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INTRODUCTION

Sur fic ial map ping in the Great East Lake 7.5' quad ran gle
was con ducted dur ing the sum mer of 1991 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.  The pur pose of this pro gram and its
suc ces sor, the STATE MAP pro gram, is to pro vide de tailed geo -
logic in for ma tion for use by the gen eral pub li c, and mu nici pal,
state, and fed eral agen cies, and fun da men tal back ground in for -
ma tion for site- specific stud ies.  A sur fic ial geo logic map
(Boothroyd, 1997) and a sur fic ial ma te ri als map (Boothroyd,
1998), both at 1:24,000 scale, have been com piled.  The ma te ri -
als map shows the thick ness and com po si tion of sur fic ial sedi -
ment at points where sur face and sub sur face ob ser va tions were
made.  The geo logic map shows the dis tri bu tion of geo logi cal
units and fea tures that rec ord the geo logi cal his tory of the quad -
ran gle.  This re port de scribes the sur fic ial de pos its that were
mapped in the quad ran gle, and pres ents the gla cial, de gla cial,
and post gla cial his tory of the quad ran gle.

PREVIOUS  WORK

Early de scrip tions of the sur fic ial de pos its in the study area
are found in Stone (1899) and Leavitt and Perkins (1935).  A re -
gional over view of the gla cial his tory in south west ern Maine can 
be un der stood by read ing Bloom (1960, 1963), Borns (1973),
Smith (1982, 1985), Thomp son (1982), and Thomp son and
Borns (1985a,b).  The sur fic ial ge ol ogy of the Great East Lake
quad ran gle has been mapped pre vi ously at re con nais sance level
by Bloom (1960) and Smith (1977).  Wet lands map ping of the
Great East Lake quad ran gle is pub lished in draft form by the Na -
tional Wet lands In ven tory, U.S. De part ment of the In te rior.

LOCATION,  TOPOGRAPHY,  AND  DRAINAGE

The Great East Lake 7.5' quad ran gle is lo cated be tween 43o

30'00" and 43o 37'30" N lati tude and 70o 52'30" and 71o 00' W
lon gi tude on the bor der of Maine and New Hamp shire in south -
west York County and south east Car roll County re spec tively
(Fig ure 1).  It in cludes part of each of the com mu ni ties of Ac ton,
Shapleigh, and New field in Maine, and Mil ton and Wake field in
New Hamp shire. 

Ele va tions within the quad ran gle range from 478 feet (146
m) at Loon Pond in the south east cor ner of the quad ran gle to 941
feet (287 m) above sea level (asl) at Bond Moun tain (Maine) in
the north east cor ner and 1080 feet (329 m) at Davis and Oak
Hills (New Hamp shire) in the west- central sec tion.  Most of the
quad ran gle has mod er ate re lief, how ever; the maxi mum re lief of
ap proxi mately 440 feet (134 m) oc curs be tween Mir ror Lake and 
Bond Moun tain in the north east cor ner of the quad ran gle. Ap -
proxi mately 20% of the quad ran gle is cov ered by lakes; the three 
larg est are Great East Lake, Square Pond and Balch Pond. All of
the quad ran gle is above the late- glacial ma rine limit, which ap -
proaches an ele va tion of 295 feet (90 m) in nearby quad ran gles
(Ko teff and oth ers, 1993).

There is a mod er ate northwest- southeast trend to the to -
pog ra phy in the form of stream lined hills in the study area, which 
re flects the re gional ice- flow di rec tion and not the un der ly ing
struc ture of the bed rock.  Bed rock hills com prised of plu tonic
rocks, such as Ger rish Moun tain, have been some what modi fied
by ero sion and depo si tion from the Lau ren tide Ice Sheet. 

The two ma jor drain ages are the south- flowing Salmon
Falls River that rises in Great East Lake and forms the Maine-
 New Hamp shire bor der in the south ern half of the quad ran gle,
and the east- flowing Lit tle Os sipee River that rises in Balch
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Pond in the north ern part of the quad ran gle.  Mi nor streams in -
clude Heath Branch in the south east and many un named brooks
that drain into, or out of, wet lands.

BEDROCK  GEOLOGY

The bed rock ge ol ogy of the Great East Lake and neigh bor -
ing quad ran gles has been mapped by Hussey (1968, 1985),
Hussey and Pankiwskyj (1975), Gil man (1972, 1978), and sum -
ma rized in Os berg and oth ers (1985). Most of the quad ran gle is
un der lain by multiply- deformed, strati fied Siluro- Devonian
meta mor phic rocks of the Rindge mere For ma tion which is part
of the Shapleigh Group (Hussey, 1985). Rock types in clude
quartz- feldspar- biotite schist and calc- silicate gneiss.  The meta -
mor phic rocks are in truded by sev eral small, un named gran ite
plu tons of De vo nian age.

SURFICIAL  GEOLOGY

Bed rock and Thin- Till Ar eas

Bed rock crops out pri mar ily as ledges along the flanks of
hill sides and as small, dis con tinu ous ex po sures in road cuts. It is
shown as a dark gray color on the geo logic map, and by the no ta -
tion rk (rock) on the ma te ri als map.  One set of gla cial striae was
lo cated (trend 140o), cour tesy of  W. Thomp son, on a bed rock
pave ment just south of the South Ac ton road near Loon Pond.

