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INTRODUCTION

This report describes the surficial geology and Quaternary
history of the Sanford 7.5-minute quadrangle in southwestern
Maine. Surficial deposits include unconsolidated sediments
(such as sand and gravel) of glacial and nonglacial origin. Most
of these deposits formed during and after the latest glaciation in
Maine, within the last 25,000 years. Surficial sediments cover
the bedrock over most of the quadrangle and are subject to many
uses and environmental considerations. These include sand and
gravel extraction, development and protection of ground-water
supplies, siting of waste disposal facilities, and agriculture.

Detailed mapping of the surficial geology of the Sanford
quadrangle was begun by J. Michael Clinch in 1989 with fund-
ing from the Maine Geological Survey. C. D. Neil completed the
field mapping of the Sanford quadrangle in 1995-98 and pre-
pared the present report for the STATEMAP program, supported
by the Maine Geological Survey (MGS) and the U. S. Geological
Survey.

Two maps are associated with this report. The geologic
map (Neil, 1997) shows the distribution of the sedimentary
units, and discusses their age, composition, and origin. Italso in-
cludes information relating to the geologic history of the quad-
rangle, such as features that indicate the flow direction of glacial
ice. This map, along with mapping done by other workers in ad-
jacent quadrangles, provides the basis for the discussion of gla-
cial and postglacial history presented here. The materials map
(Neil, 1998) shows specific site data used to help compile the
geologic map. These data include observations from gravel pits,
roadcuts, shovel and auger holes, construction sites, and natural
exposures along stream banks. Sand and gravel aquifer studies
by the Maine Geological Survey and U. S. Geological Survey
provided additional data on the map area, including seismic logs
and depth-to-bedrock information (Lanctot and Tolman, 1985;
Neil and Locke, 1998). Supplemental depth-to-bedrock data
was obtained from MGS well inventories (Loiselle, 1995).

Field work for this project consisted of driving all passable
roads in the quadrangle and hiking through some off-road areas
to examine borrow pits and other exposures of surficial materi-
als. A shovel and hand auger were used to identify near-surface
materials in areas where exposures were lacking. In many places
it was possible to readily distinguish geologic map units on the
basis of topography, boulder fields, surface exposures, and other
such clues. Inremote parts of the Sanford quadrangle interpreta-
tion of aerial photographs was used to supplement field work.

Geographic Setting. The Sanford quadrangle is located in
the coastal lowland of extreme southwestern Maine, near the
foothills of the White Mountains. The map area extends in lati-
tude from 43°22'30" to 43°30'00" N, and in longitude from
70°45'00" to 70°52'30" W. It includes portions of the towns of
Acton, Alfred, Lebanon, North Berwick, Sanford, and
Shapleigh. The principal population center in the quadrangle is
the town of Sanford.

The most significant geographic feature in the Sanford
quadrangle is the Mousam River. The Mousam River has a steep
gradient (~40 feet/mi) where it flows through the hilly terrain in
the northwest part of the quadrangle. The gradient flattens con-
siderably (to ~15 feet/mi) as the river flows southeast through
the town of Sanford and out onto the flat terrain of the Ken-
nebunk sand plain. Other significant drainages in the quadran-
gle include the Little River, Great Works River, Hay Brook, and
the Middle Branch Mousam River.

The terrain over most of the area is hilly. Elevations in the
quadrangle range from 210 feet above sea level (where the Great
Works River leaves the southeast corner of the map) to 860 feet
on Bauneg Beg Mountain (also in the southeast part of the map).

Bedrock Geology. Most of the Sanford quadrangle is un-
derlain by metasedimentary rocks assigned to the Rindgemere
Formation, which probably is of Silurian age (Hussey, 1985).
The western edge of the study area is underlain by the upper
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member of the Rindgemere Formation, while most of the rest of
the area is underlain by the lower member. These metasediments
have been intruded by igneous rocks, including three major
units: (1) Cretaceous grano- and monzodiorite of the Alfred plu-
ton; (2) Carboniferous two-mica granite of the Lyman pluton;
and (3) a small unnamed Devonian granite body in the west-
central portion of the quadrangle (Hussey, 1985; Osberg and oth-
ers, 1985).

PREVIOUS WORK

Stone (1899) conducted an early reconaissance of the sur-
ficial geology of the Mousam Valley as part of his statewide
study of Maine's glacial gravel deposits. He described an esker
system running from Mousam Lake down the valley of the Little
River, but no mention was made of the extensive fluvial outwash
deposits in the Mousam River valley. Leavitt and Perkins (1935)
commented briefly on the area in their “Survey of Road Materi-
als and Glacial Geology of Maine.” They recognized that an es-
ker segment a short distance south of Sanford village had been
buried by fluvial sediments prograding into the sea. Prescott and
Drake (1962) compiled well and test hole data, and Prescott
(1963) carried out preliminary surficial and gravel aquifer map-
ping. Caswell (1979) compiled the original aquifer map for the
area for the Maine Geological Survey's Sand and Gravel Aquifer
Map series. Lanctot and Tolman (1985) compiled a more de-
tailed aquifer map that included the Sanford quadrangle as part
ofthe Significant Sand and Gravel Aquifer Project sponsored by
the Maine Geological Survey, U. S. Geological Survey, and
Maine Department of Environmental Protection. J. Michael
Clinch began detailed mapping of the surficial geology of the
Sanford quadrangle in 1989, but was unable to complete the
work.

