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IN TRO DUC TION

The pres ent in ves ti ga tion was car ried out as part of a co op -
era tive geo logic map ping proj ect funded by the Maine Geo logi -
cal Sur vey and the U.S. Geo logi cal Sur vey.  Two maps are
as so ci ated with this re port.  The geo logic map (Lepage, 1997)
shows the dis tri bu tion of the sedi men tary units and dis cusses
their age, com po si tion, and ori gin.  It also in cludes in for ma tion
re lat ing to the geo logic his tory of the quad ran gle, such as gla cial
stria tion azi muths and ra dio car bon dates on fos sil or ganic re -
mains.  The geo logic map pro vides the ba sis for the dis cus sion of 
gla cial and post gla cial his tory pre sented here.  The ma te ri als
map (Lepage, 1998) shows spe cific site data used to help com -
pile the geo logic map.  These data in clude ob ser va tions from
gravel pits, shovel and auger holes, con struc tion sites, and test
bor ings.  

Geo graphic Set ting

The North Se bago 7.5- minute quad ran gle is lo cated in
south west ern Maine about 20 miles north west of Port land and
about 8 miles east of the New Hamp shire bor der.  The map is
bounded by 43°52'30" and 44°00'00" lati tude, and 70°45' and
70°37'30" lon gi tude.  The area mapped in cludes parts of the
towns of Se bago, Naples, Hi ram, Den mark, and Bridg ton.   The
to pog ra phy con sists pri mar ily of roll ing hills, reach ing a maxi -
mum ele va tion of 1147 feet at Bald Pate Moun tain in the cen tral
part of the map area.  Por tions of two large lakes, Long Lake and
Se bago Lake (the low est point in the quad ran gle at 267 feet), oc -
cur in the north east ern and south east ern cor ners re spec tively.
The area is dot ted by a number of smaller ponds and lakes, as
well as nu mer ous wet lands.  The ma jor drain age sys tem is the
North west River, which ex tends from Pea body Pond in the cen -
ter of the map, drain ing south ward to ward Se bago Lake.

Bed rock Ge ol ogy

With the ex cep tion of Silurian- age mica schist, mig ma tite,
and quartz ite of the Rindge mere For ma tion and a small slice of
the Silurian- Ordovician Vas sal boro For ma tion grano fels in the
south west ern cor ner, the map area is un der lain by the Se bago
batho lith.  This Carboniferous in tru sive body con sists of a
muscovite- biotite gran ite (Gil man, un pub lished; Os berg and
oth ers, 1985).

PRE VIOUS WORK

Among the ear li est geo logic in ves ti ga tions in this part of
the state was Stone’s re con nais sance of gla cial gravel de pos its
(Stone, 1899).  A more de tailed re con nais sance was per formed
by Thomp son in the 1970s (Thomp son and Smith, 1977).  Sand
and gravel aq ui fer map ping con ducted by the Maine Geo logi cal
Sur vey iden ti fied sev eral small aq ui fers scat tered through the
quad ran gle and one rela tively large aq ui fer along the North west
River as hav ing yields in the 10 to 50 gallon- per- minute range.
There were no mapped aq ui fers with yields greater than 50 gal -
lons per minute (Wil liams and Lanc tot, 1987).

DE SCRIP TION OF MAP UNITS

Till (Pt)