Al though only a cur sory search was done due to time con straints, 
other prom is ing bed rock pave ments that may show striae ex ist at 
the road junc tion on Ac ton Ridge and near the town com mons of
the vil lage of Ac ton. 

Thin- till ar eas were not de line ated be cause of the dif fi culty
of dis cern ing such stra tigra phy from aer ial pho to graphs or sur -
face in di ca tions.  An in ferred thin- till area is lo cated in the ex -
treme south east cor ner of the quad ran gle and most likely oc curs
over the higher parts of Ger rish, Gile, and Bond Moun tains.  

Till Man tle

Till (Pt) com prises the sur face unit (crops out) over ap -
proxi mately 50 per cent of the area mapped and in cludes most,
but not all, up land ar eas.  The till is com monly a slightly- to-
 moderately com pacted, light brown to dark- yellowish brown
dia mic ton that con sists of a non- stratified mix ture of silt, sand,
peb bles, cob bles, and boul ders.  The mor phol ogy and sedi men -
tary char ac ter is tics of this unit sug gest an ab la tion and/or
debris- flow mode of em place ment.

In ferred thick de pos its of till form stream lined hills ori -
ented northwest- southeast.  Hub bard Ridge and un named hills
north of Ac ton vil lage are ex cel lent ex am ples.  The up per most
stra tigra phy of these hills is com prised of the above de scribed
dia mic ton, sug gest ing a thick ab la tion man tle over the un der ly -
ing lodge ment till and bed rock.  
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Hum mocky Mo raine De pos its

Hum mocky mo raine de pos its (map unit Phm) are
irregularly- shaped mounds and small hills with up to 40 feet (12
m) of in ter nal re lief and 120 feet (37 m) of to tal re lief that are
com prised of in ter strati fied debris- flow till and ice- marginal flu -
vial and la cus trine de pos its.  In di vid ual beds range from 2-6 feet
(50 cm to 2 m) in thick ness.  In ter nal struc ture shows abun dant
evi dence of col lapse and re mo bi li za tion of sedi ment af ter ini tial
depo si tion, proba bly by melt ing of bur ied ice.  Large boul ders up 
to 6 feet (2 m) in di ame ter of ten oc cur on the sur face of, or
within, the mo raines.  These de pos its are in ferred to mark former 
ice- marginal po si tions and are par ticu larly preva lent, al though
not lim ited to, the Salmon Falls River drain age and around Great
East Lake.  These de pos its are proba bly simi lar to those iden ti -
fied as stag na tion mo raine by Thomp son and Borns (1985a), but
may im ply a more ac tive ice mar gin al though ice- push fea tures
have not been iden ti fied.  

Gla cial Flu vial De pos its

Gla cial flu vial de pos its are pres ent in the quad ran gle as es -
kers (Pge), as small ir regu lar ar eas of ice- marginal sand and
gravel (Pgi), as fan- shaped high- gradient fea tures or flat- topped
lower gra di ent plains (Pgf), and as un dif fer en ti ated de pos its of
strati fied sand and gravel (Pg).  Some lower- gradient plain de -
pos its are un doubt edly delta plain (topset) beds de pos ited over
un der ly ing delta slope (fore set) beds, but lack of deep ex po sures
makes iden ti fi ca tion dif fi cult. 

Es kers and es ker sys tems:  Here are some ba sic defi ni tions 
af ter Ash ley and oth ers (1991) and War ren and Ash ley (1994).
An es ker is an elon gate ridge par al lel to ei ther re gional ice flow
or val ley axes, and com prised of strati fied ma te rial. An ice-
 tunnel is a sub gla cial or en gla cial tun nel con tain ing a river trans -
port ing wa ter and sedi ment.  An ice- tunnel de posit is sedi ment
de pos ited within a sub gla cial ice tun nel.  And fi nally, an es ker
sys tem is an ar ray of es kers trace able up or down the in ferred re -
gional ice gra di ent, over drain age di vides, and down val ley axes. 
The im por tance of un der stand ing the defi ni tions is that not all es -
kers were de pos ited in ice tun nels (Ash ley and oth ers, 1991), but
most ice- tunnel de pos its are mor pho logi cally es kers.

Es ker sys tems are the most spec tacu lar geo logic fea tures in 
the quad ran gle, form ing sharp- crested sinu ous ridges up to 100
feet (30 m) in re lief and up to 5,500 feet (1,700 m) in seg ment
length. There is 100- 800 m lon gi tu di nal sepa ra tion be tween seg -
ments, and some seg ments are par al lel in a semi- reticulate pat -
tern. Es ker sys tems can be traced over drain age di vides and
in clude melt wa ter chan nels eroded in the till man tle.  Some sys -
tems trend NW to SE across the quad ran gle and are par al lel to
ice- flow in di ca tors such as stream lined hills, whereas oth ers are
within, and fol low the courses of, pres ent stream val leys.  Stra -
tigraphic se quences ex posed in bor row pits in di cate that clast-
 supported boul der gravel with a coarse sand ma trix (av er age

larg est long (L) axis of the 10 larg est clasts in a sam ple is up to 50
cm) is an im por tant li tho fa cies.  This li tho fa cies is in ter preted as
hav ing been de pos ited in an ice- tunnel en vi ron ment.

