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IN TRO DUC TION

Map ping of the sur fic ial ge ol ogy of the Lim ing ton 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.  Two 1:24,000- scale maps were pre -
pared:  a sur fic ial ma te ri als map (Meglioli and Thomp son,
1998) which shows the thick ness, tex ture, and com po si tion of
sur fic ial sedi ments at points where ob ser va tions were made, and
a sur fic ial geo logic map (Meglioli and Thomp son, 1999) 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 his tory of the
quad ran gle.  The sur fic ial de pos its mapped in the Lim ing ton
quad ran gle are de scribed in this re port.  

PREVIOUS  WORK

In the late 1970's, G. W. Smith and W. B. Thomp son
mapped sur fic ial de pos its in the Lim ing ton quad ran gle at a scale
of 1:62,500 based on re con nais sance field work and aer ial pho -
to graph in ter pre ta tion.  Their 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 (Smith and Thomp son, 1977) and was in cor po rated
in the Sur fic ial Geo logic Map of Maine (Thomp son and Borns,
1985a).  The ele va tions of del tas and other in di ca tors of the late-
 glacial ma rine sub mer gence were meas ured and re ported by
Thomp son and oth ers (1989).

INVESTIGATION  PROCEDURES

Sev eral types of field ex po sures pro vided data on sur fic ial
sedi ments in the study area.  Ob ser va tions were made in nu mer -

ous ac tive and in ac tive gravel pits, build ing ex ca va tions, and
road cuts through out the quad ran gle.  In ad di tion to stra tigraphic
in for ma tion from these sites, the authors re corded lo ca tions of
bed rock out crops and the mor phol ogy and other char ac ter is tics
of the sur fic ial de pos its.  Sub sur face in for ma tion was ob tained
through the use of a shovel and hand auger, and from analy sis of
bor ing logs pro vided by the Maine De part ment of Trans por ta -
tion.  Ad di tional sub sur face data came from sand and gravel aq -
ui fer map ping by Tol man and Lanc tot (1985).  

The analy sis of aer ial pho to graphs at a scale 1:20,000 was
use ful in re fin ing bounda ries of wet land ar eas and lo cat ing ter -
race scarps.  Gla cially stream lined hills and ice- contact fea tures,
in clud ing ket tles and es ker ridges, were mapped in part from air
pho tos and topo graphic map con tours.  Geo logic con tacts
mapped in the field were plot ted on a 1:24,000 topo graphic map
of the Lim ing ton quad ran gle with a con tour in ter val of 10 feet.
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  PHYSIOGRAPHY

The study area is the Lim ing ton 7.5- minute quad ran gle, lo -
cated in York and Cum ber land Coun ties in south west ern Maine
(Fig ure 1).  The Saco River sepa rates these coun ties in the map
area.  The Lim ing ton quad ran gle ex tends in lati tude from
43o37'30"N to 43o45'N, and in lon gi tude from 70o37'30"W to
70o45'W, and cov ers an area of 54 square miles (ap proxi mately
142 square kilo me ters).  
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The gen eral physi og ra phy of the area is an un du lat ing ter -
rain with many hills largely con cen trated in the north west cor ner
of the quad ran gle, where the high est ele va tion is 1,058 ft (322 m) 
above sea level (asl) just west of Libby Moun tain.  The low est
ele va tion is ap proxi mately 180 ft (55 m) asl, which is the level of
the Saco River in the north east part of the quad ran gle.  Maxi mum 
lo cal re lief is ap proxi mately 600 ft (183 m), in the west ern part of 
the quad ran gle.  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, par ticu larly in the north west ern part of the
quad ran gle.  Be tween the bed rock ridges are Qua ter nary de pos -
its of vari able thick ness.

There are a few gla cially sculpted northwest- southeast
trend ing bed rock ridges in the quad ran gle.  In places these ridges 
are cov ered with only a thin ve neer of till and re worked sedi -
ments (e.g. col lu vium).  An ex am ple is Isin glass Hill, in the
south- central por tion of the quad ran gle.

Much of the south ern por tion of the Lim ing ton quad ran gle
shows a land scape char ac ter ized by ice- disintegration fea tures
re sult ing from de gla cia tion, such as ket tle holes, ice- contact del -
tas, and es ker ridges.  Nu mer ous ponds and swamps are pres ent
in the quad ran gle, such as Kil lick, Deer, and Doles Ponds.  The
south west ern cor ner of the quad ran gle is oc cu pied by Lake Ar -
row head.  The whole study area has a com pli cated and poorly in -
te grated drain age net work.  The ma jor streams in the quad ran gle
are the Saco and Lit tle Os sipee Riv ers.  The val leys of these riv -
ers con tain sev eral ter races, aban doned stream chan nels, and
steep scarps mark ing former courses of the riv ers.  As a con -
sequence of lat eral west ward ero sion of the Saco River, south of
East Lim ing ton, a dis tance of only about 800 ft (244 m) sepa rates 
the south- flowing Saco River from the north- flowing Lit tle Os -
sipee River.  The slug gish drain age of the Lit tle Os sipee River is
par tially the con se quence of sev eral ar ti fi cial dams built along
the river up stream from the study area.  