DESCRIPTION OF GEOLOGIC MAP UNITS

The surficial deposits of the Sanford quadrangle are repre-
sented on the geologic map as a series of units based on their age
and mode of deposition. The map units are designated by letter
symbols, such as “Pt.” The first letter indicates the age of the
unit:

“P” - Pleistocene (deposits formed during the ‘Ice Age,’
i.e. between about 2 million and 10,000 years ago).

“H” - Holocene (postglacial, i.e. formed during the last
10,000 years). Inthe Sanford quadrangle Holocene
age is assigned to wetland and modern alluvial de-
posits.

“Q” - Quaternary (encompasses both the Pleistocene and
Holocene epochs). The Quaternary age is assigned
to units which overlap the Pleistocene-Holocene
boundary, or whose ages are uncertain.

The majority of Pleistocene sediments in New England
were emplaced during the most recent (late Wisconsinan) glacial
episode. In Maine this glaciation began approximately 25,000
years ago (Stone and Borns, 1986).

The second and subsequent letters in the map unit symbol
indicate the origin and/or assigned name of the unit, e.g. “t” for
glacial till and “gos” for glacial outwash sediments of the San-
ford outwash plain. Surficial map units in the Sanford quadran-
gle are described below, starting with the older deposits that
formed in contact with glacial ice.

Till (Py)

Till is sediment deposited directly from glacial ice. It con-
sists of a heterogeneous mixture of clay, silt, sand, and gravel-
size rock debris. Till is the most prevalent surficial material in
the quadrangle, covering most of the hilly uplands in the area.
Test borings in the Sanford and adjacent Alfred quadrangles
show that till commonly underlies younger deposits in the val-
leys. Some till was derived by erosion and redeposition of older
surficial sediments (either glacial or nonglacial), while the re-
mainder was freshly eroded from nearby bedrock sources during
the latest glaciation. Well data shown on the materials map indi-
cate that some till deposits in the Sanford quadrangle are up to
100 feet or more thick.

Till is, by definition, a poorly sorted sediment (diamicton)
with a wide range of particle sizes. In the Sanford area, till in-
cludes a small percentage of clay, but it usually has a silty-sandy
matrix reflecting the coarse-grained bedrock from which it was
eroded. Till is often massive with little or no obvious stratifica-
tion. However, sorting by meltwater during the depositional
process may impart crude stratification, with discontinuous
lenses and laminae of'silt, sand, and gravel. Stones are abundant
in this unit, and boulders scattered across the ground surface of-
ten indicate the presence of till. Till stones in the quadrangle
chiefly consist of coarse-grained igneous and metamorphic
rocks, predominantly derived from local bedrock sources.

The texture and structure of individual till deposits vary de-
pending on their source and how they were formed. Lodgement
or basal tills are deposited under great pressure beneath the gla-
cier. Lodgment till is usually very compact “hardpan,” and tends
to be finer grained than ablation or flow tills. Ablation till results
from the melting of sediment-laden ice. Ablation till tends to be
loose-textured, stony, and contain numerous lenses of washed
sediment. Flow tills are poorly sorted, chaotic deposits that result
from the slumping of sediment off the snout of the glacier. More
than one of these tills may occur at a single locality. A thin ve-
neer of stony ablation till commonly overlies lodgment till in
southwestern Maine.

Hummocky moraine (Phm)

Several valleys in the quadrangle contain deposits of “hum-
mocky moraine.” These deposits are distinguished in the field by
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their knobby topography and abundance of large boulders. The
few available exposures, mostly road cuts, indicate that the com-
position of this unit varies from diamicton to sand and gravel.

In the Sanford quadrangle, hummocky moraine is found in
the lowlands, often in arecas where topography suggests that
ephemeral glacial lakes formed against the ice margin. Holland
(1986) indicated that the location, composition and topography
of'this unit suggests that it formed during the melting of stagnant,
debris-rich ice late in deglaciation. Boothroyd (1997a,b), work-
ing in the adjacent Great East Lake quadrangle, observed that the
internal structure of hummocky moraine showed clear evidence
of collapse and remobilization of sediment after initial deposi-
tion, probably by melting of buried ice.

