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IN TRO DUC TION

The sur fic ial ge ol ogy of the Cum ber land Cen ter 7.5-
 minute quad ran gle was mapped dur ing 1990 through 1993 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 in the coastal low land cor ri -
dor of south west ern Maine.  Two maps are as so ci ated with this
report:  a sur fic ial geo logic map (Re telle, 1999a) which shows
land forms and geo logic map units in ter preted from the un der ly -
ing sur fic ial ma te ri als and a ma te ri als map (Re telle, 1999b)
which shows thick ness and tex tural com po si tion of sedi ments in
the map area.  

Lo ca tion

The Cum ber land Cen ter 7.5- minute quad ran gle (43o45' to
43o52'30" north lati tude and 70o15' to 70o22'30" west lon gi tude)
is lo cated in the coastal zone of south west ern Maine in Cum ber -
land County. The map area in cludes por tions of the towns of Fal -
mouth, Wind ham, West brook, Cum ber land, Gray, and North
Yar mouth. Much of the map area is ru ral to ru ral resi den tial and
much of the land is util ized for ag ri cul ture. Many sum mer homes 
are situ ated on High land Lake and For est Lake.  The Maine
Turn pike nearly bi sects the map sheet, cut ting a north- south line
through the cen ter of the quad ran gle.

The to pog ra phy of the quad ran gle is strongly in flu enced by 
bed rock. A promi nent north- south ridge ex tends the length of the 
map area and in cludes (from north to south) Hunt Hill, Dut ton
Hill, Ath er ton Hill, and Black strap Hill (also called Mount In de -
pend ence). Sev eral peaks along the crest of the ridge ex ceed 500
feet in ele va tion.  High land Lake is situ ated in a low land to the
west of the ridge while For est Lake and the Pis cataqua River val -
ley are situ ated in the nar row north- south val ley east of the ridge.
Sev eral broad hills sepa rate the Pis cataqua River drain age from
the Mill Brook drain age to the east.

In the north west and north- center of the quad ran gle, the
low lands of the Pleas ant River, Thayer Brook, and Wig gins

Brook val leys drain the broad, flat Gray Meadow.  The Royal
River cuts through the ex treme north east ern cor ner of the quad -
ran gle, in cis ing a thick ac cu mu la tion of fine- grained sur fic ial
de pos its.  In the low lands, sur fic ial ma te ri als, in clud ing sand,
silt, clay, and till com monly blan ket the bed rock to pog ra phy; in
some ar eas the sur fic ial blan ket is thin and bed rock out crops are
more com mon.

Pre vious Sur fic ial Geo logic Map ping and Re lated Stud ies

A re con nais sance map of the sur fic ial ge ol ogy of the Cum -
ber land Cen ter quad ran gle was com pleted by Pres cott, Smith
and Thomp son (1976). Smith (1980) also mapped mo raines and
strati fied drift fea tures of the quad ran gle as part of a re gional
com pi la tion of these fea tures in Cum ber land County.  Re con -
nais sance sur fic ial geo logic maps in clude the Port land West
(Thomp son, 1976a), Gray (Thomp son, 1976b), and Yar mouth
(Pres cott and Thomp son, 1977) quad ran gles. In the map quad -
ran gles bor der ing Cum ber land Cen ter, de tailed map ping was
un der taken in con junc tion with the CO GEO MAP pro gram, in -
clud ing the North Wind ham quad ran gle (Bolduc and oth ers,
1997a,b) and sev eral that are cur rently in prepa ra tion.

Bed rock Ge ol ogy

With the ex cep tion of the south east ern cor ner of the quad -
ran gle, most of the study area lies within the Carboniferous- age
Se bago batho lith (Os berg and oth ers, 1985). While there are
some varia tions in com po si tion of the rocks within the Se bago
plu ton (Creasy, 1993), most of the gran ite that com prises the plu -
ton is gray, fo li ated, medium- grained, and mus co vite bear ing. 

