
DE PART MENT  OF  CON SER VA TION
Maine Geo logi cal Sur vey

Rob ert G. Marv in ney, State Ge olo gist

OPEN- FILE  NO.  99-124

Ti tle: Sur fic ial Ge ol ogy of the North Pownal 7.5- minute Quad ran gle, 
An droscog gin and Cum ber land Counties, Maine

Author: Cheryl L. Marvinney

Date: 1999

Fi nan cial Sup port: Fund ing for the prepa ra tion of this re port was pro vided in part by the 
U.S. Geo logi cal Sur vey Co op era tive Geo logi cal Map ping (CO GEO -
MAP) Pro gram, Co op era tive Agree ment No. 1434-92-A-1071.

As so ci ated Maps: Sur fic ial ge ol ogy of the North Pownal quad ran gle, Open- File 99-93
Sur fic ial ma te ri als of the North Pownal quad ran gle, Open- File 99-62

Con tents:  7 p. re port 



Maine Geo logi cal Sur vey
Open- File 99-124

Surficial  Geology  of  the  North  Pownal  7.5-minute  Quadrangle,
Androscoggin  and  Cumberland  Counties,  Maine

Cheryl L. Marv in ney
Read field, Maine  04355

 IN TRO DUC TION

 Sur fic ial geo logic map ping of the North Pownal 7.5-
 minute quad ran gle map was con ducted dur ing 1992 and 1993 as
part of the CO GEO MAP pro gram of the United States Geo logi -
cal Sur vey and the Maine Geo logi cal Sur vey.  This pro gram pro -
vides de tailed geo logic in for ma tion for use by the gen eral
pub li c; mu nici pal, state, and fed eral agen cies; and back ground
in for ma tion for site- specific stud ies.  Along with this writ ten re -
port de scrib ing the sur fic ial ge ol ogy, a sur fic ial geo logic map
(Marv in ney, 1999a) and a sur fic ial ma te ri als map (Marv in ney,
1999b) have been com piled at 1:24,000 scale.  The ma te ri als
map con sists of point data show ing thick ness and com po si tion of 
sur fic ial sedi ments 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 -
logic units and, when pos si ble, fea tures that rec ord the geo logic
his tory of the quad ran gle.

PREVIOUS  WORK  AND  ACKNOWLEDGMENTS

Re gional stud ies of the gla cial his tory of south ern Maine
and its as so ci ated de pos its are pre sented in Leavitt and Perkins
(1935), Bloom (1960, 1963), Stuiver and Borns (1975), Smith
(1982, 1985), Thomp son (1982), Thomp son and Borns (1985),
Thomp son and oth ers (1989), Smith and Hunter (1989), Re telle
and Bither (1989), Kel ley and oth ers (1987), Cros sen (1991),
and Wed dle and oth ers (1993).  

Re con nais sance map ping of the North Pownal quad ran gle
was com pleted by Smith and Thomp son (1986) at a scale of
1:62,500.  Bither (1989) com pleted a more de tailed sur fic ial
geo logic and bed rock map (1:24,000) of the north east ern cor ner
of the North Pownal quad ran gle, and por tions of Bither's bed -
rock map ping were util ized for out crop lo ca tions in the pres ent
in ves ti ga tion.  Other sources of sur fic ial in for ma tion were gath -
ered from Bolduc (1983), and the An droscog gin and Cum ber -
land County soils maps (McEwen, 1970; Hed strom, 1974).
Wet lands in for ma tion was ob tained from di rect ob ser va tion and
from the draft wet lands in ven tory map pro vided by the U.S. De -
part ment of the In te rior Na tional Wet lands In ven tory.

 Spe cific sub sur face in for ma tion was com piled from well
drill ers' logs ob tained as part of a sub sur face in ves ti ga tion by the
Cen tral Maine Power Com pany Sub sta tion in Pownal, Maine.
Site- specific in for ma tion was also ob tained from drill ers' logs
taken dur ing the con struc tion of a new ad di tion to the Pownal
School, and from drill ers' logs of moni tor ing wells in stalled at
the North Pownal Store.  

Depth- to- bedrock in for ma tion was ob tained from the
Maine Geo logi cal Sur vey's bed rock well da ta base in ven tory.

