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IN TRO DUC TION

Map ping of sur fic ial ge ol ogy in the Wa ter boro quad ran gle
was car ried out dur ing the sum mer of 1990, as part of the CO -
GEO MAP Pro gram of the Maine Geo logi cal Sur vey and the
U.S. Geo logi cal Sur vey.  As part of this proj ect, two 1:24,000
maps were pre pared:  a sur fic ial ma te ri als map (Meglioli, 1998)
which shows the thick ness, tex ture, and com po si tion of sur fic ial
ma te rial at points where the ob ser va tions were made, and a sur -
fic ial geo logic map (Meglioli, 1999c) which shows the dis tri bu -
tion of geo logic units and fea tures that can help to re con struct the 
gla cial and post gla cial geo logic his tory of the quad ran gle.  The
sur fic ial de pos its mapped in the Wa ter boro quad ran gle are de -
scribed in de tail in this re port.

PREVIOUS  WORK

Sur fic ial de pos its in the Wa ter boro quad ran gle were
mapped at a scale of 1:62,500 by Smith and Thomp son (1977)
based on re con nais sance field map ping and air photo in ter pre ta -
tion.  The in for ma tion was used to pre pare a re con nais sance sur -
fic ial geo logic map of the Bux ton 15- minute quad ran gle (1977)
and was later in cor po rated in the Sur fic ial Geo logic Map of
Maine (Thomp son and Borns, 1985a).  The ele va tion of gla -
cioma rine del tas and other in di ca tors of the ma rine limit were
meas ured and re ported by Thomp son and others, 1989.

INVESTIGATION  PROCEDURES

Field ob ser va tions were made by the pres ent author in nu -
mer ous ac tive and in ac tive gravel pits, build ing ex ca va tions, and 
road cuts through out the area.  This in for ma tion was com ple -
mented with field de scrip tions of bed rock out crops and sur fic ial
de pos its.  Sub sur face in for ma tion was ob tained through the use
of hand augers and shov els, and from the analy sis of bor ing logs
pro vided by the Maine De part ment of Trans por ta tion.  The
analy sis of aer ial pho to graphs was use ful in re fin ing the con tacts

of wet land ar eas and ter race scarps.  Gla cially stream lined hills
and ice- contact de pos its, in clud ing mo raines and es ker ridges,
were in ferred from the analy sis of air pho tos and topo graphic
maps.  Their iden tity was later con firmed by field work.  All col -
ors men tioned in the de scrip tion of soils and sedi ments were de -
scribed ac cord ing to the Mun sell Soil Color Chart, 1990 Edi tion.

LOCATION  AND  GENERAL  PHYSIOGRAPHY

The study area is the Wa ter boro 7.5- minute quad ran gle, lo -
cated in York County, south west ern Maine (Fig ure 1).  The Wa -
ter boro quad ran gle ex tends from 43o 30'N to 43o 37'30"N and
from 70o 37'30"W to 70o 45'W and cov ers an area of 54 square
miles (ap proxi mately 142 square kilo me ters).  

Ele va tions in the study area range from 270 feet above sea
level (ASL) at South Hol lis, on the east side of the quad ran gle, to
1,028 feet ASL on the un named moun tain just south of Os sipee
Hill, in the north west cor ner of the quad ran gle.  Maxi mum lo cal
re lief is ap proxi mately 700 feet, be tween the sum mit of this
mountain and Lit tle Os sipee Pond.  Most of the quad ran gle is
char ac ter ized by mod er ately high topo graphic re lief.  The topo -
graphic gra di ent de creases mark edly from north west to south -
east.  