Es ker ridges form elon gate pen in su las and is lands in Great
East Lake and Balch and Square Ponds and a subla cus trine ridge
in Square Pond.  The Square Pond de linea tion was aided by a ba -
thymetric map pro vided by the Square Pond As so cia tion of
home own ers (Square Pond As so cia tion, un pub lished).  Other,
smaller sys tems (in re lief and seg ment length) ex ist in the
Hussey Hill area of South Ac ton and in the Lit tle Os sipee River
drain age sys tem be tween Balch and Shapleigh Ponds. Good in -
ter nal ex po sures are not com mon; the best are: (1) the Pepin pit,
with ac tive, work ing faces just south west of Square Pond; (2) a
large aban doned se ries of pits with a few good faces lo cated
along the ex treme south east ern shore of Great East Lake; and (3)
the Ac ton town pit in South Ac ton. 

Ice- marginal sand and gravel:  These de pos its (map unit
Pgi) ex ist as scat tered high ter races against till- mantled hill sides; 
the most no ta ble de posit is at the Ac ton town land fill, north of
Ac ton vil lage.

Glacial- fluvial sand and gravel:  These de pos its (map unit 
Pg) are char ac ter ized by ei ther some what hum mocky mor phol -
ogy or by some in ter nal in ter beds of dia mic ton.  Fi nal de po si -
tional sur faces of the units sug gests flu vial depo si tion along
ice- filled val leys with debris- flow till de pos ited from ad ja cent
ice and till- mantled hill sides and abun dant bur ial of ice blocks.
The de pos its are much larger in area than units mapped as Pgi;
the best ex am ples are in the north ern part of the quad ran gle north 
of Balch Pond and ad ja cent to Gile and Bond Mtns. (map unit
Pgbp).

Gla cial al lu vial fans and plains:  High- gradient gla cial al -
lu vial fans (map unit Pgf) drain off the till up lands in sev eral lo -
cali ties with gra di ents of up to 18 m/km (95 ft/mile) and clast
sizes of gravel boul ders up to 30 cm (1 foot) long axis.  The best
ex am ples of high- gradient fans are to the south east of Ac ton vil -
lage and west of Hub bard Ridge in the south east ern part of the
quad ran gle and west of Square Pond in the east- central re gion.

Lower- gradient gla cial al lu vial plains (map unit Pgf) may
be fan- shaped in part, but oc cur at lower ele va tions along a given 
val ley than do the high- gradient fans.  Gra di ents range from
6 m/km (30 ft/mile) to over 10 m/km (50 ft/mile);  the av er age
larg est of 10 clasts range from 10- 30 cm (4 in - 1 ft) long axis.
Good ex am ples of al lu vial plains sur round Square Pond (Pgfsp), 
sur round Moose Pond south east of Ac ton Ridge (Pgfmp), and
ex ist be tween Mir ror Lake and Bond Mtn. in the north east cor ner 
of the quad ran gle (Pgfml).  Some of these plains may in deed be
delta plains but the ab sence of ex po sures of un der ly ing delta
slope beds do not al low this in ter pre ta tion to be con firmed.

Gla cial La cus trine De pos its

Gla cial la cus trine de pos its (map unit Pld) are pres ent as
delta plain (topset) beds and as lim ited ex po sures of delta slope
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(fore set) beds.  Delta plains are char ac ter ized by flat- topped, low 
gra di ent sur faces usu ally dip ping less than 6 m/km (30 ft/mile).
De pos its are lo cated in the Salmon Falls River drain age as a se -
ries of  del tas ex tend ing north ward to, and in clud ing the plain
north of, Great East Lake.  Delta- slope beds were not ob served in 
any ex po sures, but the de pos its were mapped as del tas based on
the low gra di ents, es pe cially in the area of the aptly named Flat -
ground Road, and test pits show ing coarse sand li tho fa cies in di -
cat ing a dis tal or lower en ergy flu vial en vi ron ment.

An other se ries of delta plains (map units Plmd1-3) grade
south east and east to sev eral lev els of an in ter preted gla cial Mou -
sam Lake.  Delta- slope beds are well ex posed in sev eral pits in
the Mou sam Lake quad ran gle (Meglioli and Thompson,
1997a,b, and per sonal com mu ni ca tion, 1991). Mou sam Lake
delta plains flank Hub bard Ridge in the south east and form the
plain south of the vil lage of North Shapleigh.  Seis mic lines run
by Lanc tot and Tol man (1985) across the delta plain south of
North Shapleigh rec ord a depth to bed rock of up to 166 feet (50
m), in di cat ing a sub stan tial thick ness of delta slope and/or lake-
 floor sedi ment.  A seis mic line in map unit Plmd3, north east of
Mud Pond and east of Gile Mtn., gave a depth to bed rock of 126
feet (38 m) (Lanc tot and Tol man, 1985) in di cat ing a sig nifi cant
thick ness of lake de pos its. The Square Pond glacial- fluvial sys -
tem proba bly also grades to a level of gla cial Mou sam Lake, but
delta slope evi dence is lack ing.