 LOCATION  AND  PHYSIOGRAPHY

The North Pownal 7.5- minute quad ran gle is lo cated near
the coast in south east ern Maine, along the bor ders of An -
droscog gin and Cum ber land Coun ties.  Ex tend ing from
70o07'30"W to 70o15'W and from 43o52'30"N to 44oN, it cov ers
ap proxi mately 42 square miles. Most of the area is ru ral.  Al -
though the area con tains the town ships of Auburn, Lis bon, Dur -
ham, New Glouces ter, Pownal, North Yar mouth, and Free port
only two small cross- road com mu ni ties are lo cated within the
quad ran gle:  North Pownal, in the cen tral por tion of the quad ran -
gle, and Pownal Cen ter, three miles to the south.  Ele va tions
within the area range from ap proxi mately 470 feet above sea
level (asl) atop Brad bury Moun tain, to 80 ft asl along south ern
por tions of Chan dler Brook and East Branch.  Mod er ate re lief
ex ists through out much of the quad ran gle, with some level ter -
rain oc cur ring to ward the east ern and south ern por tions of the
area.  The maxi mum lo cal re lief of ap proxi mately 360 ft oc curs
be tween Brad bury Moun tain and East Branch Stream.  The mod -
er ate re lief is largely cre ated by northeast- southwest trend ing
val leys and bed rock ridges, which are ob vi ous through out the
area.

The cen tral por tion of the quad ran gle is drained by Chan -
dler Brook and its tribu tar ies.  Runaround Pond is a dammed por -
tion of this stream.  A small seg ment of the An droscog gin River
drains the north east ern most sec tion of the area.  East Branch
drains the south east ern sec tor, join ing Chan dler Brook just south 
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of the North Pownal quad ran gle.  This wa ter then joins the Royal 
River flow ing south east to Yar mouth.

BEDROCK GEOLOGY

The bed rock ge ol ogy has been mapped by Hussey and
Pankiwskyj (1975) and Hussey (1985).  As mapped, most of the
area is un der lain by the east ern part of the Se bago batho lith, a
large gran itic in tru sion.  The east ern edge of the batho lith con -
sists of a zone of thin ig ne ous in tru sions re lated to the batho lith,
with abun dant me tasedi men tary in clu sions and peg ma tites.  The
north east cor ner of the area is mapped as Wa ter ville For ma tion,
while the south east cor ner is mapped as Hutchins Cor ner For ma -
tion (Os berg, 1988).  A strong northeast- southwest bed rock
trend is evi dent in the west ern third of the North Pownal 7.5-
 minute quad ran gle.  More de tailed in for ma tion con cern ing the
bed rock ge ol ogy of the north east por tion of the quad ran gle can
be found in Bither (1989).

SURFICIAL GEOLOGY

Bed rock and Thin- Drift Ar eas (Unit Ptd)

Al though bed rock strongly con trols the to pog ra phy in the
North Pownal quad ran gle, large ar eas of con tinu ous ex po sure
are few.  Many places con tain nu mer ous small bed rock ex po -
sures in ter spersed with a thin (less than 10 feet) ve neer of gla cial
sedi ments.  They are in di cated by the hori zon tal line pat tern on
the geo logic map and the sym bol, Ptd.  These thin drift de pos its
cover much of the quad ran gle.  The west ern por tion of the area
shows many ex am ples of bed rock ridges and knobs thinly man -
tled by the over ly ing ma te rial.  Where ele va tions ex ceed 300 ft
asl, the es ti mated ma rine limit for this area (Thomp son and oth -
ers, 1989), the sedi ment is till or soil as seen on Brad bury Moun -
tain or Tryon Moun tain.  Be low 300 ft ele va tion, the ve neer may
con sist of till, ma rine de pos its, gla ci ma rine de pos its, or near -
shore de pos its.

Till (Unit Pt)

Gla cial till, also called dia mic ton be cause of its poorly
sorted tex ture, is pres ent through out much of the North Pownal
quad ran gle.  It is found both with ice- marginal de pos its of sand
and gravel and as a ran domly oc cur ring blan ket de posit. 

When found as a blan ket de posit, the dia mic ton is dense
and mas sive with a sandy to silty ma trix.  It is tan to brown in
color, pos si bly due to weath er ing, with nu mer ous an gu lar clasts
up to boul der size.  Based on these char ac ter is tics, I in ter pret this
dia mic ton as a ba sal lodge ment till.  A large ex po sure of this till is 
lo cated in a drive way road cut on Libby Hill.  The em bank ment is 
ap proxi mately 10 ft high with the till be ing ex posed in the up per
4 ft.  Many ex po sures of till are also found within the area of the
in ter sec tion of Law rence and Stack pole Roads.  Gen er ally, ex -
po sures of lodge ment till are seen above 150 ft (asl), and within

the west ern two- thirds of the quad ran gle.  Lodge ment till com -
monly cov ers the bed rock ar eas mapped as thin drift.

Dia mic tons are also found in as so cia tion with ice- marginal
de pos its.  This is the case in the La ra bee Gravel Pit, lo cated off of 
Route 9, where sub gla cial fan sedi ments and ma rine muds are in -
ter bed ded with dia mic ton.  The source of the dia mic ton in this in -
stance is most proba bly a type of mud flow de rived from gla cial
ice.