BEDROCK  GEOLOGY

The bed rock units in the Lim ing ton and neigh bor ing quad -
ran gles were mapped by Hussey (1985).  Bed rock ex posed in the 
study area con sists al most ex clu sively of ig ne ous fel sic plu tons
and sub or di nate meta mor phic rocks.  Meta mor phic li tholo gies
in clude rocks of the Vas sal boro and Wind ham For ma tions rang -
ing in age from Or do vi cian to De vo nian, and gneiss and mar ble
of the lower mem ber of the Rindge mere For ma tion, the ba sal
for ma tion of the Shapleigh Group.  Ig ne ous li tholo gies are rep -
re sented by an un named plu ton com posed pri mar ily of two- mica 
gran ites of Early De vo nian age.  The bed rock units and their ages 
are (Hussey, 1985): 

Shapleigh Group:  Rep re sented by the lower mem ber of
the Rindge mere For ma tion.  It is de scribed as a thin, dis con tinu -
ous, slightly mig ma tized, rusty- weathering muscovite- biotite-
 garnet- quartz schist.  It has mar ble bands and its thick ness is
vari able, rang ing from ap proxi mately 4900 to 7900 ft (1500-
 2400 m).

Vas sal boro For ma tion:  Thin to medium- bedded, fine to
medium- grained, quartz- plagioclase- biotite- hornblende grano -
fels and slightly schis tose grano fels.  The Vas sal boro For ma tion
is thought to be Or do vi cian to Lower Si lu rian in age.

Wind ham For ma tion:  The Wind ham For ma tion con sists
of thin- bedded to mas sive, weath ered muscovite- biotite-
 garnet- quartz schist with ky an ite and stauro lite.  The ap proxi -
mate thick ness of the Wind ham For ma tion is 2000 ft (600 m).  It
is placed stra tigraphi cally above the Vas sal boro For ma tion, and
its age is es ti mated to be Early Si lu rian on the ba sis of fos sil con -
tent (Hussey, 1985). 

Un named Plu ton:  A small plu ton in the cen tral part of the
study area is com posed of fine to medium- grained, light gray,
weakly to mod er ately fo li ated bio tite and two- mica gran ite.  Its
es ti mated age is early De vo nian. 

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 bed rock struc tures in the area are
chiefly ori ented north- south.  Sev eral plung ing folds are clearly
re lated to the em place ment of plu tonic bod ies.

SURFICIAL  DEPOSITS

The Lim ing ton quad ran gle is al most com pletely cov ered
by a blan ket of gla cial, gla cio flu vial, gla cioma rine, and gla cio la -
cus trine sedi ments, which were de pos ited dur ing the most re cent 
gla cial ad vance and sub se quent re ces sion across the area in late
Wis consi nan time (ap proxi mately 25,000 to 13,000 years ago in
south west ern Maine).  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, par ticu larly in the
west ern and cen tral parts, have only a thin cover of gla cial till
over ly ing the bed rock.  These ar eas are shown on the map with a
hori zon tal ruled line pat tern.  Here the till cover is gen er ally less
than 10 ft (3 m) in thick ness, and bed rock out crops are lo cally
com mon.  Of ten the un der ly ing struc ture of the bed rock is dis tin -
guish able on air pho tos.  The till ex posed in these thin- drift ar eas
is gen er ally a non- sorted, non- stratified, loose, weath ered dark-
 yellow to dark- brown dia mic ton.  In some ar eas with very thin
drift cover, the till ma trix is al most ab sent and the de pos its are
char ac ter ized by large an gu lar boul ders. 

Till (Pt)

End mo raines were mapped chiefly on the ba sis of air
photo in ter pre ta tion and topo graphic map analy sis.  A clus ter of
mo raine ridges is lo cated in the south east cor ner of the quad ran -
gle.  These end mo raines were de pos ited at suc ces sive po si tions
of the gla cier mar gin dur ing its over all re ces sion.  Most mo raines 
in this part of Maine are small, with heights rarely ex ceed ing 10
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Surficial geology of the Limington quadrangle, Maine

Fig ure 1.  Lo ca tion map of the Lim ing ton quad ran gle, York and Cum ber land Coun ties, Maine.
Line marked M.L. indicates the limit of marine transgression.



ft (3 m), widths on the or der of 100 ft (30 m), and lengths of up to
a few hun dred yards.  The ridges are gen er ally ori ented par al lel
to the former ice mar gin and per pen dicu lar to the lo cal ice flow
di rec tion.  The end mo raines typi cally are com posed of till with
vari able amounts of ice- contact sand and gravel, which is gen er -
ally lo cated on the flanks of the mo raine ridges.  

Es ker De pos its (Pge)

Es kers are ridges of vari able length, com prised of mod er -
ately to well- stratified gravel and sand. The gravel con sists of
wa ter worn cob bles,  peb bles, and sub or di nate boul ders.  Es kers
were de pos ited where melt wa ter flowed in tun nels be neath gla -
cial ice.  Well- defined es ker ridges and as so ci ated ice-
 disintegration de pos its were iden ti fied in the Lim ing ton quad -
ran gle.  There are two es ker trends in the study area: a gen er ally
south east ward di rec tion for some of the es kers in the vi cin ity of
Lake Ar row head, and a south ward trend for es kers in the cen tral
to south- central part of the quad ran gle. 