The Or do vi cian to Silurian- age Vas sal boro For ma tion is
ex posed in the hilly ter rain in the south east ern cor ner of the
quad ran gle, west of the Fal mouth Coun try Club (Os berg and
oth ers, 1985). These polyde formed me tasedi men tary rocks crop
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out along a northeast- southwest struc tural trend that typi fies the
strike of meta mor phic rocks in this part of the coastal zone.

Meth ods Used in this Study

Vari ous meth ods were em ployed in the geo logic in ves ti ga -
tion. Pre limi nary analy sis of to pog ra phy and land forms was
made us ing ver ti cal aer ial pho tog ra phy.  In for ma tion ob tained
from air photo analy sis was cor re lated with to pog ra phy ex -
pressed on the 1:24,000 scale base map and then field- checked
by foot and auto mo bile tra ver ses.

The pri mary data was ob tained by field in ves ti ga tion of
natu ral and ar ti fi cial ex po sures.  Natu ral ex po sures of sur fic ial
ma te ri als were lim ited to a few small ex po sures such as stream
and river cuts.  More ex ten sive ar ti fi cial ex po sures in ac tive bor -
row pits pro vided the best pic ture of sur face and sub sur face ma -
te ri als.  Nu mer ous in ac tive pits are also lo cated within the
quad ran gle and pro vided a lim ited view of the ma te ri als.  In ad di -
tion, tem po rary ex po sures such as build ing ex ca va tions, tele -
phone pole holes, and trenches for wa ter and sew age lines were
of ten util ized.  Many hand auger holes and small shovel holes
were dug in the sur face sedi ments.

Well and bor ing logs pro vided valu able sub sur face data, al -
though this data is sparse in some ar eas and con cen trated in other 
lo ca tions.  Well logs pro vided by the Maine Geo logi cal Sur vey
in di cate the depth to bed rock.  Bor ing logs were ob tained from
sev eral sources.   A de tailed net work of bor ings was made for the
town of Cum ber land Cen ter dur ing ex pan sion of wa ter and
sewer serv ice for the town.

SURFICIAL  DEPOSITS

The fol low ing is a de scrip tion of the vari ous sur fic ial geo -
logic map units, their prin ci ple iden ti fy ing char ac ter is tics that
were em ployed dur ing the map ping of the field area and the geo -
logi cal sig nifi cance of the units ex plained in terms of the lo cal
and re gional geo logi cal his tory.

Till (Map unit Pt)

In this study, the term till is de fined as poorly sorted sedi -
ment de pos ited di rectly by the ac tion of gla cial ice.  Till in cludes
a gen er ally fine- grained ma trix (con sist ing of a mix ture of sand,
silt, and clay) and clasts of vary ing com po si tion (meta mor phic
and ig ne ous) and size, rang ing from peb bles to boul ders. In some 
lo ca tions, the till dis plays mi nor de formed strati fi ca tion with
more sorted lay ers or lenses of fine to coarse sand. Clasts in the
till are com monly sub rounded to suban gu lar with per cus sion
marks and frac tured edges.  Some clasts are stri ated and pol -
ished.  The till in the field area is gen er ally com pact and ranges in 
color from dark ol ive gray to dark ol ive brown.

Till oc curs in sev eral stra tigraphic and mor phol ogic as so -
cia tions in the field area.  Most till mapped in the quad ran gle is in

the hilly ar eas, where a ve neer of till of vary ing thick ness
over lies bed rock.  Where the till ve neer is thin, the sur face to pog -
ra phy re flects that of the un der ly ing bed rock and bed rock out -
crops may be com mon.  In this case a hori zon tally ruled pat tern is 
shown on the sur fic ial geo logic map.  

Where till oc curs at the sur face and masks the un der ly ing
bed rock, a gen tly roll ing to pog ra phy with a boul dery sur face is
com mon.  Along with an as sort ment of strati fied ma te ri als, till
also oc curs in some end mo raines and other ice- contact de pos its
(Smith, 1985; Re telle and Bither, 1989).