End Mo raines (units Pem, Pemc)

End mo raines (Unit Pem):  End mo raines in the study area
in clude “wash board” or De Geer mo raines (Sug den and John,
1979) and other ice- marginal de pos its con tain ing ac cu mu la tions 
of gla cial ma te rial with gen er ally ridge- shaped to pog ra phy
(Sug den and John, 1979).  Sub ma rine out wash fans are dis -
cussed in the fol low ing sec tion. 

Sev eral clus ters of De Geer mo raines are found within the
north- central por tion of the North Pownal quad ran gle (Pemcr1,
Pemcr2, Pemcs).  Ap proxi mately 1.5 miles north of North
Pownal, di rectly west of Runaround Pond, is a “text book” ex am -
ple of these de pos its (Pemcr2).  Here the mo raines are steep-
 sided ridges, ap proxi mately 10- 30 ft high.  The ridges are spaced
100- 200 ft apart and are up to 3000 ft in length (all meas ure ments 
are ap proxi mated from the North Pownal 7.5- minute topo -
graphic map).  Test pits, ex ca vated into the ridges, show their
com po si tion as that of a dense, sandy- matrix dia mic ton.  Ma rine
mud of the Pre sump scot For ma tion is pres ent be tween the
ridges; how ever, it has not been found to over lie them.  Al though
De Geer called such ridges “an nual mo raines,” this is not a
widely ac cepted in ter pre ta tion (Sug den and John, 1979).  Till
fab rics meas ured within these mo raines by Bates Col lege stu -
dents (per sonal com mu ni ca tion, M. Re telle, 1993), in di cate that
the ice was flow ing to the south east. 

End mo raine com plexes, con sist ing of vari ous in ter mix -
tures of till, flowtill, clay, sand, gravel, and boul ders are also
found within the North Pownal quad ran gle.  Most of the mapped
mo raines in these com plexes are rela tively small, be ing no more
than 1000 ft long and from 10 to 40 ft high.  Such a de posit is seen 
in an old gravel pit lo cated on the south side of Bowie Hill Road,
ad ja cent to Ger rish Brook (Pemgb).  Here the mo raine is ap -
proxi mately 40 ft thick.  It con sists of pock ets and lay ers of dense 
till ad ja cent to and in ter bed ded with lay ers of sand, gravel, and
cob bles.  Large boul ders are pres ent in the pit.  Lay ered clay and
silt/sand over lie por tions of these mo rainal de pos its to the north.
In places there ap pears to be a cob ble lag above the lay ered
“mud,” which is over lain in turn by a fine mas sive sand, ap proxi -
mately 3ft thick.  A simi lar de posit is also found ap proxi mately
0.75 mi south of Bowie Hill.  

The Pownal Cen ter end mo raine(Pempc) is lo cated at the
in ter sec tion of Libby and Dyer roads east of Pownal Cen ter and
is a stra tigraphi cally com plex end mo raine .  Rapid changes in
the stra tigra phy oc cur both lat er ally and ver ti cally, as seen in the
Black stone gravel pit on Dyer Road.  Lay ered sands with some
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gravel are found at the base of the de posit.  De formed bed ding is
pres ent along with dis con tinu ous lenses of till.  (Al though the
lay ered sands and grav els rep re sent the for ma tion of a sub ma rine 
fan, this de posit is con sid ered to be a mo raine be cause its lin ear
topo graphic ex pres sion can be traced west ward from the ex -
posed fan de posit.)  The Black stone pit also con tains a large ex -
po sure of the Pre sump scot For ma tion, con tain ing the only fos sil
shells found in this in ves ti ga tion.  Most of the shells are bi valves
with some pos si ble sponges.  The ex po sure con tain ing the fos sils 
is lo cated in the cen tral por tion of the pit.  Un for tu nately the ice-
 contact por tion of the mo raine has been re moved by ex ca va tion.
This mo raine can be traced west ward to Pownal Cen ter, ap proxi -
mately three quar ters of a mile on the ba sis of to pog ra phy. 

End mo raines near Fick ett Road, West Pownal, and Pownal 
Cen ter were mapped on the ba sis of mor phol ogy, sur face auger -
ing, and/or lim ited ex po sure.  The mo raine north of Fick ett Road
con sists of nu mer ous boul ders on the sur face.  Auger ing  to a
depth of 1 ft re vealed a dia mic ton with a clayey silt ma trix.  The
mo raine near West Pownal has a small slumped ex po sure of un -
con soli dated ma te rial vary ing in size from silt to gravel.  Small
boul ders rest upon the slip face of the ex po sure.