The evidence suggests that hummocky moraine is an ice-
proximal deposit formed during the melting of a stagnant ice
margin. However, there are indications that active ice was
nearby as unit Phm was being deposited. A few narrow end mo-
raine ridges (the heavy red lines on the geologic map) are
mapped among and adjacent to the Phm deposits southwest of
Hanson Ridge. Itis likely that this hummocky moraine unit was
deposited from a narrow zone of stagnant ice fringing an active
ice margin a short distance to the northwest.

Eskers (Pge)

Eskers are ridges of sand and gravel deposited by streams
running in tunnels within and beneath glacial ice. As the tunnels
became choked with sediment and the surrounding ice melted,
the tunnel-filling deposits were left behind with their character-
istic ridge shape. Individual esker segments in Maine typically
range in length from a few hundred feet to over a mile, may be
several hundred feet in width, and can be up to a hundred feet or
more in height. Many of them are aligned in linear series (esker
systems) that can be traced for great distances on regional maps
(Thompson and Borns, 1985). Itis clear that water flowed under
pressure in these tunnel systems because the esker deposits can
be traced up hills, over drainage divides, and into adjacent val-
leys.

Three separate esker systems can be identified in the San-
ford quadrangle. One is first observed near the western border of
the quadrangle just south of the Little River. It can be traced,
more or less continuously, for a short distance down the Little
River valley, across a drainage divide east of East Lebanon into
the adjacent Stub Marsh valley, and off the southern border of the
quadrangle as it crosses another drainage divide on the south-
west flank of Bauneg Beg Mountain. Curiously, this esker can-
not be traced further northwest and is not mapped in the adjacent
Milton quadrangle (Meglioli, 1999a,b).

A second esker can be followed, discontinuously, down the
Mousam River valley, through the town of Sanford, into the val-
ley of the Great Works River and off the southeast corner of the
quadrangle just south of Sand Pond. Several inactive gravel pits
just west of Sanford village expose sections of this esker buried
beneath Sanford outwash plain deposits. This esker may be the

southward extension of a larger regional system known as the
Pine River esker system (Goldthwait, 1968; Boothroyd,
1997a,b).

A third esker enters the northeast corner of the map area in
the valley of the Middle Branch Mousam River where it is asso-
ciated with a lacustrine fan deposit. From there it crosses a drain-
age divide into the Trafton Brook valley and continues eastward
into the adjacent Alfred quadrangle. This esker can be traced to
the head of a large glaciomarine delta in the Alfred quadrangle,
the Jailhouse delta, and marks the course of the feeder stream for
that deposit (Neil, 1999).

Ice-Contact Deposits (Pgi)

Ice-contact deposits are sediments deposited in contact
with melting glacial ice. They are generally characterized by
sand to boulder gravel-size sediment, but may range from dia-
micton (resulting from sediment slumping off the adjacent ice)
to well sorted sand and gravel washed by glacial meltwater.
They are often associated with areas of collapsed, kettled topo-
graphy. Inthe Sanford quadrangle these deposits are found asso-
ciated with former ice-marginal positions and esker systems.
Areas of sand and gravel whose origin is not well understood due
to a lack of pit exposures may also be generically labeled as ice-
contact deposits.

In the southwestern corner of the Sanford quadrangle
ice-contact deposits are associated with the esker system in the
Little River-Stub Marsh valley. These deposits are stratified
sands and gravels and may be subaqueous fans deposited from
the esker tunnel into ephemeral, ice-marginal ponds.

In the southeastern part of the Sanford quadrangle Pgi de-
posits are associated with ice-marginal positions as glacial ice
retreated up the Great Works River valley. Anarea ofice-contact
deposits is mapped just south of Sand Pond. A pit exposure in
this area showed what could be a delta topset/foreset contact
with beds dipping to the south. This deposit is related to an ice
margin marked by a small glaciomarine delta in the adjacent Al-
fred quadrangle.

A large area of Pgi deposits stretches, discontinuously,
from immediately north of the Sand Pond delta to the head of the
Great Works River valley. Several kettle ponds and the general
collapsed topography of this area indicate that these deposits
melted out of a large mass of stagnant ice. The Sanford Water
District operates a high-yielding municipal well in the coarse
sands and gravels of this deposit.

In the northwest corner of the quadrangle, an area of
ice-contact deposits is related to an ice-marginal position at the
south end of Mousam Lake. These sediments were deposited
against the north side of a series of hills in the vicinity of Emery
Mills. As ice withdrew north into the Mousam Lake quadrangle
these deposits acted as a dam for the first stage of glacial Lake
Mousam (Meglioli and Thompson, 1997a,b).

In the northeast corner of the quadrangle ice-contact de-
posits are associated with an esker system and lake deposits in
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the Middle Branch Mousam River valley. These deposits must
have temporarily dammed the glacial drainage creating a small
glacial lake into which a lacustrine fan (unit PIf) was deposited.