Till also oc curs be neath a vari able thick ness of glacial-
 marine and glacial- fluvial de pos its and over ly ing bed rock.  In
rare in stances, thin lay ers and pods of till may oc cur within strati -
fied sedi ments.  This type of till, de pos ited in sedi ment grav ity
flows, is com monly re ferred to as flowtill (Hart shorn, 1958;
Boul ton, 1971).

The de fini tive age of till in the field area is un known.  It is
as sumed that the till was most likely de pos ited dur ing the last ad -
vance and re treat of the Lau ren tide ice sheet through the area
dur ing the late Wis consi nan gla cia tion.  It is pos si ble, how ever,
that some till ex posed at depth may be older, de pos ited dur ing a
pre- late Wis consi nan gla cia tion (cf. Thomp son and Borns,
1985a; Wed dle and oth ers, 1989). 

End Mo raines

End mo raines of vari ous sizes have been mapped in the
field area.  End mo raines are in ter preted as lin ear ridges of vary -
ing com po si tion de pos ited par al lel to, and along, the former
front of the re treat ing gla cier mar gin.  In this study, end mo raines
were iden ti fied in the field by their lin ear mor phol ogy and also
by air pho to graph analy sis (Smith, 1980, 1982) fol lowed by field 
check ing.  The mo raines vary in height, length, and spa tial dis tri -
bu tion across the quad ran gle and the re gion.  Small end mo raines 
may be as small as sev eral feet high and sev eral tens of feet in
length, whereas larger mo raines may be over 20 feet high with
in di vid ual seg ments over 1/4 mile long. How ever, dis tinct mo -
raine ridges are usu ally dif fi cult to dis tin guish from ground level
in the field be cause the ridges are usu ally draped by a ve neer of
fine- grained glacial- marine sedi ment. Smith (personal com -
munication, 1989) there fore has fre quently iden ti fied mo raines
on air pho to graphs based on color or to nal varia tions (in dica tive
of vary ing sedi ment tex tures) of lin ear land forms ar ranged per -
pen dicu lar to the di rec tion of ice flow. In this re port, most mo -
raines, be ing so nar row, are des ig nated by red- colored line
sym bols on the sur fic ial geo logic map.

 When ex posed in bor row pits, it is com monly seen that the
in ter nal struc ture of the end mo raines is com plex, con tain ing a
wide range of ma te ri als in clud ing slabs of till, folded and faulted
sand and gravel and fine- grained ma rine sedi ments (Smith,
1982; Smith and Hunter, 1989; Re telle and Bither, 1989).

Sev eral se ries of small mo raines were mapped in the north -
east ern cor ner of the quad ran gle in the Royal River val ley. Sev -
eral short lin ear seg ments ap proxi mately 50 to 100 feet long and
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5 feet high in di cate ice mar ginal po si tions with an av er age spac -
ing of ap proxi mately 500 feet and rep re sent ice re treat to the
north- northwest up the Royal River val ley.  A simi lar se ries of
mo raine ridges oc curs in the cen tral Pis cataqua River val ley
south east of Pop lar Ridge. 

Strati fied Drift De pos its

The low land ar eas and val leys of the quad ran gle were de -
po si tional sites for abun dant quan ti ties of sedi ment that origi -
nated from the melt wa ter sys tem of the re treat ing marine- based
ice sheet. Sedi ment de rived from sub gla cial and en gla cial drain -
age is de liv ered to the ma rine en vi ron ment through ice- walled
tun nels to glacial- marine fans and del tas.  These fea tures are
com monly mor pho logi cally and stra tigraphi cally com plex. In
mod ern tide wa ter gla cier set tings, fans oc cur at the gla cier
ground ing lines where melt wa ter streams en ter the sea and hence 
are termed ground ing line fans (Pow ell, 1990).   Where an ice
mar gin may halt for a pe ri od of time at a val ley con stric tion or a
sub gla cial bed rock topo graphic high (termed a pin ning point)
and abun dant sedi ment is de liv ered to the pro gla cial zone, fans
may ag grade to wards the sur face of the sea and even tu ally be -
come flat- topped del tas (cf. Pow ell, 1990).