Till is by far the most com mon of the sur fic ial geo logic de -
pos its in the map area.  Till is a poorly sorted sedi ment, or dia -
mic ton, de pos ited by the gla cier.  It con sists of a mix ture of
par ti cle sizes, which can range from clay to boul ders, that are the
prod uct of gla cial ero sion of  bed rock or pre vi ously de pos ited
sur fic ial ma te ri als.  The com po si tion of the tills in the North Se -
bago quad ran gle re flect the na ture of their source.  The tills are
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gen er ally sandy or silty- sandy and con tain nu mer ous stones.
The lack of finer- grained ma te rial re sults from the coarse ness of
the un der ly ing gran itic bed rock.  The sandy na ture of the till ma -
trix and lim ited ex po sures make it dif fi cult to clearly iden tify or
dif fer en ti ate lodge ment and ab la tion tills.  In gen eral, the lodge -
ment tills are rela tively com pact and some what fis sile, or ex hib it
a platy struc ture (Sites 116 and 143 on the ma te ri als map).  The
ab la tion tills (Site 102, for ex am ple, on the ma te ri als map) tend
to be less com pact and may show crude strati fi ca tion.  The tills
ob served in the field ap pear to be the so- called “up per” till de -
pos ited dur ing the most re cent ma jor gla cia tion be tween about
26,000 and 14,000 years ago (Wed dle and oth ers, 1989).  The
“lower” till, which was de pos ited by an ear lier gla cier ad vance,
was not iden ti fied dur ing this in ves ti ga tion, al though it may be
pres ent in the area.

Stream lined land forms iden ti fied on the geo logic map are
likely bedrock- cored ridges with a ve neer of glacially- smoothed
till.  The geo logic map also shows ar eas in ter preted as hav ing till
de pos its that are less than 10 feet thick.  These ar eas of “thin
drift” oc cur pri mar ily on the up per slopes of the steeper hills.
De linea tion of thin drift is based on field ob ser va tions of land -
forms and  bed rock out crops, sup ple mented by in ter pre ta tion of
aer ial pho to graphs.  In ad di tion, wa ter well in for ma tion com -
piled by the Maine Geo logi cal Sur vey, while not ex ten sive in this 
area, pro vides some data con cern ing over bur den thick ness
(Maine Geo logi cal Sur vey, 1997).  

End Mo raines (Pem)

End mo raines are ridges of till, and some times other ma te -
rial, formed at the gla ci er’s ter mi nus.  

The mo raines typi cally form in topo graphi cally low- lying
ar eas from ma te rial trans ported by the gla cier, and thus rep re sent 
ice- margin po si tions.  As in the Hi ram quad ran gle im me di ate ly
to the west (Thomp son and Hol land, 1999a,b), mo raines oc cur in 
only a few lo ca tions in the North Se bago quad ran gle.  Where the
mo raines are wide enough, such as at the south end of Fos ter
Pond, north of Per ley Pond, and north of Se bago Cove, the ridge
is de line ated as map unit Pem.  The small mo raines north of Mid -
dle Pond (west edge of map) are in di cated by a map sym bol only.

Hum mocky Mo raine (Phm)

Only one area of hum mocky mo raine has been de line ated
in the quad ran gle, al though sev eral ar eas have been mapped in
the ad ja cent Hi ram quad ran gle.  The land sur face is very lumpy
or knobby in ap pear ance and typi cally marked by many boul -
ders.  Hol land (1986) sug gested that this type of de posit formed
as stag nant debris- rich ice melted.  The area may also in clude
mo raine ridges that formed along the ice mar gin.

Es kers (Pge)

Es kers, sand and gravel ridges that ac cu mu lated in
meltwater- stream tun nels within the gla cier or in stream chan -
nels in cised in the ice sur face, are rare in the North Se bago map
area.  Short es ker seg ments have been mapped south of Mid dle
Pond and South east Pond, and on the hill side west of Pea body
Pond.  Stone (1899) pro vided the ear li est de scrip tion of these es -
kers.

Sand and Gravel and Ice-Con tact De pos its (Pg and Pgi)

Where the for ma tion of sand and gravel de pos its is not un -
der stood, the de pos its are des ig nated by the map sym bols Pg or
Pgi.  The sym bol Pgi in di cates an ice- contact de posit, or where
the sand and gravel ac cu mu lated ad ja cent to gla cial ice.  Where
con tact with ice is not clearly dem on strated, as in the de pos its
along the North west River, the unit is marked with the Pg sym -
bol.  The con tact be tween the sand and gravel units and the ad ja -
cent till was not ex posed in the field.  The sandy na ture of the till
in the map area fur ther com pli cated in ter pre ta tion.  Air pho tos
and soils maps (Hed strom, 1974; Wilk in son, 1995) were used in
sup port of field ob ser va tions to in ter pret bounda ries.