The most im prob able delta (map unit Pldwl) is lo cated
south of Horn Pond and south west of Wil son Lake and con sists
of a high hum mocky sur face with delta- plain beds of coarse
gravel (clasts up to 20 cm long axis) over ly ing delta- slope beds
of peb bly gravel to fine sand.  Ex cel lent ex po sures, up to 15 m
(50 ft) high in two ac tive pits, showed a topset- foreset con tact at
an ap proxi mate ele va tion of 620 feet (189 m) and mul ti ple delta
lobes.

Post gla cial Pleis to cene and Holo cene De pos its

Wet lands: Holo cene wet lands have been mapped as fresh-
 water marshes (Hwm), as fresh- water swamps (Hws), or as un -
dif fer en ti ated fresh- water wet lands (Hw).  Most of the marshes
and un dif fer en ti ated wet lands con tain some open- water ar eas.
Wet lands oc cupy poorly drained low ar eas on the gla cial flu vial
sur faces eve ry where in the quad ran gle. Many are un doubt edly
kettle- hole fills, and man tle former gla cial lake bot toms in the
Salmon Falls val ley.

Al lu vial fans:  Small al lu vial fans (map unit Qaf) were
mapped in sev eral lo ca tions in the quad ran gle; one ex am ple is at
the east end of Wil son Lake. They are in ter preted to have been
formed by post gla cial drain age off till- mantled hill slopes. Some
are pres ently ac tive, proba bly dur ing ex treme rain fall events.

Flu vial de pos its:  The low est ter races ad ja cent to the Lit tle
Os sipee River in the North Shapleigh area are in ter preted as flu -
vial sedi ment (map unit Qst) de pos ited dur ing the down cut ting
of the river in post gla cial times.

QUATERNARY  GLACIAL  AND  POSTGLACIAL
HISTORY

Gla cial Ge ol ogy

Back ground:  The gla cial de pos its in the Great East Lake
quad ran gle were de rived from the last ad vance and re treat of the
Lau ren tide Ice Sheet which cov ered Maine and the Gulf of
Maine dur ing its maxi mum ex tent dur ing late Wis consi nan time
(Thomp son and Borns, 1985a).  Stream lined hill azi muths in the
quad ran gle vary within nar row lim its of 130- 160o and are in
agree ment with azi muths in ad ja cent 7.5- minute quad ran gles
(Smith, 1977), and azi muths sum ma rized for ex treme south -
west ern Maine on the state sur fic ial map (Thomp son and Borns,
1985a).  These azi muths in di cate a re gional ice- flow di rec tion
from north west to south east across the Great East Lake quad ran -
gle, from New Hamp shire into south west ern Maine, when the
ice- sheet mar gin was off shore of the pres ent coast of Maine.  An
iso static up lift pro file of the land, de rived from topset- foreset
con tacts of ma rine del tas (Ko teff and oth ers, 1993), sug gests
greater up lift in a di rec tion of 331.5o which is in agree ment with
the stream lined hill data as an in di ca tor of re gional ice gra di ent.

Ice re ces sion from the Gulf of Maine proba bly be gan
around 17,000 yr B.P. and the ice mar gin had re treated to near the 
Ken nebunk area on the pres ent coast by about 14,000 yr B.P.
based on an un cor rected 14C date on ma rine shells (Smith, 1985). 
The Ogunquit- Wells- Kennebunk area is di rectly down the re -
gional ice- sheet gra di ent from the Great East Lake quad ran gle.
As the ice mar gin re treated north west away from the pres ent
coast, it re mained in con tact with ma rine wa ters of the Gulf of
Maine.  The syngla cial Wis consi nan sea pene trated in land up the 
Salmon Falls River drain age as far as the Mil ton quad ran gle to
the south west and up the Saco River and tribu tar ies drain age as
close as the Wa ter boro quad ran gle to the east.  Ice- margin re treat
up the ice flow lines to ward the Great East Lake area passed
through the Wells, North Ber wick, and San ford quad ran gles.

De gla cia tion of the Great East Lake area oc curred dur ing
sys tem atic re treat of an ac tive ice mar gin fronted by a nar row,
proba bly 1,000-3,500 ft (300-1,000 m) wide, stag na tion zone.
This mode of re treat led to the depo si tion of a se ries of flu vial and 
la cus trine mor phose quences (Ko teff and Pessl, 1981), which
have been used to re con struct former ice- margin re treatal po si -
tions.  The cor re la tion dia gram of mor phose quences (Fig ure 2) is 
ar ranged for con ven ience by drain ages, gen er ally from west to
east and from south to north. 

The till man tle (Pt) is the old est Qua ter nary sedi ment de -
pos ited in the area.  As stated pre vi ously, no ex po sures or test
holes en coun tered iden ti fi able lodge ment till al though the
stream lined, drum li noid hills such as Hub bard Ridge ar gua bly
were con structed by lodge ment pro cesses.  Thus ab la tion and/or
debris- flow till is the old est mapped unit.  The till man tle is cer -
tainly time trans gres sive, es pe cially the debris- flow dia mic tons,
as ex pressed on the cor re la tion dia gram (Fig ure 2).

