasts are of argillite and crystalline metamorphic
rocks, locally derived from the eroding till slopes on
each island. Windblown dune deposits of medium sand
locally overlie beach deposits. Fine sand and organic
silty deposits are at the base of the ponds and on top of
beach deposits in the tidal marsh areas on Peddocks
Island. The sand and gravel deposits generally are more
than 15 ft thick, extending from near the low-tide zone
to storm beach ridges about 10 ft above sea level.

Most of the surficial deposits in the Boston
Harbor area (fig. 2) are underlain by Cambridge Argil-
lite, a relatively nonresistant metasedimentary rock.
The bedrock forms shallow submerged platforms
(fig. 2) that are bounded by northeast-trending faults.
Rock ridges extend northeastward across the area in the
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subsea-bottom and crop out primarily around the outer
harbor islands from the Brewster to the Graves Islands.
Prominent ridges of resistant rock units extend along
northeast trends across the inner harbor at altitudes of
10 to 20 ft below sea level around several of the harbor
islands, yet are exposed at only Grape and Bumkin
Islands. These bedrock outcrops reveal thzt a fractured
zone exists in the top of bedrock below the till interface
and is characterized by subvertical jointing and cleav-
age. Much of the weathered and hydrothermally altered
rock material from most of the Boston area was
removed by glacial erosion; however, altered-rock
materials are preserved locally beneath gle<ial land-
forms such as drumlins (Kaye, 1961). Areas where
bedrock is exposed at the surface are delin-~ated on the
map showing the geologic setting of the Boston Harbor
Islands (fig. 2).

Depositional History of Geologic Urits

Boston Harbor lies within a fault-bound struc-
tural basin known as the Boston Basin that was formed
as the result of extensive faulting of a complex suite of
granitic, volcanic, and sedimentary bedrock about
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550 million to 1.7 billion years ago (Kaye, 1982; Lenk
and others, 1982; Zen, 1985; Goldstein, 1989). Non-
marine clastic sediments were eroded from surrounding
highland areas and deposited into this basin. This region
was then covered by Paleozoic sediments, which in turn
were stripped away by erosion. The region was blan-
keted by near-shore coastal plain deposits during the
Cretaceous and early Tertiary Periods about 50 to 70
million years ago. These coastal-plain deposits were
then extensively eroded when this region was exposed
about 25 million years ago during the late Tertiary
Period in response to a global lowstands of sea level
(Vail and others, 1977).

The more recent deposits of the Boston Har-
bor, including the Boston Harbor Islands, were the result
of extensive glaciation during the Pleistocene Epoch,
and subsequent marine deposition during the Holocene
Epoch. At least two major glaciation events occurred in
the Boston Harbor Basin in the late Pleistocene. The
first continental glaciation occurred about 180,000 years
ago and scoured much of the bedrock and preglacial
coastal plain sediments. The ice sheet deposited the
dense drumlin till in the cores of the harbor island drum-
lins as it flowed southeasterly to easterly into the Gulf of
Maine Basin. The drumlins of the region developed a
deep soil beneath their glacially smoothed surfaces in a
prolonged interglacial episode following deglaciation.
The depth of soil development indicates the Illinoian
age of the till, which correlates with the widespread
New England lower till described from sites throughout
Connecticut (Melvin and others, 1992), central Massa-
chusetts (Weddle and others, 1989), and from exposures
on Nantucket Island (Oldale and Eskenasy, 1983).

The latest continental ice sheet advanced into
the region about 25,000 years ago (late Wisconsinan
age), scouring off much of the earlier glacial deposits
before reaching its maximum southern extent on Mar-
tha's Vineyard and Nantucket Island (Oldale, 1988). A
thin layer of the surface till was deposited discontinu-
ously on top of the older drumlin till. The ice sheet
reshaped the island drumlins as it first flowed southerly
in the Boston Basin area during maximum glacial
extent, then easterly as the Gulf of Maine Basin was
deglaciated. As the ice sheet retreated northward about
18,000 to 15,000 years ago, it deposited submarine sedi-
ments of ice-proximal drift including sand, gravel, and
till in the Boston area.

After the ice sheet receded northward, sea level
rose about 50 ft above the present sea level, which
resulted in the deposition of a glaciomarine clay in the

topographically low areas in the Boston area. The
Earth's crust then rebounded from the remcval of the
overlying ice sheet and the shoreline reced=d to almost
150 ft below the present sea level about 11,000 years
ago (Oldale and others, 1983).

As the rate of crustal rebound slowed, the Boston
Harbor area was submerged from the rising seas that
occurred during the Holocene Epoch about 8,000 to
2,500 years ago. As sea level rose, glacial drift deposits
were reworked and re-deposited throughout much of the
harbor. Beach and tombolo deposits formed around the
harbor islands by long-shore transport of send and
gravel from the eroding drumlin cliffs.

Recent deposits of estuarine silts, clays, and
amorphous organic matter overlie the re-worked glacial-
drift deposits. Much of this sediment that ir accumulat-
ing in the harbor is derived from erosion of the shore-
lines of the drumlin landforms that constitute the Boston
Harbor Islands and from the erosion of mainland by
tidal processes. This sediment is currently I'~ing depos-
ited in the quiet-water depositional areas in Boston Har-
bor such as Quincy, Dorchester, and Hingh+m Bays.