Glaciomarine Deposits (Pmdi)

While the ocean remained in contact with the retreating
glacier, sediment from the ice was deposited directly into the
ocean. The large flat-topped plain in the area west of Sand Pond
and Picture Pond at the south end of the Great Works River val-
ley is interpreted as an ice-contact glaciomarine delta (unit
Pmdi), here called the Sand Pond delta. A slumped pit exposure
in the toe of this deposit showed well-sorted fine to medium
sands, suggestive of distal foreset beds. A freshly dug cellarhole
on the top surface of the deposit contained plane bedded, pebbly,
medium to very coarse sand suggesting topset beds that may
have been reworked by wave action. A ground-penetrating radar
(GPR) line run along the access road to Sand Pond showed strata
dipping to the south, indicative of delta foreset beds. At the
northern edge of the deposit is an ice-contact zone ofkettled cob-
ble gravel that slopes abruptly to the level of the river.

The original delta morphology has been modified by
late-glacial and postglacial fluvial processes. On the western
slope of the Great Works River valley sand and gravel deposits
constructed to the same elevation as the delta probably were
originally part of the Sand Pond delta surface. Subsequent inci-
sion of the delta plain by the Great Works River left them as iso-
lated terrace deposits.

Glacial Lake Deposits (Plmd,, PIf)

As glacial ice withdrew to the north proglacial lakes
formed where meltwater drainage was impounded in
north-draining valleys or was dammed by older drift deposits.
These water bodies ranged from small, short-lived ponds whose
existence is inferred from topography to large lakes with well es-
tablished drainageways and extensive associated surficial de-
posits. Often multiple levels or stages of a lake can be seen
grading to lower spillways that opened as glacial ice receded
northward. Landforms resulting from sediment deposited into
these lakes are morphologically similar to those deposited in the
glaciomarine environment.

Stub Marsh valley deposits. On the south-central border of
the quadrangle is an unnamed wetland locally called Stub Marsh
which lies in a northeast-southwest trending valley, here called
the Stub Marsh valley. Topography and a series of successively
lower spillways suggest that this valley held a small glacial lake.
A sequence of glacial ice-contact (unit Pgi) and glacial-lacus-
trine (unit PIf) deposits in this valley are associated with a
throughgoing esker system. The internal structure of these de-
posits is not well exposed, but their composition and locally
flat-graded surfaces suggest that they are delta or fan deposits

built into the small glacial lake. A pit near the northern edge of
these deposits exposes the esker core flanked by coarse-grained,
bedded deltaic deposits.

The elevation of the upper surface of these deposits is ~420
feet. The highest observed spillway for the glacial lake is at ~390
feet, draining south between Estes Hill and Bauneg Beg Moun-
tain. This spillway may have been filled with older strati-
fied-drift or till deposits that initially held the lake at the higher
420 foot level and were subsequently downcut to 390 feet by
meltwater flow. As ice withdrew northward, progressively
lower spillways were opened up at 370 feet, 330 feet, and 310
feet. However, no glacial deposits in the valley are seen to grade
to these lower spillway elevations.

Glacial Lake Mousam deposits. Modern-day Mousam
Lake lies in a north-south trending valley in the northwest corner
of the Sanford quadrangle and in the Mousam Lake quadrangle
to the north. This valley contains very extensive deposits of sand
and gravel emplaced by glacial meltwater draining into glacial
Lake Mousam.

Along the south shore of Mousam Lake is an area of hum-
mocky, collapsed topography (unit Pgi). There are no fresh pit
exposures to indicate internal structure, but the coarse sediment
texture and collapsed topography suggest that this is an ice-mar-
ginal stratified-drift deposit.

On the northwest shore of Mousam Lake in the extreme
northwest corner of the Sanford quadrangle is a small
flat-topped landform (unit Plmd,;) interpreted as a lacustrine
delta. A fresh pit exposure in the surface of this landform in the
Mousam Lake quadrangle showed dipping sand beds overlain
by horizontal, plane-bedded, pebbly sand, most likely indicating
a deltaic sequence. This deposit corresponds to delta deposits
mapped by Boothroyd (1997a,b) in the Great East Lake quadran-
gle to the northwest and by Meglioli and Thompson (1997a,b) in
the Mousam Lake quadrangle to the north. The upper surface of
unit Plimd, (elevation ~510 feet) is graded to a spillway at ~506
feet that drained south along the present location of the North
Lebanon Road and a spillway at 500+ feet that drained southeast
down the present course of the Mousam River.

It seems likely that the ice-contact deposit at the south end
of Mousam Lake was more extensive during deglaciation and
acted as a dam for glacial Lake Mousam. Progressive incision of
this deposit by meltwater flow lowered the lake level until the
North Lebanon Road spillway was abandoned. Flow down the
Mousam River continued to incise these deposits until a bedrock
sill established the lake slightly below its modern, dam-con-
trolled level.