Bed rock out crops are scat tered through out the area, such
as along the west ern bor der of Lit tle Os sipee Pond.  The quad -
ran gle is cov ered by un con soli dated sedi men tary de pos its of
Qua ter nary age of vari able thick ness, with the cen tral part pre -
sent ing a low area oc cu pied by wet lands and ponds, in clud ing
Lit tle Os sipee, Rob erts, Bun ganut, Ken nebunk, and Swan
Ponds.  Sev eral bed rock ridges are cov ered with only a thin ve -
neer of till.  The whole study area has a drain age pat tern char ac -
ter ized by a poorly in te grated drain age net work with many small
streams and brooks slug gishly flow ing pre domi nantly to the
south - south east.  Some of the ponds are closed ba sins with cen -
tripe tal drain age.  
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Fig ure 1.  Lo ca tion map of the Wa ter boro quad ran gle, York County, Maine.  
        Line marked M.L. indicates the limit of marine transgression.



BEDROCK GEOLOGY

The dis tri bu tion of the bed rock units in the Wa ter boro and
neigh bor ing quad ran gles was mapped by Hussey (1985).  Bed -
rock out crops ex posed in the study area in clude a va ri ety of ig ne -
ous and meta mor phic rocks.  Meta mor phic li tholo gies in clude
rocks of the Vas sal boro for ma tion that range in age from Or do vi -
cian to lower Si lu rian, and gneiss and mar ble of the Shapleigh
Group.  Ig ne ous li tholo gies are rep re sented by the Ly man plu ton
com posed pri mar ily of in tru sive rocks such as two- mica gran ites 
of Mis sis sip pian age.  The rocks found in the area and their ages
are (Hussey, 1985):

Vas sal boro For ma tion: Thin to me dium (2- 30 cm) bed ded, 
fine to me dium grained, quartz- plagioclase- biotite- hornblende
grano fels and slightly schis tose grano fels.  The Vas sal boro For -
ma tion is re garded to be Or do vi cian to Lower Si lu rian in age.

Shapleigh Group: Rep re sented by a lower un named sub-
 unit at the base of the lower Rindge mere For ma tion.  It is de -
scribed as a thin, dis con tinu ous quartz- feldspar- biotite and
calc- silicate grano fels.

Ly man Plu ton:  The Ly man plu ton is litho logi cally char ac -
ter ized by fine- grained, light gray, weakly to mod er ately fo li ated 
biotite- muscovite gran ite. Peg ma tite bod ies are com mon
through out the area.

Rocks of the Vas sal boro For ma tion and Shapleigh Group
have un der gone sev eral phases of de for ma tion that re sulted in
fold ing and thrust ing.  Ma jor struc tures in the area are chiefly
ori ented north- south.  Sev eral plung ing folds iden ti fied in the
area are clearly re lated to the em place ment of the Ly man plu ton.

SURFICIAL DEPOSITS

The quad ran gle is al most com pletely cov ered by a blan ket
of gla cial, gla cio flu vial, and gla cio la cus trine sedi ments, which
are be lieved to be mainly re lated to the last gla cial ad vance and
retreat over the area dur ing late Wis consi nan time.  The com po -
si tion and dis tri bu tion of the mapped sur fic ial units are briefly
de scribed in the fol low ing para graphs.

Thin Drift

Many up land ar eas in the quad ran gle mapped as Pt (Pleis -
to cene till) have a gen er ally thin cover of sur fic ial sedi ments and
are shown on the map with a hori zon tal ruled pat tern.  These ar -
eas are chiefly un der lain by till de pos its less than ten feet in
thick ness.  In the field many of these ar eas are char ac ter ized by
an abun dance of bed rock out crops.  Of ten the un der ly ing struc -
ture of the bed rock is dis tin guish able on air pho tos.  In ar eas with
very thin drift cover, the till ma trix is al most ab sent and the de -
pos its are lim ited to large an gu lar boul ders.  Only two stri ated
bed rock sur faces were found in the quad ran gle.  The first, lo -
cated near the south ern end of Deer ing Ridge has a meas ured azi -
muth of 140 de grees (S40E); the sec ond lo cal ity is Os sipee Hill,
with a meas ured azi muth of 160 de grees (S20E). These striae in -

di cate a gen eral flow di rec tion of gla cial ice from north west to
south east.