Es kers (Map unit Pge).  Lin ear ridges of poorly sorted
sand and gravel, ori ented roughly par al lel to former ice flow and
per pen dicu lar to end mo raines were mapped in close as so cia tion
with sub ma rine fan and delta de pos its.  Be low the ma rine limit,
es ker ridges may be found in two gen eral as so cia tions: (1) a
coarse boul dery gravel core in the fan com plexes and (2) as
feeder tails on the ma rine fans or del tas (cf. Thomp son and oth -
ers, 1989; Cros sen, 1991).  Sharpe (1987) re fers to de pos its in a
simi lar glacial- marine set ting in the Ot tawa area as con duit de -
pos its, formed by en gla cial or sub gla cial streams that de liv ered
sedi ments to the sub ma rine fans. Es kers may be found di rectly
over ly ing bed rock or till and are gen er ally as so ci ated with other
ice- contact or col lapsed to pog ra phy.  In east ern Maine, Ash ley
and oth ers (1991) dis tin guish be tween ice tun nel de pos its which
are com prised of sedi ments de pos ited in the sub gla cial flu vial
en vi ron ment and es kers which they re serve for sinu ous ridges of
strati fied and un strati fied ma te rial ori ented sub par al lel to ice
flow.  

In the study area the best ex am ple of a feeder es ker is a
short seg ment in the ice proxi mal zone of the delta south of For -
est Lake. Sedi ments in the es kers are com monly faulted and
slumped, the re sult of melt ing of sup port ing ice.

Glacial- Marine Del tas (Map unit Pmd; Pmdi).  Glacial-
 marine del tas formed at the mar gin of the late- glacial sea where
coarse- grained de pos its, sand and gravel, ag graded from the sea
floor and/or pro graded sea ward from a melt wa ter sedi ment
source such as an es ker con duit or an out wash plain (cf. Thomp -
son and oth ers, 1989). These de pos its are gen er ally flat- topped
in plan view, and tabu lar to wedge- shaped in cross sec tion.
Three dis tinct sedi men tary units typ ify the glacial- marine del tas

in clud ing coarse topset beds with flu vial struc tures, seaward-
 dipping fore set beds (sand and gravel), and finer- grained bot -
tom set beds that in ter tongue with the fore set beds.  In a ver ti cal
se quence, the sea ward pro gra da tion of the delta causes a coars -
en ing up ward se quence topped by the flu vial topset beds.  

A fine ex am ple of a glacial- marine delta in the map area is
the For est Lake delta, lo cated south of For est Lake at the cen ter
of the Pis cataqua River val ley.  This delta is an ice- contact delta
(Pmdi), bor dered in the north by col lapsed ice- contact land forms 
com prised of coarse gravel and sand.  A short es ker seg ment
which is a lin ear is land in For est Lake (map unit Pge) grades into
the north west cor ner of the delta. The north side of the delta,
along the south shore of For est Lake, is an ice- contact slope. The
flat sur face that was the flu vial topset plain is at roughly 300 feet
ele va tion. Thomp son and oth ers (1989) meas ured a topset-
 foreset bed con tact ele va tion of 283 feet asl, which has been used 
as an ap proxi ma tion of sea level in this area. The For est Lake
delta has been ex ten sively mined in sev eral ar eas, al though at
pres ent ex po sures in the delta are lim ited. Coarse cob ble to boul -
der gravel topset beds with flu vial chan nel struc tures and south-
 trending trough and pla nar cross- stratification are ex posed in
sev eral lo ca tions in pits in the north ern part of this delta.  The
cobble- gravel topset beds over lie finer- grained grav elly, sandy
fore set beds that dip south ward. The dis tal fore set beds dip
south ward into the Pis cataqua Val ley and are com posed of finer
sandy ma te rial ex posed in sev eral aban doned pits at the south ern
end of the flat delta top. These beds grade south ward into finer-
 grained silt and clay of the former sea floor.