Gla cial Lake Han cock (Plhd)

Thomp son and Hol land (1999a,b) mapped a se quence of
sand and gravel de pos its in the east ern part of the Hi ram quad -
ran gle they in ter preted as be ing de pos ited in or in as so cia tion
with a gla cial lake or lakes.  The de pos its were des ig nated as Gla -
cial Lake Han cock de pos its and des ig nated as map unit Plhd.
The lake(s) was thought to have been dammed by an es ker seg -
ment at the south west cor ner of Barker Pond.  Gla cial Lake Han -
cock de pos its ex tend into the North Se bago quad ran gle along the 
shores of the present- day Han cock Pond, where they con sist of
flat- topped plains.  Lim ited ex po sures along the shore or in
shovel holes in di cate the de posit con sists of sand and gravel.

Wil lett Brook De pos its (Plwb)

These de pos its were also mapped and named by Thomp son 
and Hol land (1999a,b).  The sand and gravel de pos its mapped in
the Hi ram quad ran gle ex tend into the north west cor ner of the
North Se bago map area as well as into the Bridg ton quad ran gle
to the north.  The map unit oc curs within the drain age area of
Wil lett Brook, hence its name.  It is in ter preted as hav ing been
de pos ited in a lake dammed by the re treat ing gla cier.  It is pos si -
ble that the Wil lett Brook de pos its are ac tu ally part of the Gla cial
Lake Han cock de pos its.  How ever, there is no clear con nec tion
through the Per ley Pond area be tween Plwb de pos its at the up per
reach of Wil lett Brook and the Gla cial Lake Han cock de pos its to
south west.
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La cus trine De pos its (Plsb)

While more com mon in the Naples quad ran gle im me di ate -
ly to the east (Hil dreth, 1997a,b), gla cial lake- bottom de pos its
have not been iden ti fied as wide spread in the North Se bago
quad ran gle.  A small area has been iden ti fied at the north end of
Se bago Cove.  Sev eral small ex po sures of fine- grained rhyth -
mites have been iden ti fied along San born’s Point near North Se -
bago.  How ever, their lim ited ex tent pre cludes their be ing shown 
on the geo logic map.  A se ries of stran dlines in the field along
Sandy Beach Road in North Se bago in di cate a se ries of shore -
lines higher than the cur rent wa ter lev els in Se bago Lake.  Hil -
dreth has sug gested that the ma jor ity of the water- laid de pos its in 
the Naples quad ran gle are graded to a col at an ele va tion of 310
to 320 feet asl, or over a notch in the ice block that might have
filled the Se bago Lake ba sin.  The ele va tions of the stran dlines at
North Se bago range from ap proxi mately 300 to 320 feet in ele -
va tion, and may be re lated to lake lev els as so ci ated with late gla -
cial drain age in the Se bago Lake ba sin.

Beach De pos its (Hls)

Many shore lines within the map area are rocky or boul dery. 
A lim ited number of mod ern beaches have been des ig nated by
Hls on the geo logic map.  These are typi cally nar row sand and
gravel de pos its formed by wave and cur rent ac tion along
present- day lake shore lines.  While beach de pos its have only
been mapped along the shores of Long and Se bago Lakes, they
may oc cur else where, par ticu larly where shore lines have formed 
in gla cial sand and gravel de pos its.

Wet land De pos its (Hw)

Nu mer ous wet lands where organic- rich ma te rial has ac cu -
mu lated in poorly- drained ar eas oc cur through out the map area
and are des ig nated Hw.  Some of the wet lands, in clud ing a cou -
ple in the vi cin ity of Mid dle Pond, formed in ket tles af ter the ice
within the de pres sion melted.  The bounda ries shown on the geo -
logic map are adapted from the 1992 U. S. Fish and Wild life
Serv ice wet land maps.  These wet land bounda ries have not been
field checked and should not be used for land- use plan ning, zon -
ing, or other ac tivi ties re quir ing ac cu rate wet land map ping.
Only the wet land area along Wil lett Brook was in cluded in a
state- wide in ven tory of peat re sources (Cam eron and oth ers,
1984).  The bog was es ti mated to have an av er age thick ness of 10 
feet over a 200- acre ex tent.