4

J. C. Boothroyd



Es ker sys tems:  Es ker sys tems were the ear li est gla cial
melt wa ter de pos its.  The Great East Lake sys tem (Pgege) is in -
ter preted as part of a larger through- going sys tem that in cludes
the Pine River sys tem in New Hamp shire as mapped by Goldth -
wait (1968).  De pos its of the Pine River es ker sys tem are found
in the Great East Lake quad ran gle in the north west cor ner ad ja -
cent to Pine River Pond.  Seg ments of the com bined Pine
River/Great East sys tem can be traced through Balch Pond,
over land east of Ac ton Ridge to Great East Lake, across Great
East Lake, and up over a drain age di vide west of Square Pond.
An eroded gorge in the till man tle on this di vide is in ter preted as
the con tinua tion of ice- tunnel drain age south east to Square
Pond, where es ker seg ments be gin again.  The Great East sys tem
can be traced south east to Mou sam Lake in the Mou sam Lake
quad ran gle where it merges with seg ments that trend down the
axis of Mou sam Lake.  A se ries of es ker seg ments in the west ern
West New field quad ran gle trend south from Prov ince Lake,
through Bel leau Lake to Stump Pond in the Great East Lake
quad ran gle where a Y- shaped seg ment sug gests that the here-
 named Prov ince Lake sys tem (Pgepl) joins the Pine River/Great
East sys tem and is tribu tary to it.  The Square Pond sys tem
(Pgesp) is in ter preted as a dis tribu tary sys tem of the Great East,
di verg ing at the south end of Great East Lake.  The Lit tle Os sipee 
es ker sys tem (Pgelo) ex tend ing from Balch Pond east to
Shapleigh Pond may be a dis tribu tary of the Great East sys tem
that ex tends down the Lit tle Os sipee River val ley, but the highly
dis con tinu ous seg ments are mostly bur ied by later de pos its and
are hard to in ter pret.

It may be ar gued that the Great East Lake es ker seg ments
are time trans gres sive and some of them cer tainly are, as in di -
cated on the cor re la tion dia gram (Fig ure 2).  The best ex am ple of
this are delta slope(?) beds de pos ited over a core of ice- tunnel
de pos its at the south end of Great East Lake at Grant Rd.  How -
ever, the abun dance of ice- tunnel de pos its in the in di vid ual seg -
ments, and the large clast sizes of the gravel, ar gue for a
sub gla cial river sys tem with a dis charge greater than can be re al -
ized by melt wa ter from the nar row stagnation- zone mar gin in the 
vi cin ity of in di vid ual seg ments. Much more im por tant is the fact
that the Great East Lake es ker sys tem can be traced up stream and 
down stream into ad ja cent quad ran gles and can be traced over
drain age di vides and in cludes melt wa ter chan nels eroded in the
till man tle.  The sys tem trends north west to south east across the
quad ran gle, par al lel to re gional ice- flow in di ca tors such as
stream lined hills.  This trend sug gests that the Great East Lake
es ker sys tem was ac tive as a through- going se ries of ice tun nels
when Lau ren tide ice was thick enough to main tain a re gional ice
flow from north west to south east across the quad ran gle.

The Hussey Hill (Pgehh) and South Ac ton (Pgesa) es ker
sys tems con sist of small, low ridges ori ented northwest-
 southeast, which is also down the slopes of the till- mantled hill -
sides.  These small sys tems proba bly rep re sent lo cal flow and
depo si tion in ice tun nels as the ice thinned over Hussey Hill.  No
re gional in ter pre ta tion is im plied.

Salmon Falls drain age:  The Lau ren tide ice thinned over
the bedrock- controlled to pog ra phy and mor phose quences
formed as ice re treated up pre- existing val leys.  Hum mocky mo -
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Fig ure 2.  Cor re la tion dia gram of mor phose quences in the Great East Lake quad ran gle.  The dia gram is ar ranged by drain ages, gen er -
ally from west to east and from south to north. 



raine (Phms1) was de pos ited at, and in front of, an ice- marginal
po si tion just north of the vil lage of Mil ton Mills, most likely in
the stag na tion zone ad ja cent to ac tive ice.  A small, par tially col -
lapsed, high delta (Pldu) was proba bly de pos ited at this same
time as ice pulled away from the val ley wall at Ger rish Mtn.
Road.  An ac tive pit in di cated a 6-8 m (20- 25 ft) sec tion of dip -
ping beds with climbing- ripple cross- stratification in me dium
sand in ter preted as delta- slope depo si tion.

As ice re treated up the val ley, hum mocky mo raine (Phms2)
was de pos ited ad ja cent to an ice- marginal po si tion, and a delta
(Pldf1) formed in a lake dammed by pre vi ously de pos ited hum -
mocky mo raine at Mil ton Mills.  No pits are ex posed in the delta,
but test holes in di cated coarse, peb bly sand along Flat Ground
Road (named Heath Rd. in NH).  Ice then re treated fur ther up the
val ley to a prob able po si tion across Heath Road. This po si tion is
pos tu lated based on de pos its east of Ger rish Mtn. dis cussed be -
low. Depo si tion of an other delta (Pldf2) proba bly be gan at this
time; depo si tion of Pldf2 con tin ued as Salmon Falls drain age at
Wil son Lake and Horn Pond be came ice free, and hum mocky
mo raine (Phms3) at the south end of Horn Pond was de pos ited.
The delta (Pldf2) re ceived sedi ment from the Horn Pond drain -
age (Pghp) as ice re treated to the mar gins of the pres ent Great
East Lake.