Middle Branch Mousam River valley deposits. The Mid-
dle Branch Mousam River flows for just over one mile through
the northeast corner of the Sanford quadrangle. The topography
of the valley, and the glacial deposits observed there, indicate
that for a period of time during deglaciation the valley was occu-
pied by a glacial lake.

A small sand and gravel deposit is associated with an esker
system that runs through the valley. A fresh pit exposure in this



Surficial Geology of the Sanford Quadrangle, Maine

deposit reveals over thirty feet of inclined, stratified, rippled
sands indicative of foreset beds. However, no topset beds could
be found associated with these foresets. For this reason the de-
posit is mapped as a lacustrine fan (unit PIf).

The highest elevation on this fan deposit is ~390 feet. In
order to hold a lake at this level or higher, drainage down the
lower, present course of the Middle Branch Mousam River
would have to be blocked either by ice or drift deposits. A
390-foot spillway on Yeaton Hill in the adjacent Alfred quadran-
gle probably directed outflow from this lake into the Littlefield
River drainage to the east. Additional outflow was likely di-
rected around and over the blockage in the Middle Branch Mou-
sam River valley. As the ice and/or drift dam was downcut, the
390 foot spillway was abandoned and flow down the Middle
Branch Mousam River valley became established.

Glacial-Fluvial Outwash Deposits (Pgo, Pgos)

Sediment deposited by glacial meltwater streams flowing
away from the ice margin is termed glacial-fluvial outwash.
Outwash deposits are seen in the Sanford quadrangle in the Little
River valley and in the Mousam River valley.

Little River Valley Outwash Deposits. Outwash deposits
in the Little River valley (unit Pgo) occur as low, flat areas adja-
cent to the river channel, but higher than the modern flood plain.
Most of these deposits consist of fine-grained sediment with oc-
casional lenses of gravel. In many places these deposits have
been reworked by the postglacial Little River into modern allu-
vial deposits.

Mousam River Valley Outwash Deposits. Outwash de-
posits in the Mousam River valley form an extensive plain, here
called the Sanford outwash plain (unit Pgos). The outwash plain
received drainage and sediment from the time the glacier re-
treated above the marine limit until the ice had retreated into the
Mousam Lake quadrangle to the north. The outwash sediment
prograded over and buried older glacial landforms. In places,
kettles indicate that the sediment prograded over blocks of stag-
nant ice still present in the valley.

The deposit consists of fluvial sand and gravel of variable
thickness. In boring logs it is difficult to distinguish between the
outwash plain sediment and the deposits of older glacial land-
forms. However, a pit south of Sanford village exposed ~20 feet
of stratified sand, interpreted as outwash sediment, over older
esker deposits.

The plain drops in elevation from ~380 feet at its head
around Mill Pond to ~260 feet where it crosses into the adjacent
Alfred quadrangle just south of the Mousam River. The lower
elevation of the plain matches the elevation of an extensive re-
gressive marine delta mapped in the adjoining Alfred quadran-
gle to the east, suggesting that the outwash plain graded to sea
level and discharged into the ocean. Subsequent downcutting by
the Mousam and Great Works Rivers has modified the outwash
surface.

Stream terrace deposits (Qst)

Sediments of the Sanford outwash plain have been partly
eroded as the postglacial Mousam River cut down to its present
level. This downcutting produced terraces along the river (unit
Qst) at elevations between the original outwash plain surface
and the modern flood plain. These terraces are composed of
sand and gravel (lower units within the sand plain) often capped
by postglacial river alluvium.

Good examples of stream terraces are found on either side
of the Mousam River downstream from Number 1 Pond in San-
ford village proper. Driving northeast toward the Mousam River
from the Sanford fire station, Yale Street starts on the upper sur-
face of the Sanford sand plain (~305 feet), drops onto the Qst ter-
race (~290 feet), and finally down to modern river level (~250
feet). After crossing the river it rises back onto the Qst terrace
and again up to the sand plain surface.

Wetland deposits (Hw, Hwm, Hws)

Wetland deposits consist of fine-grained and/or organic-
rich sediments deposited in low, flat, poorly drained areas. Inthe
Sanford quadrangle wetlands occur along streams and in small
upland basins. The boundaries of these deposits were mapped
both in the field and from aerial photographs. Many of the wet-
land boundaries on the geologic map are from the National Wet-
lands Inventory Map for the Sanford quadrangle, published by
the U.S. Fish and Wildlife Service (1994). All wetland bounda-
ries are approximate and should not be used for precise zoning
purposes.

Unit Hwm designates a wetland as a marsh. Marsh vegeta-
tion is dominated by sedges, rushes and grass. Unit Hws is as-
signed to swamps. Swamps are forested wetlands.
Undiffer-entiated wetlands are mapped as Hw. These wetlands
may exhibit a mix of marsh and swamp vegetation. Additionally,
all wetlands mapped solely on the basis of aerial photo interpre-
tation are shown as unit Hw.