Wis consi nan Till

Till (map unit Pt), which typi cally is a non- sorted, non-
 stratified sedi ment de pos ited by a gla cier, oc curs through out the
quad ran gle, es pe cially in high-ele va tion ar eas.  The main cri te -
rion for sepa rat ing the thicker till de pos its from thin drift ar eas is
the ab sence of bed rock out crops and gen er ally a more sub dued
to pog ra phy.

Two kinds of ge neti cally dif fer ent till de pos its were rec og -
nized in the study area.  Lodge ment till, con sist ing of a dark gray
to blu ish gray, very well con soli dated, fis sile, silt- rich dia mic ton, 
was found in few lo cali ties.  Con firmed lodg ement till de pos its
were too small to map, and were usu ally found at the base of the
sedi men tary pile, plas tered against bed rock.  Al though not sys -
tem ati cally meas ured, a pre ferred ori en ta tion or fab ric of stones
is evi dent in the lodg ement tills.  The most com mon type of till is
rep re sented by a loose to mod er ately com pact sandy- silty dia -
mic ton of light brown to dark yel low (oxi dized) color, which
con sists of a non- sorted, non- stratified mix ture of silt, sand, peb -
bles, cob bles, and boul ders with no ob vi ous fab ric. Clay- size
sedi ment is mostly ab sent.  In some places this till evi dences
weath er ing and oxi da tion to a yellow- orange color.  Fresh un -
weath ered till is typi cally dark gray to ol ive in color.  The mor -
phol ogy as well as the sedi men tary char ac ter is tics sug gest that
most of the till unit can be clas si fied as an ab la tion till.  The li -
thol ogy of the till in the Wa ter boro quad ran gle is largely de rived
from the lo cal bed rock.  Large (1m) gran itic boul ders are com -
mon through out the area.  To some ex tent the ran dom dis tri bu -
tion of the boul ders may in di cate lag de pos its left be hind af ter
the finer ma te rial was car ried away by gla cial melt wa ter.  The an -
gu lar ity of the boul ders in di cates that they have not been trans -
ported great dis tances from their source.  Ac cu mu la tions of
boul ders oc cur in lower ar eas or on hill sides.  Huge boul ders (3m 
across) are abun dant to the west of Swan Pond, and to the north
of Grant Hill.  Where till thick ness is great est, the mor phol ogy of 
the land sur face is char ac ter ized by a hum mocky to pog ra phy
(map unit Phm).  The till in the hum mocky ar eas gen er ally con -
sists of a sandy, mas sive and poorly con soli dated, non- stratified
dia mic ton.  Pock ets of well strati fied gla cio flu vial de pos its, and
oc ca sion ally gla cio la cus trine de pos its, are com mon within the
till unit.  Where the strati fied de pos its are large enough to be dif -
fer en ti ated at the scale of the quad ran gle, they were mapped
sepa rately as strati fied drift (map units Pgi, Pgo, etc.).  

It is in ferred that most of the till in this area was de pos ited
by the last ma jor gla cia tion and de gla cia tion of Maine, re ferred
to here as the late Wis consi nan gla cia tion.

Pleis to cene End Mo raines

End mo raines (Pem) were mapped chiefly on the ba sis of
air photo in ter pre ta tion and topo graphic map analy sis, al though
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most lo cali ties were field checked.  Most of the end mo raines are
lo cated in the cen tral to southern parts of the quad ran gle. An -
other clus ter of mo raines is lo cated in the north east cor ner of the
quad ran gle; and a short mo raine ridge was rec og nized in the
south east cor ner of the quad ran gle, near the east ern out let of
Ken nebunk Pond.  These end mo raines con sist of till ridges
formed at the ice mar gin.