The most  promi nent es ker sys tem di ago nally crosses the
south west ern cor ner of the quad ran gle from north west to south -
east.  Its con tinua tion to the south can be found in the Lit tle Os -
sipee Pond area of the Wa ter boro quad ran gle (Meglioli,
1999a,b).  To the west the es ker ex tends into the Lim er ick quad -
ran gle.  It can be eas ily rec og nized on maps and air pho tos in the
Lake Ar row head area, where the ridges form long nar row is -
lands and pen in su las in the lake.  The part of this es ker sys tem in
the Lim ing ton quad ran gle can be traced for ap proxi mately three
miles (5 km).  The maxi mum meas ured ridge height is 100 ft (30
m) above the sur round ing ter rain at Lake Ar row head.  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 sys tem.  The geo mor phol ogy of the Lake Ar row -
head area is the di rect con se quence of the frag men tary ridges of
the es ker sys tem and as so ci ated ice- contact land forms.  Here the
es ker sys tem con sists of rather nar row, steep- sided, short and
semi- rectilinear ridges.  The low- lying ar eas now oc cu pied by
the lake and wet lands were for merly filled with melt ing blocks
of gla cial ice.

A sec ond es ker sys tem was rec og nized in the cen tral por -
tion of the quad ran gle.  It starts to the north of Boyd Pond and is
more dis con tinu ous than the Lake Ar row head es ker.  This se ries
of es kers is re ferred to here as the Lim ing ton es ker sys tem.  It can
be traced in the study area for ap proxi mately four miles (6.5 km). 
Its con tinua tion to the south can be found in the Wa ter boro quad -
ran gle, where it joins the Lake Ar row head es ker sys tem.  

In the Isin glass Hill- North Hol lis area in the cen tral part of
the quad ran gle, short es ker seg ments are as so ci ated with gla -
cioma rine del tas.  Some very good ex po sures found in gravel
pits near the Boyd Pond area, and in the vi cin ity of Lake Ar row -
head and Chad bour nes Mills, re vealed that the lo cal es ker ridges
are com posed of sub rounded and well- bedded cob ble to boul der
gravel. Some of the boul ders are larger than 6 ft (2 m) 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 of ten ob served on the sides of the
es kers (Fig ure 2).  De pos its of un sorted gravel show ing col lapse
with ice- disintegration fea tures are com monly as so ci ated with
es ker ridges and were mapped as unit Pgi (see be low).  Typi cally, 
es kers oc cupy low lands and val leys; the ridges are usu ally in ter -
rupted across knobs and high lands.  

Un dif fer en ti ated Ice- Contact De pos its (Pgi) 

Ice- contact strati fied sedi ments are pre domi nantly sandy
gravel and grav elly sand that was de pos ited against melt ing gla -
cial ice.  Al though some of these de pos its formed in con tact with
the mar gin, other ice- contact de pos its formed around ice blocks
sepa rated from the main gla cier.  The melt ing of the ice blocks
pro duced topo graphic de pres sions (ket tles) now oc cu pied in
many cases by ponds and bogs.  In some ket tles, sand is the pre -
domi nant sedi ment.  A good ex am ple of this is Sand Pond.  Ice-
 contact de pos its were found (but not sepa rately mapped) in nar -
row zones around the mar gins of Kil lick, Lily, Wales, and Deer
Ponds.  All these ponds are lo cated in the gla cioma rine delta
com plex in the south east ern part of the quad ran gle.  Ice- contact
de pos its are also as so ci ated with es ker ridges in the Lake Ar row -
head area, and with the Lim ing ton es ker ridges.

Out wash de pos its (Pgo)

As gla cial ice re ceded from the north west ern part of the
quad ran gle, melt wa ter streams de pos ited out wash sedi ments in a 
small un named val ley that drains south west into the Lim er ick
quad ran gle.  These de pos its con sist of sand and gravel, and
proba bly are not very thick.

Gla cio la cus trine Del tas (Plad)

Gla cio la cus trine del tas were mapped in the south ern part
of the Lim ing ton quad ran gle, where they were de pos ited in a
tem po rary wa ter body that is here called gla cial Lake Ar row -
head.  Gla cial Lake Ar row head formed just north of a large ice
block that re mained in Lit tle Os sipee Pond in the Wa ter boro
quad ran gle to the south.  The ice dam melted gradu ally while the
main gla cier mar gin re treated north ward into the Lim ing ton
quad ran gle.  The del tas are usu ally com posed of flat- topped de -
pos its of 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
and cap ping the delta tops.  The ori en ta tion of fore set beds in the
Lake Ar row head del tas in di cates that they built gen er ally in a
south east ward di rec tion.  The Ar row head Es tates are lo cated on
the larg est of these gla cial lake del tas.  The ele va tion of the delta
top in the Lake Ar row head area is 350- 360 ft (107- 110 m) asl.  

The ele va tions of the gla cio la cus trine del tas, such as those
seen around Lake Ar row head, pro vide help ful in for ma tion for
the re con struc tion of former lake lev els dur ing de gla cia tion (Ko -
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teff, 1974; Ko teff and Pessl, 1981).  Prob a ble out let spill ways for 
gla cial Lake Ar row head have been iden ti fied on the ba sis of
chan nel fea tures whose ele va tions are com pati ble with the ele -
va tions of the delta tops (i.e. not higher than the former lake lev -
els).  The first and high est pos si ble spill way for gla cial Lake
Ar row head is lo cated in the Wa ter boro quad ran gle, where there
ap pears to be an aban doned out let chan nel east of Lit tle Os sipee
Pond.  The pres ent ele va tion of this chan nel is about 340 ft (104
m).  