Stream alluvium (Ha)

Stream alluvium consists of organic material, silt, sand,
and minor amounts of gravel deposited along stream channels by
flood waters during postglacial time. These deposits occur as
terraces adjacent to modern streams, but differ from unit Qst in
that they are frequently inundated during periods of peak river
flow. Examples of unit Ha on the Sanford quadrangle can be
seen along the Mousam, Great Works and Little Rivers.

Along the larger streams and rivers the distinction between
“wetland” and “stream alluvium” is often arbitrary. Areas
mapped as alluvium (unit Ha) are often poorly drained and may
support wetland vegetation. However, if the sediment was de-
posited by the modern stream, it is mapped as alluvium.
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GLACIAL AND POSTGLACIAL
GEOLOGIC HISTORY

Glaciers have probably covered Maine several times dur-
ing the last two million years (Hays and others, 1976; Broecker
and Denton, 1990), but the surficial deposits in the Sanford
quadrangle record only the most recent (late Wisconsinan) gla-
ciation. This last ice sheet advanced across Maine about 25,000
years ago (Stone and Borns, 1986). It flowed south-
southeastward beyond the present coastline and out onto the
continental shelf. Global climatic warming caused the glacier
margin to retreat from its maximum to a position at the present
Maine coastline about 14,000 years ago. A radiocarbon age on
pond-bottom organics from Deering Pond in the northern part of
the Sanford quadrangle indicates that area was ice free by 13,350
+ 75 years ago (Maine Geological Survey, unpublished data).
Ages on similar material from ponds near the Canadian border
indicate that western Maine was deglaciated by 12,000 yr B.P.
(Thompson et al,1996).

The retreat of the ice occurred by melting or ablation.
When summer melting became greater than winter precipitation,
the ice margin began to retreat. As the ice margin melted back,
the glacier was also thinning by ablation. Eventually the ice
thinned enough that the higher elevation hills began to emerge
through the ice surface. As thinning continued, ice flow shifted
from regional control to flow controlled by local topography.
Lobes of active ice occupied bedrock valleys. In many areas of
Maine this shift in flow control is reflected in bedrock striations
and streamlined features. In the Sanford quadrangle river val-
leys are oriented more or less parallel to the regional southeast-
ward ice flow, so signs of late, topographically-controlled flow
are less obvious. Striation orientations in the Sanford quadran-
gle range from 130° to 175°.

The weight of the glacier depressed the Earth’s crust in
Maine by several hundred feet (Belknap and others, 1987). Even
though worldwide sea level was lower 13,000 years ago than to-
day (because more sea water existed as glacial ice), this depres-
sion caused the sea to flood coastal Maine. The location and
elevation of the maximum inland encroachment of the sea is
called the marine limit. As the glacier retreated, the ocean re-
mained in contact with it until the ice withdrew above the marine
limit. Inthe Sanford area the marine limit is at a present day ele-
vation of ~260 feet.

The sequence of glacial ice-marginal deposits provides a
record of the deglacial history of an area. While the sea remained
in contact with the receding ice margin, glacial streams dis-
charged meltwater and sediment directly into the ocean. Where
the ice margin paused during retreat, this sediment accumulated
to form deltas and subaqueous fans. In areas below the marine
limit, the position of these deposits can be used to help recon-
struct the deglacial history. Above the marine limit, ice-contact
heads-of-outwash, topography, and meltwater channels are all
clues to the location of ice margins.

Great Works River-Mousam River Valley. The sea re-
mained in contact with the glacier as the ice retreated into the
Great Works River valley in the southeast corner of the Sanford
quadrangle. An ice margin south of Sand Pond is marked by a
marine delta in the adjacent Alfred quadrangle. The ice-contact
deposits on Morrills Mill Road are associated with this ice mar-
gin. The ice then retreated to a position just north of Sand Pond
and deposited the Sand Pond glaciomarine delta (unit Pmdi).

At this point it appears that a mass of the ice lobe in the
Great Works River valley stagnated and melted in place. Several
ponds there, including Sand Pond and Picture Pond, are inter-
preted as large kettles. The intervening collapsed topography is
generally at a lower elevation than the delta. Small, flat-topped
landforms around Curtis, Old Fishing and Little Long Ponds do
reach the elevation of the delta plain, but a lack of coarse, ice-
contact sediment suggests that these landforms are the result of
later outwash sediments infilling gaps in the stagnant ice. A
northwest-southeast oriented till ridge just northeast of Curtis
Pond probably continues beneath the upper surface of the sand
plain in Sanford village. As the ice thinned, this topographic
high cut off and isolated an ice mass in the Great Works River
valley.