Most mo raine ridges in the study area are small, with
heights rarely ex ceed ing 4 me ters (12 feet), widths on the or der
of 30 me ters (100 feet), and lengths of ap proxi mately 300 me ters
(usu ally less than 1,000 feet).  The ridges are gen er ally ori ented
from south west to the north east, par al lel to the re gional trend of
mo raines in this part of Maine.  That di rec tion is per pen dicu lar to 
the pre domi nant ice flow di rec tion in the Wa ter boro quad ran gle.
Most ex po sures of unit Pem showed till with lesser amounts of
ice- contact sand and gravel, with the water- laid sedi ments gen -
er ally lo cated on the flanks of the mo raine ridges.  Mo raines have 
been used to re con struct the ice mar ginal po si tions in di cated on
the map.

Gla cio flu vial and Gla cio la cus trine Sedi ments

Gla cio flu vial sedi ments are de pos ited by gla cial melt wa ter
streams.  Gla cio flu vial sedi ments in the Wa ter boro quad ran gle
in clude es kers and es kers sys tems (map unit Pge), out wash sand
and gravel (map unit Pgo), and ice- contact sedi ments (map unit
Pgi).  Gla cio la cus trine sedi ments (de pos ited in lakes ad ja cent to
gla cial ice) are pres ent in the area as la cus trine del tas (Plad).
How ever, del tas are ge neti cally dis tinct and will be de scribed in
a sepa rate sec tion.  

Es ker ridges (map unit Pge) are sinu ous ridges com prised
of mas sive to well strati fied sand, wa ter worn cob ble-peb ble
gravel, and sub or di nate boul ders, which formed in tun nels
within or un der neath gla ciers.  The de pos its com monly form
ridges of highly vari able length.  The most promi nent es ker sys -
tem crosses the quad ran gle di ago nally from the north west to the
south east.  Its con tinua tion to the north can be found in the Lake
Ar row head area of the Lim ing ton quad ran gle (Meglioli,
1999a,b).  It can be eas ily rec og nized on maps and air pho tos in
Rob erts Pond, where one of the ridges forms a long nar row is -
land in the mid dle of the pond.  This es ker sys tem in the Wa ter -
boro quad ran gle is rather frag mented and can be traced for
ap proxi mately 10 kilo me ters.  The maxi mum meas ured ridge
ele va tion is 20 me ters above the sur round ing ter rain  at Rob erts
Pond.  Shorter es ker ridges have also been rec og nized run ning
par al lel to the main es ker.  This es ker sys tem will be re ferred to
here as the Ar row head es ker.  Some very good ex po sures found
in gravel pits near the town of East Wa ter boro and in the vi cin ity
of Lit tle Os sipee Pond re vealed that the lo cal es ker ridges are
com posed of well- bedded gravel with sub rounded cob bles and
boul ders. Some of the boul ders are larger than 2 me ters in di ame -
ter.  The ma trix is com posed of fine gravel to very coarse sand.
Pock ets of very fine to me dium, well- sorted sand are com mon.
High- angle nor mal faults were ob served on the sides of the es -

kers.  Typi cally es kers oc cupy low lands and val leys; the ridges
are usu ally in ter rupted where the sub gla cial streams crossed
knobs and high lands.  The gen eral di rec tion of the es kers in the
quad ran gle is co in ci dent with the pre domi nant ice flow di rec tion 
in the area.  That is north- south near the north ern bound ary of the 
Wa ter boro quad ran gle and northwest- southeast in the cen tral to
south ern por tion of the study area.

Out wash sand and gravel (unit Pgo) were mapped in large
ar eas of the quad ran gle.  The most promi nent out wash de posit is
an out wash plain.  Proxi mal (near- ice) out wash de pos its are lo -
cated im me di ate ly to the south of Lit tle Os sipee Pond, and are
char ac ter ized by very well- rounded cob bles and small boul ders,
with coarse ma trix.  At the pond shore the out wash de pos its
reach an ele va tion of 310 feet ASL and they drop 40 feet south -
ward to wards the town of Wa ter boro, where the plain reaches an
ele va tion of ap proxi mately 276 feet ASL.  Dis tal out wash de pos -
its are in cised into and stra tigraphi cally over lie delta de pos its
near Wa ter boro.  The dis tal out wash de pos its are char ac ter ized
by finer gravel, and small, very well- rounded peb bles and cob -
bles.  Boul ders are ab sent. South of Wa ter boro, the out wash de -
pos its nar row con sid era bly bef ore end ing at Shaker Pond.  Other
smaller de pos its of out wash where rec og nized in the cen tral part
of the quad ran gle.  Ex po sures re vealed de pos its com posed pre -
domi nantly of me dium to coarse gravel with a sandy ma trix.  The 
grain size de creases mark edly from north to south.