A sec ond spill way for gla cial Lake Ar row head may have
opened at the south ern tip of Lit tle Os sipee Pond (Wa ter boro
quad ran gle) at an ele va tion of ap proxi mately 320 ft (98 m),
when re sid ual ice melted from the pond ba sin.  A third pos si bil ity 
is that the lake drained east ward as ice re treat opened the
bedrock- floored chan nel at 325 ft (99 m), just south of Isin glass
Hill.  There is a scarp about 600 ft (183 m) south of the man made
dam, in di cat ing what is proba bly the fi nal drain age level of the
gla cial lake at an ele va tion of nearly 320 ft (98 m).  This is es sen -
tially the ele va tion of ma rine sub mer gence in the Lit tle Os sipee
val ley, judg ing from ma rine del tas just east of here, so we in fer
that gla cial Lake Ar row head ul ti mately flushed into the en -
croach ing sea.  The bound ary be tween gla cial Lake Ar row head
de pos its and the gla cioma rine delta com plex to the east is not
clear in the field, so the mapped con tacts were in ferred from to -
pog ra phy and rela tive ele va tions.

Sedi ments may have been trans ported to gla cial Lake Ar -
row head by the Ar row head es ker sytem, at least dur ing the early
part of delta for ma tion.  Field evi dence in the Lake Ar row head
area in di cates that the es ker sys tem pre dates at least some parts
of the delta com plex, be cause in places the delta de pos its over lie
es ker ridges trans gres sively.  This trans gres sion is marked by an
un con for mity ob served in a few ex po sures.  This stra tigraphic
re la tion ship was not al ways seen, and per haps in other cases the
es ker and del taic de pos its formed syn chro nously.  It is likely that
the es ker seg ments formed suc ces sively from south to north,
such that the ear lier seg ments were draped by del taic sedi ments
as the lake ex panded.

Gla cial Lake Town Farm de pos its (Pltf1)

Near the north west cor ner of the map area, a nar row val ley
(north of Libby Mtn.) drains north ward into the Steep Falls
quad ran gle.  Gla cial re treat from this val ley re sulted in pond ing
of melt wa ter, form ing gla cial Lake Town Farm (Gosse and
Thomp son, 1999a,b).  The ear li est and high est (Pltf1) stage of
this lake drained through the chan nel at an ele va tion of about 485 
ft (148 m), north of Libby Hill.  A small area of water- laid sedi -
ments as so ci ated with this level of gla cial Lake Town Farm has
been mapped near the north ern edge of the Lim ing ton quad ran -
gle.
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Fig ure 2.  Cross sec tion of an es ker ridge of the Lim ing ton es ker sys tem.  The fea tures and tex tures are com mon to most esker ridges
found in the area.



Gla cioma rine Del tas (Pmdnh, Pmdbp, Pmdnl, Pmd)

Gla cioma rine del tas in the study area in clude three named
del tas, which from south to north are: the North Hol lis delta
(Pmdnh), the Boyd Pond delta (Pmdbp), and the North Lim ing -
ton delta (Pmdnl).  These map units are dis tin guished on the ba -
sis of sub tle dif fer ences in ele va tions and ice- contact land forms,
and in some ar eas their bounda ries are not known with cer tainty.
The un dif fer en ti ated Pmd unit in the Saco Val ley proba bly is a
com plex of sev eral del tas, but it is hard to iden tify them be cause
post gla cial ero sion by the Saco and Lit tle Os sipee Riv ers has ob -
scured the origi nal sur face to pog ra phy.

The apex of the North Hol lis delta (unit Pmdnh) is at 310-
 320 ft (94- 98 m) in the area be tween North Hol lis and Isin glass
Hill.  This delta ap pears to have built east ward into the ma rine
em bay ment in the Saco Low land.  The as so ci ated gla cier mar gin
proba bly trended east- west along the north edge of the delta.
The po si tion of this mar gin is in ferred from the dis tinct chain of
ket tles that ex tends from Isin glass Pond east to Wales and Lily
Ponds.  A cor rela tive ice- margin pos tion has been mapped by
Gosse (1999a,b) at the head of his Pmd4 delta in the ad ja cent
Stan dish quad ran gle, only one mile east- northeast of Wales
Pond.  Short es ker seg ments in the area may in di cate feeder tun -
nels that de liv ered sedi ment to the North Hol lis delta.

The head of the Boyd Pond delta (unit Pmdbp) is thought to 
be lo cated in the vi cin ity of Boyd Pond and Doles Pond.  Just
south of these ponds, there are rem nants of delta tops at about
310 ft (94 m) in ele va tion.  The up per sur face of the Boyd Pond
delta com plex slopes gen tly east ward to 290 ft (88 m) in the area
east of North Hol lis. A con tact be tween the delta topset and fore -
set beds was ex posed in an ac tive gravel pit lo cated next to Boyd
Pond. The con tact ele va tion was es ti mated at 308 ft (94 m) asl.
In ice- contact ma rine del tas such as the Boyd Pond delta, the ele -
va tion of the topset- foreset con tact closely ap proxi mates the ele -
va tion of sea level in the area when the delta was built.  