In the adjacent Mousam River valley an ice-marginal posi-
tion just north and east of Old Fishing Pond is inferred from a
coarse-grained head-of-outwash deposit, lateral meltwater
channels, and correlation with a delta ice-marginal position in
the adjacent Alfred quadrangle. The elevation of this
head-of-outwash deposit (~290 feet) is too high to be deltaic and
suggests a subaerial outwash deposit grading to sea level. This
ice-marginal position marks the initiation of deposition of the
Sanford outwash plain (unit Pgos).

The ice margin continued to retreat up the Mousam River
valley to a position at Mill Pond in Springvale. By this time sedi-
ment of the Sanford outwash plain had filled the valleys of the
Mousam and Great Works Rivers, burying stagnant ice in the
Great Works valley and grading to sea level. Sediment-laden
meltwater continued to feed the Sanford outwash plain as the ice
receded to a position in the south end of Mousam Lake in the
northwest corner of the quadrangle. Ice then receded north from
this position into the Mousam Lake quadrangle forming the ini-
tial stages of glacial Lake Mousam. At this point most of the
sediment began to be deposited into glacial Lake Mousam (i.e.
unit PImd;) rather than onto the Sanford outwash plain.

With reduced sediment supply, the Sanford outwash plain
began to be incised by streams draining glacial Lake Mousam,
creating stream terraces (unit Qst). A prominent terrace along
the Mousam River in Sanford village may represent the initial in-
cision where a suddenly sediment-poor Mousam River graded
the outwash plain to a now falling sea level. As sea level contin-
ued to fall, lower terraces formed until bedrock sills at
Springvale, Number 1 Pond, and South Sanford established the
Mousam River at the modern level. The highest of these Qst ter-
races probably formed in late-glacial time. However, since the
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the exact timing of terrace formation is not known, all stream ter-
races are given a Quaternary designation.

Stub Marsh-Little River Valley. As the ice withdrew from
the southwest corner of the quadrangle, a small proglacial lake
formed behind Bauneg Beg Mountain and Estes Hill in the area
of Stub Marsh. Initially this lake drained southward over a till or
drift dam at an elevation of ~420 feet. While the lake was held at
this level a small, esker-fed, ice-contact fan was deposited in the
lake. The drift dam was downcut to an elevation of ~390 feet
before ice retreat opened successively lower spillways to the
southwest at ~ 370 feet, ~330 feet, and ~310 feet.

In the Little River valley retreating ice deposited outwash
sand and gravel. A small ice-contact deposit northeast of East
Lebanon village is associated with the esker system in this val-
ley. The upper Little River valley continued to receive meltwater
and sediment well after ice had withdrawn from the area. Promi-
nent meltwater channels in the northeastern corner of the Milton
quadrangle and the northwestern corner of the Sanford
quadrangle drained early stages of glacial Lake Mousam several
miles to the north.

Middle Branch Mousam River Valley. As ice withdrew
into the Middle Branch Mousam River valley in the northeastern
corner of the Sanford quadrangle, a small proglacial lake formed
behind a topographic high. The earliest stages of this lake
drained southward along Gebung Road into the Mousam River
valley over a spillway at ~430 feet. Further ice retreat opened a
spillway at ~390 feet in the adjacent Alfred quadrangle draining
eastward into the Littlefield River valley. While the lake was
held at this level a small esker-fed lacustrine fan was deposited
into the lake (unit PIf). Subsequent downcutting of drift or ice
blocking the Middle Branch Mousam River valley diverted
drainage first into the Trafton Brook valley and eventually down
the Middle Branch Mousam River itself.

Following deglaciation, continued downcutting of stream
valleys has occurred, eroding older glacial sediments and rede-
positing them on flood plains as stream alluvium. Wetlands have
developed in low, poorly drained areas. Human activity has
modified the landscape. Dams on Mousam Lake, Mill Pond,
Stump Pond and Number 1 Pond maintain artificially high lake
levels, flooding shoreline deposits. Highway construction,
gravel pit excavation and landfills have locally altered the land-
scape.
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APPENDIX A

GLOSSARY OF TERMS USED ON MAINE GEOLOGICAL SURVEY
SURFICIAL GEOLOGIC MAPS

compiled by
John Gosse and Woodrow Thompson

Note: Terms shown in italics are defined elsewhere in the glossary.

Ablation till: /] formed by release of sedimentary debris
from melting glacial ice, accompanied by variable amounts of
slumping and meltwater action. May be loose and stony, and
contains lenses of washed sand and gravel.

Basal melt-out till: 7!/ resulting from melting of debris-
rich ice in the bottom part of a glacier. Generally shows crude
stratification due to included sand and gravel lenses.

Clast: pebble-, cobble-, or boulder-size fragment of rock
or other material in a finer-grained matrix. Often refers to stones
in glacial till or gravel.

Clast-supported: refers to sediment that consists mostly
or entirely of clasts, generally with more than 40% clasts. Usu-
ally the clasts are in contact with each other. For example, a
well-sorted cobble gravel.