Ice- contact strati fied sedi ments (unit Pgi) are pre domi -
nantly sandy gravel and grav elly sand that has been de pos ited in
con tact with gla cial ice.  Al though the ma jor ity of these de pos its
were formed in con tact with the gla cier mar gin, ice- contact de -
pos its were also de pos ited next to iso lated ice blocks sepa rated
from the main gla cier, and there fore are found around ket tle
lakes.  Ice- contact de pos its were found around the mar gins of
Rob erts, Swan, Bartlett, and Lit tle Os sipee Ponds.  Some of
these de pos its show col lapse structures and are as so ci ated with
ice- disintegration and stag na tion fea tures.  Ice- contact de pos its
are as so ci ated with es ker ridges in the Rob erts Pond area, and
around Lit tle Os sipee Pond.  Ket tles in the out wash are the con -
se quence of the melt ing of bur ied ice blocks.

Gla cio la cus trine De pos its

Gla cio la cus trine de pos its (map unit Plad)  have been iden -
ti fied in the Wa ter boro quad ran gle around Lit tle Os sipee Pond,
and around Lake Ar row head in the Lim ing ton quad ran gle to the
north.  La cus trine delta sedi ments typi cally form flat ar eas un -
der lain by coarse to me dium sand, with lesser amounts of me -
dium to fine gravel com monly in ter bed ded as lenses within the
sand.  The gen eral ori en ta tion of the fore set beds in the gla cial
Lake Ar row head delta in di cate a pre domi nant sedi ment trans -
port to the south east.  The vil lage of North Wa ter boro is lo cated
on this delta, which is the only la cus trine delta rec og nized in the
quad ran gle.  The av er age ele va tion of the delta top is 350 feet asl. 
The gla cio la cus trine de pos its in the Lit tle Os sipee Pond area ex -
tend to the north into the Ar row head Lake area of the Lim ing ton
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quad ran gle.  In the Lim ing ton quad ran gle this gla cial lake has
been named gla cial Lake Ar row head (Meglioli, 1999a,b).
There fore this name will be also util ized in this re port.

The Lake Ar row head del taic de pos its ex tend to the north
into the Lim ing ton quad ran gle, where they con nect with es ker
de pos its, which would in di cate that this gla cio la cus trine delta
was esker- fed.  The stra tigraphic re la tion ship be tween the del tas
and the es ker was not com pletely es tab lished.  Some es ker ridges 
are higher than the sur round ing delta plain; how ever in the Lake
Arr row head area the in verse has been ob served, with del taic de -
pos its over lap ping es ker ridges.  

Gla cial Lake Ar row head formed north of an ice block cen -
tered at Lit tle Os sipee Pond.  Here the ice dam melted gradu ally
while the main gla cier re treated north ward from the quad ran gle.
The ele va tion and po si tion of gla cio la cus trine del tas pro vide in -
for ma tion needed for the re con struc tion of ice mar gins dur ing
de gla cia tion (Ko teff and Pessl, 1981).  Probable spill ways for at
least two gla cial lake lev els have been iden ti fied on the ba sis of
chan nel fea tures and spill way ele va tions cor rela tive to delta sur -
faces for a par ticu lar lake level.  An early spill way for gla cial
Lake Ar row head was lo cated to the east of Lit tle Os sipee Pond
and to the north of Rob erts Ridge at an ele va tion of ap proxi -
mately 340 feet ASL.  Topset de pos its of the Lake Ar row head
delta were ex posed dur ing the op era tion of the gravel pit on the
east ern side of the pond, but have been largely re moved.  Coarse
topset de pos its were rec og nized here.  The sec ond pos si ble spill -
way is at the south ern tip of Lit tle Os sipee Pond at an ele va tion of 
about 320 feet, al though this out let may have been blocked by
rem nant ice in the pond ba sin.  Here, finer- grained topset de pos -
its were ex am ined dur ing field map ping.  A third la cus trine level, 
not rec og nized in the Wa ter boro quad ran gle, formed to the north
when the east ern side of Lake Ar row head was dammed dur ing
con tinu ous re treat of the gla cier in this area.