Glacial- Marine Fans (Map unit Pmf).  These de pos its are
seaward- dipping and wedge- shaped and con sist prin ci pally of
sand and gravel de liv ered to the sea floor at the gla cier mar gin by
sub- or en gla cial streams. Other sedi ments such as till and fine-
 grained ma rine sedi ments may be as so ci ated with the sub ma rine
fan de pos its. In the Pleis to cene age Champlain Sea de pos its in
the Ot tawa area of Canada, Rust and Ro man elli (1975) and Rust
(1987) re ferred to these de pos its as subaque ous out wash.   The
size of the fans de pends on the sup ply of sedi ment and rate of re -
treat of the gla cier mar gin. Com monly, fans con tain sub ho ri zon -
tal to seaward- dipping beds of gravel and grav elly sand.  Cur rent
struc tures, such as ripple- drift lami na tion, and graded beds are
com mon in the sandy units. The di rec tion of dip of the bed ding is
also vari able, how ever most cur rent in di ca tors dem on strate pa -
leo cur rent flow rang ing from south west through south east. 

Nu mer ous glacial- marine fans are ex posed in the vari ous
low land val leys in the map area. Along the east ern mar gin of the
quad ran gle sev eral small fans and larger fan com plexes are ex -
posed in the east branch of the Pis cataqua River and the Mill
Brook val leys.  The larger land forms proba bly formed as ice re -
treated slowly north ward and the fan de pos its over lapped pre vi -
ously de pos ited fan and feeder- esker sedi ment as so ci ated with
the ear lier ice mar gin po si tions. To the north, in the area north -
east of Bruce Hill, con secu tive ice- marginal po si tions are rep re -
sented by simi lar small fans and com pos ite fans that rep re sent ice 
re treat to the north east into the Royal River drain age. In the Pis -
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cataqua River val ley south of the For est Lake delta a large com -
pos ite fan forms a northeast- southwest trend ing land form which
de lim its the former shape of the re treat ing ice mar gin.  A small
bor row pit in the south ern toe of this fan ex poses southward-
 dipping me dium to coarse- grained sand over lain by lami nated
fine sand, silt and clay.  The sandy units ex hibit nu mer ous thrust
faults that are in ter preted to be of gla cio tec tonic ori gin pro duced
by ice shove from the fluc tua tion of the ice mar gin to the north.

Fine- Grained Ma rine Mud (Map unit Pp).  The fine-
 grained de pos its that blan ket the low- lying ter rain of the coastal
low land in Maine were origi nally de fined by Bloom (1963) as
“glacial- marine clay” and named the Pre sump scot For ma tion.
The unit is gen er ally found to be rather com plex, con sist ing of a
fining- upward se quence of sand, silt, and clay with ma rine mol -
lusc fos sils and drop stones com mon.  The de posit forms a con -
tin uum with the esker- submarine fan sys tems that de liv ered
gla cial sedi ments to the sea floor, hence there is a com plex re la -
tion ship be tween the coarse fan sand and gravel and the finer
sand, silt and clay de pos its de pos ited pre domi nantly by sus pen -
sion set tling dis tal to, or ad ja cent to, melt wa ter point sources.  

The fine- grained unit is com monly found in vary ing shades 
of gray to ol ive gray when weath ered.  In some cases the clay has
been re ferred to as “the blue clay” from its bright bluish- gray un -
weath ered ap pear ance.  Grain- size analy sis of the fine unit com -
monly in di cates that the “clay” con tains a high pro por tion of silt
and a smaller pro por tion of fine sand.  Large ver ti cal ex po sures
of the fine- grained unit are no ticea bly ab sent in the field area al -
though shal low ex po sures in stream banks and road cuts were
com mon. In ad di tion, sev eral ex po sures of the fine- grained units 
were seen in the dis tal por tions of fans, over ly ing the sandy fore -
set beds.  