Field work re vealed that the head of the delta at Boyd Pond
is con nected to a short es ker ridge on the shore of the pond.
While this part of the Boyd Pond com plex was esker- fed, it is
likely that sedi ments also washed onto the delta from the Doles
Pond and Lake Ar row head val leys to the west.  The ori en ta tions
of ket tles just south of the Lit tle Os sipee River sug gest at least
two ar cu ate ice- margin po si tions trend ing east- west in the Boyd
Pond delta com plex.  These ice mar gins may have been simi lar in 
age to the ice- margin po si tions mapped near Doles Pond and
Boyd Pond.

The pre domi nant sedi ments in the Boyd Pond delta are
well- bedded, well- sorted, loose grav elly sand.  Peb bles are well
rounded, and boul ders and cob bles are al most ab sent. To the
south and east of Boyd Pond the grain size de creases to wards
North Hol lis.  In the North Hol lis area, cross bed ding in the delta
topset beds was ob served dip ping gen tly (5 de grees) to the north -
east.  The flat to pog ra phy of the delta plain in the North Hol lis
area is bet ter pre served than in the Boyd Pond area, where the
delta sur face has been per va sively modi fied by ice-

 disintegration fea tures and flu vi ally dis sected by the Lit tle Os -
sipee River.

The North Lim ing ton delta (unit Pmdnl) is lo cated at the
north edge of the quad ran gle.  This rela tively small and well-
 defined delta rep re sents a still stand po si tion of the re treat ing gla -
cier mar gin.  The sur veyed ele va tion of the topset- foreset con tact 
was 310 ft (94 m) asl in a gravel pit lo cated ap proxi mately 0.75
miles west of North Lim ing ton. The North Lim ing ton delta was
at least partly fed by an es ker that ex tends north from Web ster
Mill pond in the ad ja cent Steep Falls quad ran gle (Gosse and
Thomp son, 1999a,b).

An ex ten sive gla cioma rine delta com plex oc curs on both
sides of the Saco Val ley in the north east ern quad rant of the map.
The del taic de pos its of the South Lim ing ton area have been se -
verely eroded by the Lit tle Os sipee and Saco Riv ers.  One rem -
nant of the origi nal delta plain is lo cated on Boothby Road,
north east of the vil lage of South Lim ing ton.  An ex po sure in an
aban doned gravel pit showed a well- defined topset- foreset con -
tact in this delta.  The ele va tion of the con tact was ap proxi mately
300 ft (91 m) asl.  This ele va tion is con sis tent with other gla -
cioma rine delta ele va tions meas ured in south west ern Maine
(Thomp son and oth ers, 1989; Ko teff and oth ers, 1993).  An other
topset- foreset con tact was meas ured at an ele va tion of 296 ft (90
m) asl by Thomp son and oth ers (1989) in a delta rem nant on the
east side of the Saco River.  Prior to ero sion by the Saco River,
the lat ter de posit may have been part of the same delta com plex
that oc curs be tween South Lim ing ton and East Lim ing ton. 

Sub ma rine Fans (Pmf)

De pos its on the east ern side of the quad ran gle, north east of
Wales Pond,  were in ter preted as sub ma rine fans, on the ba sis of
their prob able con ti nu ity with fan de pos its mapped by Gosse
(1999a,b) in the ad ja cent Stan dish quad ran gle.  Many sub ma rine 
fans are com pos ite units in clud ing not only sand and gravel but
also till, and lay ers of Pre sump scot For ma tion silty clay in ter -
bed ded with the sand and gravel (Fig ure 3).  Where till is pres ent, 
it usu ally oc curs only in the proxi mal parts of fans, and the bulk
of the de pos its are made of sand and gravel.  These sub ma rine
fans con sist of sedi ments de pos ited at the mouths of sub gla cial
tun nels where the gla cier ter mi nated in the ocean.

Re gres sive Ma rine De pos its (Pmrs)

Fine sand, silt, and lesser amounts of clay in the area east of
Wales Pond, just south of the sub ma rine fan de scribed above,
were mapped as sandy regressive ma rine sedi ments.  These de -
pos its proba bly were de rived partly from ero sion of ad ja cent ma -
rine del tas as rela tive sea level was fal ling.  The finer- grained
Pre sump scot For ma tion muds, which are typi cal of the for ma -
tion as de fined by Bloom (1960), were de liv ered to the gla cier
ter mi nus by melt wa ter streams and then trans ported far ther out
to sea from the ice mar gin, where they set tled out and filled topo -
graphi cally low ar eas.  Clay of prob able ma rine ori gin has been
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re ported by well drill ers and resi dents in the Lim ing ton quad ran -
gle.  It is usu ally bur ied be neath the del taic sands.

Al lu vium (Ha) and Stream Ter races (Qst)

 Al lu vial (flood plain) de pos its in the quad ran gle are found
along mod ern streams and riv ers such as the Saco and Lit tle Os -
sipee.  They usu ally con sist of re worked gla cial sedi ments com -
posed of sand, gravel, and silt.  Peb bles in grav elly al lu vium are
typi cally im bri cated.  Older al lu vial de pos its, like wise com -
posed of sand and gravel, oc cur on flu vial ter races with flat to -
pog ra phy that stand above the mod ern flood plains.  Sev eral
well- developed ter races were mapped in the quad ran gle.  Some
of the most promi nent ex am ples are along the Saco River, where
they were cut into the older and higher del taic de pos its.