Ger rish Mtn.-South Ac ton drain age:  Ice re treat from the
ex treme south east cor ner of the quad ran gle led to depo si tion in
an early arm of gla cial Mou sam Lake (Plmd1).  Flow down al lu -
vial fans (Pgfsa, Pgfhr) car ried sedi ment to the Mou sam delta
plain.  The fans gath ered melt wa ter from drain age off Hussey
Hill and through melt wa ter chan nels cut in the till man tle on the
heights south of Ac ton vil lage. A steep al lu vial fan (Pgfgm3) be -
came ac tive as ice re treated to an ice- marginal po si tion at the
north end of Hub bard Ridge and to an up land ad ja cent to Ger rish
Mtn.  Loon Pond was oc cu pied by a large ice block as the Mou -
sam delta ac cu mu lated around it.

Ice thin ning and prob able stag na tion in the higher val leys
around Ger rish Mtn. led to the depo si tion of a com plex se ries of
gla cial flu vial and per haps some la cus trine de pos its (Pggm1 ).
Stag nant ice oc cu pied the pres ent site of Mel lion air port and cer -
tainly blocked part of the ero sional val ley lead ing to se quence
Pgfgm3.  The de gla cial his tory and re la tion ship of these se -
quences is not well un der stood.  A prob able ice- marginal po si -
tion was es tab lished north of Mel lion air port that al lowed
depo si tion of the al lu vial plain (Pggm2) on which the air port was
built.  Depo si tion may have been into a small lake with ice dams
to the south and drain age east through an ero sional chan nel at the 
pres ent site of the Ac ton town land fill on Grant Rd., and later
drain age south east where a wet land now ex ists.  How ever, no
delta- front beds are ex posed.  The glacial- alluvial fan (Pgfgm3)
re ceived melt wa ter from the Mel lion air port area at this time.

With drawal of ice to a po si tion just south of Wil son Lake
al lowed a delta (Pldwl) to ac cu mu late in the area be tween the ice
front and se quence Pggm2.  This highly im prob able delta, with
well ex posed delta- slope beds and a topset- foreset con tact, has
been noted above.  Drain age from the small lake may have es -

caped along the till hill side, now the south shore of Wil son Lake, 
and over land into the Square Pond drain age to the east. The en -
tire se ries of mor phose quences rep re sents a high set of de po si -
tional sur faces step ping down from 730 ft (222 m) (Pggm1), to
700 ft (213 m) at Mel lion air port (Pggm2), to a hum mocky 650 ft
(198 m)(Pldwl). Os ten sively, these se quences were be ing de pos -
ited at the same time as the lower delta units in the Salmon Falls
drain age.

Square Pond drain age:  Early drain age in the Square Pond 
val ley was south east to gla cial Mou sam Lake as part of mor -
phose quence Plmd1.  An ice- marginal po si tion was es tab lished
at the pres ent south ern bound ary of Square Pond and ex tended
south west to Hub bard Ridge and north east into the Mou sam
Lake quad ran gle.  A hum mocky gla cial al lu vial fan (Pgfsp1) de -
vel oped that de liv ered sedi ment to the early Mou sam Lake delta
plain (Plmd1).  This se quence was de pos ited around and mostly
bur ied older Great East Lake es ker seg ments.  Stag nant ice
proba bly oc cu pied the up per end of the pres ent Mou sam Lake
ad ja cent to the al lu vial fan (see the Mou sam Lake quad ran gle).

Re treat of the ice to a mid- Square Pond po si tion al lowed
melt wa ter to es cape to the south west through low ar eas be tween
the Great East Lake es ker seg ments and cut an ero sional chan nel
south east erly along Hub bard Ridge in slightly older Mou sam
Lake delta de pos its (Plmd1).  A high- gradient al lu vial fan
(Pgfsp2) was de pos ited into a small Square Pond gla cial lake.
This ice- marginal po si tion may be coe val with that north of Ger -
rish Mtn. which al lowed melt wa ter from a small lake, now con -
tain ing (Pldwl), to flow east ward and over land to the
high- gradient fan.  Melt wa ter and sedi ment may also have gath -
ered from the ero sional chan nel west of Square Pond (ear lier part 
of the Great East Lake es ker sys tem) out of the Great East Lake
ba sin, as the hill sides emerged from the ice.  A low- gradient gla -
cial al lu vial fan seg ment east of Square Pond is in cluded as part
of se quence Pgfsp2; it proba bly re ceived sedi ment from flow
along both mar gins of the stream lined hill.