One note wor thy large de posit of the Pre sump scot For ma -
tion in the quad ran gle in cludes the now- abandoned clay pits on
both the south and north shores of the Royal River, some of
which were pre vi ously util ized as brick yards.  

Near shore De pos its (Map unit Pmn).  Gen er ally coarse-
 grained de pos its were formed by near shore pro cesses (pre domi -
nantly wave re work ing) dur ing late phase of ma rine sub mer -
gence of the coastal zone.  Gravel and sand de pos ited in
sub ma rine fans were re worked as sea level fell dur ing glacio-
 isostatic emer gence of the coastal zone.  Mor pho logi cally and
sedi men to logi cally dis tinc tive near shore de pos its, such as spits,
can be found in the field area. A sig nifi cant near shore ter race ex -
tends south west ward from the For est Lake delta along the foot of 
Pop lar Ridge, a stream lined or drum lin ized till/bed rock fea ture
that in part forms the west wall of the cen tral val ley in the quad -
ran gle.  Sandy de pos its that com prise the flat up per sur face of the 
land form thinly drape over the bed rock and till slope and dip
gen tly east ward, grad ing into fine- grained de pos its. The coarse
ma te rial was proba bly de rived from wave re work ing of the sedi -
ment from the For est Lake delta that was car ried by long shore
trans port south west ward along the wall of the val ley.

A sec ond sig nifi cant near shore de posit oc curs east of the
For est Lake delta and fring ing Bruce Hill in Cum ber land Cen ter.

In this area, nu mer ous fan de pos its in the east ern and east- central 
area of the quad ran gle were likely re worked by fal ling sea level
pro duc ing an ex ten sive sandy ve neer over the finer- grained de -
pos its.  A coarse sandy flat- topped fea ture at ap proxi mately 230
feet asl (where the Cum ber land Fair grounds is pres ently situ -
ated) is well be low the lo cal ma rine limit (es ti mated at 283 feet
on the For est Lake delta) and is likely a part of this ex ten sive
com plex.  Coarse gravel and sand de pos its ex posed in a bor row
pit lo cated at the south west tip of Bruce Hill are proba bly the
source for this re work ing.

Al lu vium and Stream Ter races (Map units Ha and Hst).
Al lu vium and stream ter races, pre suma bly of Holo cene age, are
mapped along many of the present- day stream courses in the
field area.  Poorly sorted silty sand and de bris such as tree limbs
and other vege ta tion are com monly de pos ited on ter races and
low- lying ar eas bor der ing the mod ern stream dur ing pe ri ods of
high wa ter.  This pro cess is im por tant dur ing spring melt and fol -
low ing pe ri ods of heavy rain. In sev eral val leys dis tinc tive ter -
races are pre served due to stream down cut ting in the
fine- grained sur face ma te rial.   Ex am ples are in the ex treme
south- central part of the quad ran gle in the Pis cataqua River val -
ley, and in the Royal River val ley in the north east. 

Pre suma bly, ter rac ing and depo si tion of al lu vial sedi ment
com menced as sea level fell from the ma rine limit and drain age
was su per im posed on the former ma rine land scape.

Wet lands  (Map units Hws and Hwfm).  Sev eral ex ten sive
and nu mer ous small wet lands were mapped in the quad ran gle.
The larg est de posit mapped in the area is re ferred to as Gray
Meadow, a broad ex ten sive wet land lo cated in the north- central
part of the quad ran gle. This area is situ ated on top of the poorly-
 drained fine- grained ma rine sedi ments.  Other lo cally less ex ten -
sive de pos its are situ ated along poorly drained flood plains of the
vari ous streams in the area and in lo cal ized de pres sions in the
bed rock and till to pog ra phy.