Delta: abody of sand and gravel deposited where a stream
enters a lake or ocean and drops its sediment load. Glacially de-
posited deltas in Maine usually consist of two parts: (1) coarse,
horizontal, often gravelly topset beds deposited in stream chan-
nels on the flat delta top, and (2) underlying, finer-grained, in-
clined foreset beds deposited on the advancing delta front

Deposit: general term for any accumulation of sediment,
rocks, or other earth materials.

Diamicton: any poorly-sorted sediment, containing a
wide range of particle sizes, e.g. glacial #/l.

Drumlin: an elongate oval-shaped hill, often composed of
glacial sediments, that has been shaped by the flow of glacial ice,
such that its long axis is parallel to the direction of ice flow.

End moraine: a ridge of sediment deposited at the margin
of a glacier. Usually consists of till and/or sand and gravel in
various proportions.

Englacial: occurring or formed within glacial ice.
Eolian: formed by wind action, such as a sand dune.

Esker: aridge of sand and gravel deposited at least partly
by meltwater flowing in a tunnel within or beneath glacial ice.
Many ridges mapped as eskers include variable amounts of sedi-
ment deposited in narrow open channels or at the mouths of ice
tunnels.

Fluvial: Formed by running water, for example by melt-
water streams discharging from a glacier.

Glaciolacustrine: refers to sediments or processes involv-
ing a lake which received meltwater from glacial ice.
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Glaciomarine: refers to sediments and processes re-
lated to environments where marine water and glacial ice were in
contact.

Head of outwash: same as outwash head.

Holocene: term for the time period from 10,000 years ago
to the present. It is often used synonymously with “postglacial”
because most of New England has been free of glacial ice since
that time.

Ice age: see Pleistocene.

Ice-contact: refers to any sedimentary deposit or other
feature that formed adjacent to glacial ice. Many such deposits
show irregular topography due to melting of the ice against
which they were laid down, and resulting collapse.

Kettle: a depression on the ground surface, ranging in out-
line from circular to very irregular, left by the melting of a mass
of glacial ice that had been surrounded by glacial sediments.
Many kettles now contain ponds or wetlands.

Kettle hole: same as kettle.
Lacustrine: pertaining to a lake.

Late-glacial: refers to the time when the most recent gla-
cial ice sheet was receding from Maine, approximately 15,000-
10,000 years ago.

Late Wisconsinan: the most recent part of Pleistocene
time, during which the latest continental ice sheet covered all or
portions of New England (approx. 25,000-10,000 years ago).

Lodgment till: very dense variety of till, deposited be-
neath flowing glacial ice. May be known locally as “hardpan.”

Matrix: the fine-grained material, generally silt and sand,
which comprises the bulk of many sediments and may contain
clasts.

Matrix-supported: refers to any sediment that consists
mostly or entirely of a fine-grained component such as silt or
sand. Generally contains less than 20-30% clasts, which are not
in contact with one another. For example, a fine sand with scat-
tered pebbles.

Moraine: General term for glacially deposited sediment,
but often used as short form of “end moraine.”

Morphosequence: a group of water-laid glacial deposits
(often consisting of sand and gravel) that were deposited more-
or-less at the same time by meltwater streams issuing from a par-
ticular position of a glacier margin. The depositional pattern of
each morphosequence was usually controlled by a local base
level, such as a lake level, to which the sediments were trans-
ported.

Outwash: sediment derived from melting glacial ice, and
deposited by meltwater streams in front of a glacier.

Outwash head: the end of an outwash deposit that was
closest to the glacier margin from which it originated. Ice-
contact outwash heads typically show steep slopes, kettles and
hummocks, and/or boulders dumped off the ice. These features
help define former positions of a retreating glacier margin, espe-
cially where end moraines are absent.

Pleistocene: term for the time period between 2-3 million
years ago and 10,000 years ago, during which there were several
glaciations. Also called the “Ice Age.”

Proglacial: occurring or formed in front of a glacier.

Quaternary: term for the era between 2-3 million years
ago and the present. Includes both the Pleistocene and Holo-
cene.

Striation: a narrow scratch on bedrock or a stone, pro-
duced by the abrasive action of debris-laden glacial ice. Plural
form sometimes given as “striae.”

Subaqueous fan: a somewhat fan-shaped deposit of sand
and gravel that was formed by meltwater streams entering a lake
or ocean at the margin of a glacier. Similar to a delta, but was not
built up to the water surface.

Subglacial: occurring or formed beneath a glacier.

Till: a heterogeneous, usually non-stratified sediment de-
posited directly from glacial ice. Particle size may range from
clay through silt, sand, and gravel to large boulders.

Topset/foreset contact: the more-or-less horizontal
boundary between topset and foreset beds in a delta. This
boundary closely approximates the water level of the lake or
ocean into which the delta was built.