Hydrologic System

The hydrology of each of the six Borton Harbor
Islands is characterized as hydraulically independent
freshwater-flow systems that consists of about 10 to 30
ft of weathered till, which contains a dense substratum
near land surface that may perch water. This weathered
till is underlain by about 20 to 100 ft of der<e, homoge-
neous drumlin till that is in turn underlain t+ about 5 ft
of fractured metasedimentary bedrock. Each island also
contains unconsolidated beach-type deposits that sur-
round the till and form the shorelines of the islands. The
freshwater-flow systems of each island are laterally sep-
arated from one another by the saline Bostcn Harbor.
Each freshwater-flow system is underlain b either bed-
rock or saltwater.

The sole source of freshwater to eact of these
island flow systems is the infiltration of pre-ipitation
into the soils of each island. The amount of precipitation
that actually reaches the saturated zone (recharge) varies
spatially and temporally in response to climatic and
biologic factors (evapotranspiration), and topographic
factors. Recharge rates also are affected by local
differences in the infiltration capacity and cther
hydraulic properties of the materials in the unsaturated
zone.
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Estimates of recharge rates to the ground-water-
flow systems of the Boston Harbor Islands were
assumed from previous investigations in similar hydro-
geologic settings because of the lack of hydrologic data
available for the Harbor Islands. Recharge rates are
assumed to range from as high as nearly 2 ft/yr to as low
as several inches per year (Peragallo, 1989). The crests
of the drumlin islands are assumed to receive most of
the recharge because of (1) the infiltration rates and
hydraulic conductivity values reported by the Soil Con-
servation Service for the modern soils on the crests are
higher than the soils on the slopes (Peragallo, 1989), (2)
the absence of well-developed stream channels indicates
that most precipitation available as recharge infiltrates
into the thick upper weathered till zones on the crests,
and (3) the topography of the top of the crests is less
steep than that of the sides, and therefore, the potential
for surface and subsurface runoff would be less than the
steep-till slopes of the actively eroding sea cliffs that
fringe the drumlin islands.

Ground water moves through the drumlin-island
flow systems from areas of high to areas of low water-
table altitude. Ground-water flow generally is radial
from the center of the island toward the coast. Topo-
graphically high areas, such as the crests and upper
slopes, are recharge areas with downward vertical gradi-
ents. Ground-water discharge typically occurs along the
coast and at topographically low areas such as coastal
ponds and marshes. Lower-slope areas on the drumlin
islands also are discharge areas. Upward gradients were
measured beneath the lower slopes of drumlins by
Pietras (1981) and Mullaney and others (1992) indicat-
ing that these lower slopes are areas of potential ground-
water discharge, particularly if the depth to bedrock is
shallow. Therefore, the depth to the water table below
land surface would most likely be more shallow on the
lower slopes of the drumlin islands than on the crests.
The presence of ground-water seeps or springs in small
depressions in the lower-slope areas during wet periods,
when the position of the water table would be highest,
would support the assumption that the water table is
closer to land surface in the lower-slope areas than at the
crests of the drumlins; however, existing hydrologic
data from the harbor islands does not support this
assumption.

The water-table configuration is assumed to
mimic the general shape of the drumlin island, yet the
altitude of the water table is lower than land surface.
Annual water-table altitudes can fluctuate substantially
as a result of seasonal changes in aquifer recharge. The

highest water-table altitudes would be expected during

the winter and early spring when precipitstion rates are
high and evapotranspiration rates are low. Fluctuations

in the water-table altitude can vary in magnitude within
each flow system and are expected to be g-eater near the
center of the island than the coast because a nearly con-
stant sea level has a dampening effect on ground-water

levels near the coast.

Hydraulic Properties

Little published data are available on the hydrau-
lic properties that control ground-water flow in surface
and drumlin till ground-water-flow systeris and infor-
mation is not available on the hydraulic properties of
the Boston Harbor Island aquifers. A compilation of
measurements of hydraulic- conductivity, porosity, and
specific yield for analogous till deposits in southern
New England by Melvin and others (1992) shows a
wide range in reported values of hydraulic properties of
tills. Hydraulic conductivity varies by as much as four
orders of magnitude for tills (0.0028 to 65 ft/d).
Although this wide range in values does not distinguish
between weathered (surface) tills and the underlying
drumlin tills, values at the upper end of tt*s range gen-
erally are assumed to represent weatherec tills. In addi-
tion, these values only represent a range in values
indicative of the till matrix and do not represent the sec-
ondary hydraulic conductivity that may o~cur due to
jointing and fracturing, which may substantially
increase the hydraulic conductivity of a till deposit.

The drumlin-till deposits of the Boston Harbor
Islands exhibit physical features that coul result in
hydraulic anisotropy. The compact druml‘u tills, for
example, have a near horizontal fissility related to grain
fabric, which could result in a greater hor‘zontal to ver-
tical hydraulic conductivity ratio. However, vertical
fracturing and jointing also is common in these till
deposits and would result in preferential vertical flow.
Torak (1979) concluded that tills in easter~ Connecticut
were anisotropic on the basis of laboratorv-determined
values of horizontal hydraulic conductivity that were
about an order of magnitude greater than vertical
hydraulic conductivity. A comparison of laboratory-
determined values of horizontal and vertical hydraulic
conductivity of till samples derived from drumlin tills
(Melvin and others, 1992) indicates that the horizontal
and vertical hydraulic conductivities were similar.
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