Wet lands (Hw, Hwh, Hwm, Hws)  and Shore line De pos its
(Hls)

Holo cene wet land de pos its were mapped over large ar eas
of the Lim ing ton quad ran gle.  They have formed in ar eas of poor
drain age with a high wa ter ta ble.  Some of these wet lands hold
pools of stand ing wa ter only dur ing rainy pe ri ods and af ter snow
melt, there fore chang ing their ap par ent size over the course of
the year.  Wet lands cov ered with trees, bushes and scrub brush
were clas si fied as swamps (Hws), while marshes (Hwm) were
dis tin guished by the domi nance of grass land vege ta tion.  A few
shrub- covered wet lands were mapped as heaths (Hwh) and
proba bly con tain peat de pos its.  It should be noted that due to
poor ac cess and in dis tinct bounda ries on air pho tos, many wet -
lands were mapped at a re con nais sance level.  Thus, their
bounda ries and clas si fi ca tion on the Lim ing ton geo logic map are 
not de fini tive for regu la tory pur poses.

Mod ern beach de pos its (Hls) were mapped on the shore of
Lake Ar row head. 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 de rived
from the ero sion of nearby gla cial de pos its.

GLACIAL  AND  POSTGLACIAL  HISTORY

The gla cial de pos its of the Limimgton quad ran gle pro vide
evi dence of only the most re cent (late Wis consi nan) gla cia tion,
al though it is al most cer tain that south ern Maine was af fected by
more than one gla cia tion (Thomp son and Borns, 1985b).  In ter -
gla cial weath er ing and ero sion, fol lowed by the scour ing ac tion
of the last ice sheet, are pre suma bly re spon si ble for the lack of
de pos its from an ear lier gla cia tion in the study area. 

Due to the com bi na tion of post gla cial weath er ing and scar -
city of freshly ex posed bed rock out crops, gla cial flow di rec tions
in the Lim ing ton quad ran gle could be de ter mined from stri ated
ledges in only a few places.  The domi nant ice flow di rec tion in
the quad ran gle was de duced from the long- axis ori en ta tion of
gla cially stream lined hills, along with stria tion evi dence from

nearby ar eas and the re gional trends of es ker sys tems.  This
com bined evi dence in di cates a south- southeastward gla cial flow 
di rec tion dur ing the last gla cial maxi mum.  The till de pos its in
the quad ran gle were de pos ited di rectly from this ice sheet,
through a va ri ety of pro cesses, dur ing its ad vance and re treat. 

Re gional stud ies in di cate that the Lau ren tide Ice Sheet cov -
ered the Gulf of Maine dur ing the late Wis consi nan gla cia tion
and be gan to re treat ap proxi mately 17,000 years ago (yr BP).
Al though ra dio car bon dates in di cat ing the time of de gla cia tion
are not avail able from the Lim ing ton quad ran gle, dates from ma -
rine shells in nearby ar eas of south west ern Maine in di cate that
the study area was de gla ci ated at about 14,000 yr BP (Wed dle
and oth ers, 1993).  Most of the sur fic ial de pos its in the Lim ing -
ton quad ran gle were formed dur ing and af ter the re ces sion of the
last ice sheet.  End mo raines and the great quan tity of sedi ments
in the gla cioma rine del tas sug gest that gla cier re treat was not
con tinu ous, but rather was in ter rupted by stand stills and per haps
mi nor lo cal read vances. Zones of lo cal stag na tion and re sid ual
ice masses are in di cated by the dis tri bu tion of ket tles and other
ice- contact land forms in gla cial sand and gravel de pos its.

The weight of the ice sheet caused sub si dence of the land of 
sev eral hun dred feet.  As the ice 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 east ern part of the quad ran gle the re ced ing gla cier was
in con tact with the sea.  The po si tions of the del tas in re la tion to
higher ter rain (mainly to the west) sug gest that the in land limit of
late- glacial ma rine sub mer gence oc curs along a line that gen er -
ally fol lows the 290 to 310- ft con tours (high est to the north west
due to post gla cial crus tal tilt).  This line passes through North
Lim ing ton and South Lim ing ton, swings west up the Lit tle Os -
sipee Val ley to the out let of Lake Ar row head, and then back east
and south through the Isin glass Pond- North Hollis- West Hol lis
area.  This is ap proxi mately the same ma rine limit 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 up lift of
the land oc curred rap idly fol low ing de gla cia tion.  

Dur ing de gla cia tion of the Lim ing ton quad ran gle, ice flow
may have shifted to a more south ward di rec tion, as in di cated by
the few end mo raines, stria tion trends, and by the ice- margin
trends in ferred from ket tle align ments and heads of melt wa ter
de pos its.  The dis tri bu tion of these ice- contact fea tures sug gests
that the po si tion of the gla cier mar gin was con trolled by the lo cal
to pog ra phy of the Saco Val ley re gion.  To pographi cally higher
ar eas were free of ice bef ore the low lands, and the fi nal ice flow
proba bly was con cen trated along the axes of larger val leys.
Stag na tion of re sid ual ice masses (which were sur rounded by
sand and gravel de pos its from the melt ing ice) formed the nu -
mer ous ket tles in the area, and es kers were de pos ited as gla cial
tun nels be came choked with sedi ments.