GLACIAL  AND  POSTGLACIAL  HISTORY

Al though nu mer ous authors have dem on strated that north -
ern New Eng land (cf. Ko teff and Pessl, 1985) and spe cifi cally
Maine (Borns and Calkin, 1977; Thomp son and Borns, 1985a)
have been sub jected to mul ti ple gla cia tion, pri mary evi dence for
mul ti ple gla cia tion (mul ti ple drift sheets and cross ing stria tion
sets) were not found in the field area. The field evi dence seen in
the Cum ber land Cen ter quad ran gle sug gests that the area has
been only sub jected to the lat est, or late Wis consi nan, ad vance
and re treat of the Lau ren tide ice sheet.   The lim ited ex po sures of
till in the area do not show ad vanced weath er ing typi cal of older
ice ad vances (Wed dle and oth ers, 1989) and hence the till is as -
signed a late Wis consi nan age.  Till was proba bly de pos ited sub -
gla cially dur ing late stages of ice ad vance or dur ing the re treat
phase of the late Wis consi nan ice. 

Dur ing the last ad vance of the ice sheet and also dur ing
early stages of re treat, ice flowed through the Cum ber land Cen -
ter quad ran gle from north- northwest to south- southeast.  The av -
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er age azi muth of striae and grooves ranges from 160o to 170o,
how ever lo cal varia tions (150o to 185o) oc cur where ice de -
formed plas ti cally around bed rock ob struc tions.  Drum lin axes
fol low the same trend as the striae.  Both drum lin and stria tion
ori en ta tions are con sis tent with re gional flow pat terns as sug -
gested on the sur fic ial geo logi cal map of Maine (Thomp son and
Borns, 1985b).

Dur ing the maxi mum of the last gla cia tion, the Lau ren tide
ice sheet ex tended be yond the pres ent Maine coast line onto the
con ti nen tal shelf and proba bly be gan to re cede from that po si -
tion around 17,000 to 15,000 years ago (Tu cholke and Hol lis ter,
1973). Stuiver and Borns (1975) es ti mate that the ice mar gin
reached the pres ent coast line around 13,500 yr B.P.  Re cent ra -
dio car bon age es ti mates ob tained on Port lan dia arc tica shells
col lected in a col labo ra tive re search pro gram by the Maine Geo -
logi cal Sur vey and Uni ver sity of Maine (Wed dle and oth ers,
1993) sug gest that de gla cia tion of the south west coast may have
oc curred as early as 14,000 to 14,800 yr B.P.  Dur ing the re treat,
the ice mar gin was in con tact with the sea form ing a tide wa ter
gla cier mar gin.  In this ma rine en vi ron ment, re treat was proba bly 
car ried out by ex ten sive calv ing in ad di tion to thin ning by melt -
ing, how ever the oc cur rence of large and small mo raines and gla -
cio tec tonic fea tures sug gests that re treat was not con tinu ous.
In stead, mi nor read vances in ter rupted the gen eral pat tern of re -
treat. Ice re treat was also halted tem po rar ily where the grounded
ice mar gin was pinned against topo graphic ob struc tions such as
nar rows in val leys and sub gla cial bed rock highs.

Ma rine sub mer gence of the coastal zone oc curred from the
time of de gla cia tion un til the ice mar gin had re ceded to the in te -
rior of Maine and iso static re bound caused sea level to re treat to
the con ti nen tal shelf (Schnit ker, 1974; Belk nap and oth ers,
1986).  Ele va tions of geo mor phic fea tures such as ice- contact
del tas (sur veyed topset- foreset con tacts) and raised beaches
(Thomp son and oth ers, 1989) range from roughly 280 to 300
feet asl in the field area thus pro vid ing an es ti mate of the up per
limit of ma rine sub mer gence (ma rine limit). Spe cifi cally,
Thomp son and oth ers (1989) meas ured the topset- foreset con -
tact in the For est Lake delta at 283 feet asl. Thus, dur ing the
maxi mum of the ma rine in un da tion a large por tion of the quad -
ran gle was sub merged be low sea level.  Till/bed rock up lands
emerged first from the post gla cial sea as is lands and is land com -
plexes, some times tied to gether by near shore ma rine de pos its
such as spits.  Sub ma rine fans were de pos ited along the ice mar -
gin on the sea floor at depths rang ing from 50 to 150 feet and
graded lat er ally and dis tally to finer grained de pos its.  Along
with some large and small end mo raines, the pat tern of ice re treat
through the quad ran gle is docu mented by sub ma rine fans and as -
so ci ated de pos its.