The fore set sedi ments of an eroded marine delta plain in the 
Wa ter boro area are over lain un con forma bly by out wash com -
prised of fine gravel and sand.  Un for tu nately no good ex po sures
were found to es tab lish clearly the stra tigraphic re la tion ships.

Gla cioma rine De pos its

Three gla cioma rine del tas (map unit Pmd) were mapped in
the study area:  the South Hol lis delta, a prob able delta north of
Bun ganut Pond, and the much smaller Wa ter boro delta.  De pos -
its of a fourth delta, the Ken nebunk delta, were iden ti fied in the
south east cor ner of the quad ran gle and are in di cated on the map.
How ever, most of the Ken nebunk delta de pos its are lo cated in
the Al fred quad ran gle to the south.  The av er age ele va tion of the
eastward- sloping sur face of the South Hol lis delta is ap proxi -
mately 280 feet asl.  No con tact be tween the delta topset and
fore set beds was ex posed in the shal low, aban doned gravel pits
in ves ti gated near the vil lage of South Hol lis.  In ma rine del tas
such as the South Hol lis delta,  the topset- foreset con tact closely
ap proxi mates former sea level in the area.  The pre domi nant
sedi ments on the delta plains are well- bedded, well- sorted, loose

me dium gravel with coarse sandy ma trix.  Peb bles are well
rounded, and boul ders and cob bles al most ab sent.  Beds were
ob served dip ping gen tly to the north east.  Field work re vealed
that the apex of the delta is con nected to an es ker ridge.  To the
south of South Hol lis, the delta topset beds have been di rected by 
the Cooks Brook val ley.  It is pos si ble to ob serve few good ex po -
sures of the me dium to coarse gravel topset beds along the ter -
races of the brook.  The lower ele va tion of the South Hol lis delta
in com pari son to the Wa ter boro delta may be at trib uted to post -
gla cial ma rine ero sion of the up per topset beds.

The Wa ter boro delta is lo cated ap proxi mately one mile
north west of Wa ter boro Vil lage.  An ex po sure ob served in an
aban doned gravel pit lo cated to the south of Straw Mill Brook
Road shows a well de fined topset- foreset con tact.  The ele va tion
of the con tact is 297 feet above pres ent mean sea level.  This ele -
va tion is slightly higher than ex pected from other meas ured ele -
va tions of ma rine del tas in the re gion, and sug gests that this
small delta may ac tu ally have formed in an ice- marginal pond
(Ko teff and oth ers, 1993).  The fore set beds dip 10- 15 de grees to
the south- southeast.  Other similar con tacts were ob served
nearby to the north and to the south.  How ever, the ele va tion of
these con tacts is 10 to 20 feet lower than the con tact meas ured in
the gravel pit.  These seem ingly anoma lous ele va tions may in di -
cated the lower con tact is ac tu ally be tween eroded fore set  beds
and younger out wash de pos its that have re placed the origi nal
delta topset sedi ments.  The out wash de pos its are in set be low the
origi nal delta sur face.  Al ter na tively, the eroded fore set de pos its
could rep re sent sub ma rine fans.