Gla cial lakes formed in land from the ma rine limit in south -
west ern Maine, usu ally in ar eas where melt wa ter drain age was
dammed by rem nant ice masses or hilly ter rain in front of the gla -
cier mar gin (e.g. in north- sloping val leys).  In the Lim ing ton
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quad ran gle, promi nent gla cio la cus trine del tas formed in gla cial
Lake Ar row head.  Sand and gravel de pos its west of Isin glass
Hill proba bly formed in the same gla cial lake, al though these de -
pos its are not suf fi ciently well ex posed to iden tify the del taic
com po nent.  The spill way for this lake was the 325 ft (99 m)
bedrock- floored chan nel seen just south of Isin glass Hill.

Post gla cial geo logic ac tiv ity in the area seems to be lim ited
to 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 gla cial de pos its pro vided the sedi -
ments de pos ited on stream ter races and mod ern flood plains.
Low, poorly drained ar eas (such as ket tles) fa vored the for ma -
tion of wet land de pos its.  Sedi men ta tion con tin ues to oc cur in
these en vi ron ments to day, in clud ing the ac cu mu la tion of or ganic 
de bris.

One of the most puz zling geo logic fea tures in the quad ran -
gle is the un named stream val ley that in cludes Kil lick Pond in
Hol lis.  This northeast- trending val ley in cises a large gla cioma -
rine delta com plex.  Parts of the val ley ap pear deep and wide in
pro por tion to the small stream that oc cu pies it, and the broad seg -
ment west of Wales Pond re sem bles the neigh bor ing ket tles.
Per haps the stream has reached its pres ent con figu ra tion in part
from hav ing con nected some ket tles, and partly as a con se -

quence of head ward ero sion aided by spring sap ping of water-
 saturated sand in the delta com plex. 

ECONOMIC  GEOLOGY

Sand and gravel are by far the most eco nomi cally im por -
tant sur fic ial de pos its in the Lim ing ton quad ran gle, and nu mer -
ous bor row pits have been opened in these de pos its.  Sand is
ex tremely abun dant in the gla cioma rine and gla cio la cus trine
del tas, and the sup ply proba bly far ex ceeds de mand.  Gravel is
lo cally abun dant, and its dis tri bu tion is some what pre dict able
from both the geo logic map and the dis tri bu tion of ex ist ing pits
shown on the ma te ri als map.  

Gravel usu ally forms a thin layer (3- 10 ft) of  “topset beds”
on the tops of del tas, while the un der ly ing “fore set beds” are
more likely to con sist of thick sand or grav elly sand.  Gravel caps 
also are ex pected to oc cur on stream ter races (unit Qst) that have
been cut into the del tas.  Gravel pits in these delta- plain and ter -
race de pos its are of ten quite shal low be cause they soon en coun -
ter the un der ly ing sand.  The head ward (north ern or west ern)
parts of the gla cioma rine del tas may have thicker gravel de pos its 
that washed off melt ing gla cial ice that for merly ex isted nearby.
These ar eas are dis tin guished by ice- contact to pog ra phy (kames
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information.



and ket tles).  Siz able gravel con cen tra tions are es pe cially apt to
be found in es kers (unit Pge) and other ice- contact de pos its (unit
Pgi).  Re stric tions on the ex ploi ta tion of these grav els may be ex -
pected in ar eas that bor der lakes and/or have been de vel oped into 
resi den tial com mu ni ties.

Ground wa ter is an other very im por tant geo logic re source,
in clud ing the wa ter sup plies in sand and gravel aq ui fers in the
study area.  These aq ui fers have been mapped by Tol man and
Lanc tot (1985).  Fi nally, some of the wet lands - es pe cially in the
ket tle de pres sions - con tain peat de pos its.
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AP PEN DIX.  Glos sary of geo logic terms that may ap pear in this re port.

Ab la tion till:  till de posit formed by re lease of de bris from
melt ing gla cial ice, ac com pa nied by vari able amounts of slump -
ing and melt wa ter ac tion.  May be loose and stony, and con tains
lenses of washed sand and gravel.  

Ba sal melt- out till:  till de posit re sult ing from melt ing of
debris- rich ice in the bot tom part of a gla cier.  Gen er ally shows
crude strati fi ca tion due to in cluded sand and gravel lenses.

Clast:  peb ble-, cob ble-, or boulder- size frag ment of rock
or other ma te rial in a finer- grained ma trix (q.v.).  Of ten re fers to
stones in gla cial till or coarse- grained water- laid sedi ments. 

Clast- supported:  re fers to sedi ment that con sists mostly
or en tirely of clasts, gen er ally with more than 40% clasts.  Usu -
ally the clasts are in con tact with each other.  For ex am ple, a
well- sorted cob ble gravel.

Col lu vium:  a man tle of poorly- sorted sedi ments pro duced 
by mass wast ing on hill sides, and com monly de rived from un -
der ly ing till or other gla cial de pos its.

Delta:  a body of sand and gravel de pos ited where a stream
en ters a lake or ocean and drops its sedi ment load.  Gla cially de -
pos ited del tas in Maine usu ally con sist of two parts: (1) coarse,
hori zon tal, of ten grav elly topset beds de pos ited in stream chan -
nels on the flat delta top, and (2) un der ly ing, finer- grained, in -
clined fore set beds de pos ited on the ad vanc ing delta front.

De posit:  gen eral term for any ac cu mu la tion of sedi ment,
rocks, or other earth ma te ri als.  