Al lu vium (Ha)

Wet land de pos its mapped ad ja cent to streams and riv ers
are of ten as so ci ated with al lu vial de pos its.  Else where on the
map, the al lu vial de pos its are des ig nated as Ha and con sist of a
va ri ety of sedi ments de pos ited in a riv er ine en vi ron ment.

GLA CIAL AND POST GLA CIAL GEO LOGIC
HIS TORY

Gla cial His tory

The North Se bago map area has likely been sub jected to
sev eral epi sodes of gla cia tion dur ing the Pleis to cene Ice Age.
How ever, only evi dence of the last ma jor ad vance of the Lau ren -
tide Ice Sheet was ob served.  The “lower” till de pos ited by one of 
the ear lier gla cier ad vances was not iden ti fied, al though it may
be pres ent in the area (Wed dle and oth ers, 1989).  In ad di tion,
stria tions and other in di ca tors of pre vious gla cial events are
lack ing. Dur ing the most re cent ma jor gla cia tion, gla cial ice
reached its maxi mum ex tent on the con ti nen tal shelf by about
26,000 years bef ore pres ent (B.P.).  Trans gres sion of the sea was
con cur rent with re treat of the ice mar gin, reach ing the pres ent
Maine coast around 14,800 years B.P. (Wed dle and Re telle,
1995).  In this part of the state, the sea reached its maxi mum in -
land lo ca tion, called the “in land ma rine limit” some where in the
Se bago Lake ba sin.  The area cov ered by the North Se bago quad -
ran gle was ap par ently not in un dated by ma rine wa ters, and
there fore lies be yond or above the in land ma rine limit.

The mode of de gla cia tion, and con se quent depo si tion, in -
land of the ma rine limit have been de scribed by Hol land (1986),
Thomp son (1989), and oth ers.  Mo raines are gen er ally smaller
and not nearly as com mon as in the coastal ar eas sub jected to ma -
rine trans gres sion.  As de gla cia tion pro ceeded in the hilly ter -
rains, to pog ra phy ex erted an in creas ing in flu ence on ice flow
di rec tion and de po si tional lo ca tions as large por tions of the ice
be came cut off from the thin ning pri mary ice mass.  This re sulted 
in a largely stag nant ice mar gin in the fi nal stage of de gla cia tion,
with as so ci ated depo si tion of ab la tion till, gla cial lake sedi -
ments, and melt wa ter de pos its.

Evi dence of ice flow di rec tion dur ing the last ma jor ad -
vance is poorly pre served in the map  area.  The coarse- grained
tex ture of the un der ly ing bed rock is not con du cive to re tain ing
stria tions once ex posed to weath er ing.  The stria tions ob served
on freshly ex posed bed rock sur faces ranged from 150° to 170°,
with the 150°-155° end in dica tive of peak Lau ren tide flow,
while later ice flow was gen er ally more south erly.

Postgla cial His tory

Dur ing the past 10,000 years (the Holo cene or postgla cial
pe ri od), any re main ing gla cial lakes, such as Gla cial Lake Han -
cock, drained.  Drain age pat terns be came sta bi lized, re sult ing in
the cur rent ar range ment of ponds, lakes, riv ers, and streams.  The 
on going de vel op ment of post glacial de pos its in cludes ac cu mu -
la tion of or ganic ma te rial in wet lands and sedi ments in lake bot -
toms.  Ero sion and depo si tion both oc cur in mod ern beaches and
in al lu vium along streams and riv ers.  Along with the es tab lish -
ment of vege ta tion, man- made al tera tions, such as the con struc -
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tion of the now- abandoned rail road line through the west ern
por tion of the quad ran gle, also change the land scape.
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