Fine sands, silt, and lesser amounts of clay iden ti fied to the
south of Day ton and east of the Massa be sic Ex peri men tal For est
were mapped as a re gres sive ma rine de posit (map unit Pmrs).
Di rect ob ser va tion in di cates that these sedi ments dis com forma -
bly over lie till.  Clay has been re ported by drill ers and resi dents
through out the area, and may in di cate the pres ence of bur ied ma -
rine muds of the Pre sump scot Formation.

Post gla cial Al lu vium, Shore line,  and Wet land De pos its

A few al lu vial de pos its (map unit Ha) of re stricted areal ex -
tent were iden ti fied in the quad ran gle.  They are al ways as so ci -
ated with mod ern streams and riv ers and usu ally con sist of
re worked gla cial sedi ments char ac ter ized by coarse to me dium
gravel and sand (e.g. along Ham il ton Branch and Carll Branch of 
Shaker Brook).  Peb bles in the grav els are usu ally im bri cated.
Al lu vial de pos its mainly com posed of coarse to fine sand are as -
so ci ated with small flu vial ter races of flat to pog ra phy (map unit
Qst).  The best de vel oped al lu vial ter race is lo cated along side
Cooks Brook.  Some ter races were not mapped be cause of their
small size.  

Holo cene  wet land de pos its were mapped over large ar eas
within the quad ran gle.  They typi cally form in ar eas of poor
drain age.  Some of these wet lands hold wa ter only dur ing the wet 
sea son and af ter snow melt.  Wet land ar eas that are more or less
cov ered with bushes and trees were clas si fied as swamps (map
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unit Hws). Marshes (map unit Hwm) were dis tin guished from
other wet lands by the domi nance of grasses, while heaths (unit
Hwh) are cov ered by shrub vege ta tion.  The larg est wet land is in
the cen tral part of the quad ran gle (The Heath).  Many wet land
bounda ries on the map were ap proxi mated from  aer ial pho to -
graph in ter pre ta tion, so these bounda ries should not be con sid -
ered de fini tive for regu la tory pur poses.

Mod ern lake beach de pos its (map unit Hls) were mapped
on the shores of Ken nebunk Pond.  Other beach de pos its were
too small for map ping at the scale of the quad ran gle.  The la cus -
trine beaches are pre domi nantly com posed of coarse sand and
fine gravel.

Of ten the steeper hill sides are cov ered by a ve neer of col lu -
vium, how ever be cause the col lu vium gen er ally origi nates from
till, it is dif fi cult to dis tin guish the two, and there fore it has not
been mapped in this quad ran gle as a sepa rate unit.  

ICE  FLOW  DIRECTION  IN  THE  WATERBORO
QUADRANGLE

The gla cial ice flow di rec tion in the study area was in ferred
from gla cial striae and stream lined hills.  The azi muths of the
striae meas ured in di cate flow di rec tions rang ing from south east
to south- southeast (140 to 160 de grees).   Re gional ice flow was
from the north west to the south east as in di cated by the gla cial
stria tions and by the ori en ta tion of the long axes of some ice-
 shaped hills, as in di cated on the map.  The pre domi nant ori en ta -
tion of the mo raine ridges (SW- NE), and of the es ker ridges,
supports the domi nant ice flow di rec tion to the south east, and in -
di cates ice with drawal in a gen eral north to north west di rec tion.
These ice flow di rec tions are in ter preted as re cord ing late Wis -
consi nan ice flow, since no evi dence of earlier gla cia tion was
found in the Wa ter boro quad ran gle.

GLACIAL  AND  POSTGLACIAL  HISTORY

As noted above, the gla cial de pos its of the Wa ter boro
quad ran gle pro vide evi dence of only one epi sode of gla cia tion,
al though it is al most cer tain that Maine was af fected by more
than one gla cia tion.  The de pos its in the quad ran gle are at trib -
uted to the late Wis consi nan gla cia tion, which was the most re -
cent gla cial epi sode.