An ice- marginal po si tion was es tab lished just east of the
south end of Great East Lake as evi denced by hum mocky mo -
raine de pos its (Phmge).  This po si tion proba bly was syn chro -
nous with a po si tion es tab lished .75 mile (1.5 km) north of
Square Pond that ex tended across the north end of the stream -
lined hill, south of the vil lage of North Shapleigh, and into the
Mou sam Lake quad ran gle.  This po si tion may be syn chro nous
with the re treat of ice in the Salmon Falls drain age to an un -
mapped po si tion at se quence Phms3.  A high- gradient al lu vial
fan (Pgfsp3) re ceived melt wa ter and sedi ment from the Great
East Lake ba sin; a lower gra di ent out wash plain (like wise part of
Pgfsp3) de vel oped to the north of Square Pond re ceiv ing melt -
wa ter and sedi ment from the Lit tle Os sipee drain age.  The varia -
tion in sur face ele va tions of the de po si tional sur faces east and
west of Square Pond ar gues for ice blocks in the po si tion of
Square Pond, a drop in gla cial lake ele va tion, or both.

Mou sam Lake drain age:  It is ap par ent from de po si tional
sur face ele va tions of mor phose quences Plmd1-3 that delta plains
were graded to three dif fer ent sur face ele va tions of gla cial Lake
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Mou sam.  In spec tion of the Mou sam Lake quad ran gle, in clud ing 
map ping by Meglioli and Thompson (1997a,b), in di cates that
there may have been three gla cial Mou sam Lakes: an ear lier,
south erly lake at ele va tion 520 feet (158 m) fol lowed by a later,
north erly lake at ele va tion 570 feet (174 m), and fi nally by a third 
lake at about 530 feet (162 m) in the North Shapleigh area.  It
may be pos si ble to al low a sin gle lake and take up the dif fer ence
in post gla cial re bound, but the lin ear dis tance due north at an an -
gle to pos tu lated re bound seems too small to ac count for the ele -
va tion dif fer ence.

Depo si tion (Plmd1) into the south ern lake was dis cussed
above as part of the South Ac ton and Square Pond drain ages.
Depo si tion into this stage of the lake in the Mou sam Lake quad -
ran gle (520 feet, 158 m level) al lowed the build ing of a mor -
phose quence south along the pres ent Jones Brook drain age to
the vi cin ity of Goose Pond.

Es tab lish ment of an ice- marginal po si tion south of the vil -
lage of North Shapleigh al lowed a large delta (Plmd2) to be gin
depo si tion into the sec ond gla cial Mou sam Lake.  This delta ex -
tended into the Mou sam Lake quad ran gle where delta slope beds 
are well ex posed in sev eral bor row pits (Meglioli, per sonal com -
mu ni ca tion, 1991).  The proxi mal delta- plain sur face was built to 
an ele va tion of 570 feet (174 m) in the Great East Lake quad ran -
gle.  Out flow from this lake stage was most likely south along the 
Jones Brook drain age.

Great East Lake drain age:  With drawal of ice west ward
from the Square Pond drain age at hum mocky mo raine po si tion
(Phmge) to a hum mocky mo raine po si tion in the nar rows of
Great East Lake (Phms4) must have co in cided with ice re treat
north of Square Pond to a po si tion run ning east- west or par al lel
to the pres ent Lit tle Os sipee River.  This re sulted in the depo si -
tion of a se ries of steep gla cial al lu vial fans (Pgfmp) that ex -
tended south ward in the Moose Pond area to Great East Lake.
Out flow was east ward into the Square Pond drain age and hence
into the south erly gla cial Mou sam Lake.  De pleted bor row pits
show coarse cobble- to- boulder gravel and the fans show a some -
what hum mocky sur face to pog ra phy in di cat ing prob able bur ied
ice at the time of depo si tion.  There are many old bor row pits in
the Great East Lake es ker seg ments in the Moose Pond area
which il lus trate bur ial of the ear lier es ker seg ments by the later
al lu vial fan de pos its.  The apex of the most west erly fan at north -
east cor ner of Ac ton Ridge may rep re sent the last dis charge of
wa ter and sedi ment from the Great East lake ice- tunnel sys tem
down the old Great East Lake- Square Pond- Mousam Lake sys -
tem.

The mid Great East Lake ice- margin po si tion is ten ta tively
cor re lated with simi lar hum mocky mo raine de pos its (Phms4)
bor der ing the south ern lake mar gin north of Horn Pond as dis -
cussed above.  Re treat of the ice from the west ern end of Great
East Lake to a hum mocky mo raine po si tion south of Balch Pond, 
al lowed the depo si tion of a delta (Pldge) into a gla cial Great East
Lake.  Al most all of this de posit is in New Hamp shire, thus was
not ex am ined in de tail ex cept to note that the source of melt wa ter 
was the Pine River- Province Lake es ker sys tem be cause the

delta is sur rounded on the east by till up lands with no large drain -
age sources.  Drain age proba bly was down the pres ent Salmon
Falls River Val ley.

Lit tle Os sipee Val ley drain age:  Ice- margin re treat into the
Lit tle Os sipee River val ley caused a shift of melt wa ter from a se -
ries of southeast- trending sys tems to an east erly drain age down
the  Lit tle Os sipee River val ley.  A gla cial flu vial sys tem (Pgbp)
re ceived melt wa ter and sedi ment from a steep- gradient al lu vial
fan (Pgfbm) with a source over land from the West New field
quad ran gle and from vari ous sources to the west, north of Balch
Pond.  This sys tem was de pos ited in an ice- choked Lit tle Os -
sipee val ley and par tially bur ied ear lier es ker seg ments (Pgelo).
The se quence east of Gile and Bond Mtns. (Pgfml) may have
been simi larly de pos ited at this time. 