Ice re treat is re corded by ice- marginal de pos its in each of
the main val leys that cut through the cen tral and east ern parts of
the study area.  In the cen tral val ley of the Pis cataqua River, re -
ces sion is docu mented by a se ries of small mo raines. Sub se -
quently, ice re treat was slowed and likely halted as the ice mar gin 
en coun tered the bed rock topo graphic high that domi nates the

cen tral area of the quad ran gle.  A fan com plex, lo cated be tween
Hobbs Brook and the Pis cataqua River, is gla cio tec toni cally de -
formed, in fer ring a mi nor read vance of the ice mar gin.  Af ter ice
re treated from this po si tion, the next ma jor halt oc curred at the
site of the For est Lake delta.  Here, the ice en coun tered a ma jor
topo graphic ob struc tion in the nar row ing of the val ley. The ice-
 contact to pog ra phy in the val ley to the north of the delta sug gests 
that the ice mar gin dis in te grated and stag nated at this area while
sup ply ing abun dant melt wa ter and sedi ment to build the large
delta.  This set ting is com mon across the state at the in land mar -
gin of the coastal low land where the west ern foot hills rise from
the low land and val leys. It is likely that the mode of ice re treat
changed from ac tive calv ing mar gin to thin ning, stag nat ing mar -
gin in this topo graphic tran si tion zone. In any case, as the ice
mar gin reached the For est Lake area and the nar row ing Pis -
cataqua val ley, re ces sion was stalled and sev eral large melt wa ter
de pos its were laid down.  The larg est de posit is the For est Lake
delta, cov er ing over a square mile in area.

In the east ern low lands se quen tial re treat is in di cated by
sev eral com pos ite fans de pos ited in the east branch of the Pis -
cataqua River and a number of mi nor end mo raine ridges with
as so ci ated glacial- marine fans in the area north east of Mill
Brook and in the Royal River ba sin.  The com pos ite fans oc cur
both as elon gate fea tures that proba bly grew as ice re treated
north ward, or as part of the flat sea floor, bur ied be neath the
cover of finer grained de pos its.

Ma rine sedi ments ac cu mu lated in the field area un til iso -
static re bound caused sea level to fall be yond the pres ent coast -
line and onto the con ti nen tal shelf.  As sea level fell, and wave
base came into con tact with the un con soli dated gla cial and
glacial- marine sedi ments, near shore de pos its and shal low ma -
rine sands were de pos ited across vir tu ally the en tire quad ran gle.
In some ex po sures fine- grained silty ma rine clay coars ens up -
ward with the in tro duc tion of lenses and lay ers of sand to be fi -
nally suc ceeded by a thick sand unit to the top of the se quence.  In 
other ex po sures the change is abrupt with the re gres sive sand
unit over ly ing till or sand and gravel de pos its with a dis tinct un -
con for mity.  With the rate of iso static emer gence of the re cently
de gla ci ated land scape ex ceed ing sea level rise, rela tive sea level
con tin ued to fall un til the coastal zone emerged.  Based on sub -
ma rine geo mor phol ogy, Schnit ker (1974) es ti mates that the low -
stand of sea level was ap proxi mately -60 me ters be low pres ent. 

With the field area sub aeri ally ex posed, drain age de vel -
oped on the former sea floor in the low lands.  In poorly drained
ar eas, swamps and wet lands were formed.  A modi fied den dritic
drain age pat tern formed over the fine- grained de pos its in the
low- lying ar eas. Gla cial and post gla cial de pos its con tinue to be
re worked by mod ern al lu vial pro cesses.
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