Dia mic ton:  any poorly- sorted sedi ment con tain ing a wide 
range of par ti cle sizes.

Drum lin:  an oval- shaped hill, of ten com posed of gla cial
sedi ments, that has been shaped by the flow of gla cial ice, such
that its long axis is par al lel to the di rec tion of ice flow. 

End mo raine: a ridge of sedi ment de pos ited at the mar gin
of a gla cier.  Usu ally con sists of till and/or sand and gravel in
vari ous pro por tions.

En gla cial:  oc cur ring or formed within gla cial ice.

Eo lian:  formed by wind ac tion, such as a sand dune.

Es ker:  a ridge of sand and gravel de pos ited by melt wa ter
streams in a tun nel within or be neath gla cial ice.

Flu vial:  Formed by run ning wa ter, for ex am ple by melt -
wa ter streams dis charg ing from a gla cier.

Gla cio la cus trine:  re fers to sedi ments or pro cesses in volv -
ing a lake which re ceived melt wa ter from gla cial ice.

Gla cioma rine:  re fers to sedi ments or pro cesses re lated to
the en vi ron ment where ma rine wa ter and gla cial ice are in con -
tact.

Holo cene:  term for the time pe ri od from 10,000 years ago
to the pres ent.  It is of ten used syn ony mously with “post gla cial”
be cause most of New Eng land has been free of gla cial ice since
that time.

Ice- contact:  re fers to any sedi men tary de posit or other
fea ture that formed ad ja cent to gla cial ice.  Many such de pos its
show ir regu lar to pog ra phy due to melt ing of the ice against
which they were laid down, and re sult ing col lapse.

Kame:  a mound- shaped de posit of sand and gravel formed 
within or ad ja cent to gla cial ice

Ket tle:  a de pres sion on the ground sur face, rang ing in out -
line from cir cu lar to very ir regu lar, left by the melt ing of a mass
of gla cial ice that had been sur rounded by gla cial sedi ments.
Many ket tles now con tain ponds or wet lands.

La cus trine:  per tain ing to a lake.

Late gla cial:  re fers to the time when the most re cent gla -
cial ice sheet was re ced ing from Maine, ap proxi mately 15,000-
 10,000 years ago.

Late Wis consi nan:  the most re cent part of Pleis to cene
time, dur ing which the lat est con ti nen tal sheet cov ered all or por -
tions of New Eng land (ap prox. 25,000- 10,000 years ago).

Lodg ment till:  very dense va ri ety of till, de pos ited be -
neath flow ing gla cial ice.  May be known lo cally as “hard pan.”

Ma trix:  the fine- grained ma te rial, gen er ally silt and sand,
which com prises the bulk of many sedi ments and may con tain
clasts (q.v.).

Matrix- supported:  re fers to any sedi ment that con sists
mostly or en tirely of a fine- grained com po nent such as silt or
sand.  Gen er ally con tains less than 20- 30% clasts, which are not
in con tact with one an other.  For ex am ple, a fine sand with scat -
tered peb bles.

Mo raine:  Gen eral term for gla cially de pos ited sedi ment,
but of ten used as short form of “end mo raine” (q.v.).
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Mor phose quence:  a group of water- laid gla cial de pos its
(of ten con sist ing of sand and gravel) that were de pos ited more-
 or- less at the same time by melt wa ter streams is su ing from a par -
ticu lar po si tion of a gla cier mar gin.  The de po si tional pat tern of
each mor phose quence was usu ally con trolled by a lo cal base
level, such as a lake level, to which the sedi ments were trans -
ported.

Out wash:  sedi ment de rived from melt ing gla cial ice, and
de pos ited by melt wa ter streams in front of a gla cier.

Out wash head:  the end of an out wash de posit that was
clos est to the gla cier mar gin from which it origi nated.  Ice-
 contact out wash heads typi cally show steep slopes, ket tles (q.v.), 
and hum mocks (kames) mark ing the former po si tion of the ice
mar gin and/or a zone of stag nat ing ice masses.  

Pleis to cene:  term for the time pe ri od be tween 2-3 mil lion
years ago and 10,000 years ago, dur ing which there were sev eral
gla cia tions.  Also called the “Ice Age.”

Pro gla cial:  oc cur ring or formed in front of a gla cier.

Qua ter nary:  term for the era be tween 2-3 mil lion years
ago and the pres ent.  In cludes both the Pleis to cene and Holo -
cene. 

Stria tion: a nar row scratch on bed rock or a stone, pro -
duced by the abra sive ac tion of debris- laden gla cial ice.

Subaque ous fan:  a some what fan- shaped de posit of sand
and gravel that was formed by melt wa ter streams en ter ing a lake
or ocean at the mar gin of a gla cier.  Simi lar to a delta (q.v.), but
was not built up to the wa ter sur face.

Sub gla cial:  oc cur ring or formed be neath a gla cier.

Till:  a het ero ge ne ous, usu ally non- stratified sedi ment de -
pos ited di rectly from gla cial ice.  Par ti cle size may range from
clay through silt, sand, and gravel to large boul ders.

Topset/fore set con tact:  the more- or- less hori zon tal
bound ary be tween topset and fore set beds in a delta (q.v.).  This
bound ary closely ap proxi mates the wa ter level of the lake or
ocean into which the delta was built.
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