Re gional stud ies in di cate that ice en tirely cov ered the Gulf
of Maine dur ing the last gla cial ad vance.  Ice re treat be gan ap -
proxi mately 17,000 yr B.P. and al though ra dio car bon dates in di -
cat ing the time of de gla cia tion are not avail able from the
Wa ter boro quad ran gle, dates ob tained from nearby ar eas in di -
cate that the study area was al most com pletely ice- free by about
13,000 yr B.P. (Smith, 1985; Thomp son, 1982; Thomp son and
Borns, 1985b).  Most sand and gravel de pos its in the Wa ter boro
quad ran gle were formed dur ing the recession of the last Wis -
consi nan ice sheet.  Ice mar gin po si tions in di cated by gla cioma -
rine del tas and mo raines sug gest that gla cier re treat was not
con tinu ous; rather, it was in ter rupted by still stands, and per haps

minor lo cal read vances.  Mar ginal stag na tion oc curred, as in di -
cated by fea tures such as ket tles.

The weight of the ice caused sub si dence of the land mass of 
more than 100 me ters (330 feet).  As the gla cier ice thinned and
re treated, the At lan tic Ocean in un dated the sub sided land
(Bloom, 1960; Stuiver and Borns, 1975; Smith, 1985).  Ice-
 contact gla cioma rine del tas in di cate that in the south ern and
east ern parts of the quad ran gle the re ced ing gla cier was in con -
tact with the sea.  Del taic deposits sug gest that the in land limit of
late- glacial ma rine sub mer gence is lo cated in Wa ter boro, and not 
east of South Hol lis as shown on the Sur fic ial Geo logic Map of
Maine (Thomp son and Borns, 1985a).

The ab sence of ma rine shore lines sug gests that post gla cial
up lift of the land was rapid.  The ice thinned and re treated, de -
pos it ing coarse de bris as till and out wash gravel.  Lo cal stag na -
tion, with the for ma tion of debris- covered ice blocks, formed
many of the ponds and ket tles in the area.  The stra tigraphic po si -
tions of the es ker ridges in di cate that most of the ac tiv ity re lated
to the for ma tion of es kers and esker- fed del tas oc curred dur ing
de gla cia tion.  The dis tri bu tion of ice- contact de pos its sug gests
that the po si tion of the gla cier mar gin was strongly con trolled by
the lo cal to pog ra phy.  To pographi cally higher ar eas were free of
ice bef ore the low lands, and melt wa ter ac tiv ity was then con cen -
trated along the val leys.  This can be ob served in the dis tri bu tion
of sand and gravel de pos its.  Mo raine ridges lo cally in di cate ice
mar ginal po si tions, that is still stand po si tions dur ing de gla cia -
tion.

Till con tin ued to be de pos ited as ice melted across the
quad ran gle, and in some ar eas de tached ice blocks were left by
the rap idly re treat ing gla cier.  The ice blocks cov ered by gla cial
sedi ments slowly melted, form ing ket tle lakes (e.g. Bartlett
Pond).  Es ker ridges were de pos ited in sub gla cial and en gla cial
tun nels.  The es ker tun nels also fed sedi ment to pro gla cial wa ter
bod ies form ing del tas (e.g. South Hol lis delta).  

The ad vanc ing sea pro gres sively in un dated the south ern
por tion of the quad ran gle reach ing ele va tions close to 91 m (300
ft) in the Wa ter boro area.  Gla cial lakes formed in front of the
gla cier where rem nant ice bod ies or the ad ja cent ter rain blocked
the drain age of melt wa ter.  Gla cio la cus trine del tas formed (e.g.
Lake Ar row head delta com plex), and once the ice block age dis -
ap peared, out wash de pos its were laid down.

Post gla cial ac tiv ity in the area includes ero sion caused by
the in ci sion of the lo cal drain age net work, which was proba bly
en hanced by up lift re sult ing from glacio- isostatic re bound.  Ero -
sion of the gla cial de pos its pro vided ma te rial for the depo si tion
of stream al lu vium and ter races.  Low, poorly drained ar eas fa -
vored the for ma tion of wet land de pos its.  Most of these de pos its
are still form ing to day.  
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