The fi nal mor phose quence to be de pos ited in the Great East 
Lake quad ran gle is a lower delta sur face (Plmd3) along the Lit tle
Os sipee River east of Balch Pond that cor re lates with gla cial
Lake Mou sam de pos its in the Mou sam Lake quad ran gle
(Meglioli and Thompson, 1997a,b). Part of se quence Plmd3, in
the ex treme north east ern cor ner of the quad ran gle, had a source
in the West New field quad ran gle and con tin ues into the Mou sam 
Lake quad ran gle.  

Im pli ca tions for Re gional De gla cial His tory

The late gla cial his tory of the quad ran gle may be di vided
into two se quences of events: (1) the crea tion and main te nance
of the large through go ing ice- tunnel sys tems, es pe cially the Pine 
River/Great East Lake sys tem; and (2) the sys tem atic de gla cia -
tion of the quad ran gle by stagnation- zone re treat with the depo -
si tion of mor phose quences.  The Pine River/Great East Lake
ice- tunnel sys tem ex isted dur ing late gla cial time when re gional
ice was thick enough to main tain flow from north west to south -
east. Down stream, the ice- tunnel sys tem is in ferred to con tinue
to the glacial- marine del tas of the Sanford- Wells area re ported
by Ko teff and oth ers (1993).  The im pli ca tion is that, simi lar to
the ice- tunnel sys tems of east ern Maine (Ash ley and oth ers,
1991), the Pine River/Great East sys tem, and other sub par al lel
sys tems in other quad ran gles (Boothroyd, 1995; Thomp son and
Borns, 1985a), con trib uted melt wa ter and sedi ment from east-
 central New Hamp shire to the del tas at the ma rine limit in south -
west ern Maine, a dis tance of up to 50 km.  Melt wa ter and sedi -
ment would have been trans ported from the Os sipee area of
east- central New Hamp shire when these ar eas were still ice cov -
ered.  If this is true, then the ice mar gin po si tions for south west -
ern Maine re ported by Thomp son and Borns (1985a) must be
modi fied be cause they show the Great East area ice- free by
14,000 yr B.P., whereas the coastal delta lo ca tions are still ice-
 covered.

More re cent in ter pre ta tions (Ko teff and oth ers, 1993) place 
the ice mar gin on the pres ent south west ern Maine coast be tween
14,500 and 14,000 14C yr B.P. The ice mar gin was at the glacial-
 marine del tas in south west ern Maine about 14,000 yr B.P. when
the Pine River/Great East sys tem is in ter preted to ac tive.  Rapid
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de gla cia tion took place in the 100- 200 years around 14,000 14C
yr B.P., based on evi dence of delta ele va tions and po si tions of
Ko teff and oth ers (1993), as the ice mar gin re treated from the
coastal ma rine del tas to the up lands of the Great East Lake and
sur round ing quad ran gles.  The re gional ice- tunnel sys tems were
de ranged as the ice thinned and the mar gin re treated across the
quad ran gle, al low ing depo si tion of flu vial and la cus trine mor -
phose quences. 

Post gla cial Ge ol ogy

Melt ing of re sid ual ice, af ter the ice mar gin had re treated
out of the area, and run off of me te oric wa ter re sulted in down cut -
ting into till slopes and the ice- proximal slopes at the heads of
mor phose quences.  An ex ten sive set of man- made dams on most
of the drain ages have sub merged many of the Holo cene de pos its
of the val ley bot toms be neath pond and lake wa ters.  How ever,
post gla cial flu vial ter race sur faces are well dis played in the Lit -
tle Os sipee River val ley near the vil lage of North Shapleigh.
Wet land marshes de vel oped on the former gla cial lake floor in
the Salmon Falls drain age, and mixed marsh and swamp wet -
lands de vel oped in most ket tle holes and some larger ice- block
ba sins.  Pre sent run off is gath ered in tribu tary streams that flow
to ei ther the Salmon falls River on the west, the Mou sam River to 
the south east, or the Lit tle Os sipee River in the north ern part of
the quad ran gle.

Eco nomic Ge ol ogy

Sand and gravel min ing op era tions have con cen trated on
the ice- tunnel de pos its of the es ker seg ments.  Many aban doned
and de pleted bor row pits at test to past ac tiv ity.  The larg est, pres -
ently ac tive op era tion is the Pepin and Sons pit ad ja cent to
Square Pond.  This pit, with sev eral ac tive faces up to 30 ft (10 m) 
high in ice- tunnel de pos its, main tains an ac tive crush ing and
screen ing op era tion.  There are other small op era tions, many in
mostly mined- out ar eas around Moose Pond, which sup ply lo cal
gravel needs.  The only ac tive, bank- run sand sup ply is the bor -
row pit in delta- slope de pos its south of Wil son Lake that has an
ac tive 50 ft (15 m) high work ing face.

The es ker seg ments in Balch Pond and Great East Lake are
prime wa ter front build ing sites for sum mer homes.  In fact, the
sum mer va ca tion in dus try is in con flict with sand and gravel
min ing in some lo ca tions in the quad ran gle be cause of noise
from gravel crush ers and truck traf fic on sec on dary un paved
roads.
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