Few mo raines have been mapped in the west ern half of the
area and none in the north west ern most cor ner.  This is pos si bly a
func tion of the bed rock to pog ra phy.  Bed rock ridges here trend
northeast- southwest, the same ori en ta tion as may be ex pected
for an end mo raine.  There fore the topo graphic ex pres sion of
mo raines may be masked by the bed rock to pog ra phy, or if mo -
raines were formed across ele vated bed rock knobs they may
have been com pletely re worked by wave ac tion dur ing the ma -
rine sub mer gence and sub se quent re ces sion of the sea.

Sub ma rine Out wash Fans (Unit Pmf)

Sub ma rine out wash fans in the North Pownal quad ran gle
may also be de scribed as “strati fied end mo raines” (Ash ley and
oth ers, 1991), in that they rep re sent ice- marginal po si tions and
of ten in clude a va ri ety of de pos its.  Much of the in ter nal struc -
ture of these de pos its is of ten miss ing due to nu mer ous gravel re -
moval op era tions which have been on go ing in the area.  Sev eral
large strati fied end mo raine de pos its ex ist in the east- central por -
tion of the quad ran gle.  Three coa lesced glacial- marine fan de -
pos its in West Dur ham  (Pmfwd) rep re sent the larg est and most
topo graphi cally ob vi ous strati fied mo raine.  These fans form the
west ern edge of a large grounding- line mo raine, the Cox Pin na -
cle Mo raine (Wed dle, 1997a,b), which can be traced (al though
not con tinu ously) 4.5 miles to the east into the Lis bon Falls
South 7.5- minute quad ran gle (Wed dle and oth ers, 1993).  

Within West Dur ham, sev eral gravel pits ex pose por tions
of the in ter nal struc ture of fan de pos its.  The La ra bee gravel pit
(Pmfwd1), lo cated just north of the Route 9- Rabbit Road in ter -
sec tion ex poses ice- proximal ma te rial.  The stra tigra phy
changes rap idly in the north ern (ice- proximal) side of the pit.
For ex am ple, till is jux ta posed against fine sand, and un der ly ing
bed ded sand and gravel.  Bed ded sands and ma rine mud, ex -

posed high on the north ern pit wall, ap pear to dip north ward sug -
gest ing slump ing into an area va cated by re treat ing or melt ing
ice.  Above ap proxi mately 40 ft of slumped ma te rial on the
north west pit wall lies an es ker tunel rem nant; it con tains sub-
 rounded to rounded boul ders which are in cor po rated into a
coarse, loose gravel ma trix.  This was a feeder to the fan sys tem.
The south west ern wall of the pit is close to 60 ft high.  Here bed -
ded ma te rial, rang ing from fine sand to cob ble gravel, con sti tutes 
the lower 45 ft of the de posit.  Di rec tions of dips on these beds
range from 195- 200o.  Above the bed ded ma te rial lies a layer ap -
proxi mately 5 ft thick which con tains peb bles, cob bles, and
boul ders in a grav elly ma trix.  Clasts are sub rounded to suban gu -
lar.  A sec ond boul dery, clast- supported layer over lies the lat ter
unit, but here the in cor po rated clasts are more rounded.  This up -
per layer is in ter preted as a re worked de posit, formed dur ing the
ma rine re gres sion.  Fine sand of un de ter mined thick ness over lies 
por tions of the fan com plex, es pe cially at lower ele va tions. 

The Hanna pit (Pmfwd2) abuts the La ra bee pit to the south.
It is ex ca vated into the mid and dis tal por tions of the fan com -
plex.  Ap proxi mately 12 ft of well- exposed for set beds, lo cated
in the north west ern por tion of the pit, dip SSE to S (166- 180o).
Bed com po si tion var ies from very fine sand to peb ble gravel,
with bed thick ness no greater than 6 inches.  Ma rine mud in ter -
bed ded with the fan is found in the cen tral por tion of the pit.  Low 
am pli tude open folds, pos si bly formed by ice shove, mark the
up per clay/sand in ter face, sug gest ing that ac tive ice was nearby.
A mas sive 3-4 ft thick layer of rounded to sub rounded cob bles
and small boul ders, in cor po rated in a sandy ma trix, is found
above the fore set beds.  This unit is be lieved to be as so ci ated
with the ma rine re gres sion because it un con forma bly over lies all 
units, as was seen in the La ra bee pit.  In places a fine- grained,
very uni form sand over lies the re gres sive unit.

The Du gas pit (Pmfwd3) abuts the above pits to the west.
Al though it has been aban doned, the ex posed up per fore set beds
dip to the south- southwest.  A re gres sive unit simi lar to that in the 
Hanna pit is also found here.  It is mas sive, 3-4 ft in thick ness,
and con tains rounded cob bles and small boul ders in cor po rated
into a loose sandy ma trix.  Lay ered ma rine mud with in cor po -
rated dia mic ton is found in the west ern por tion of the pit. 

A sec ond topo graphi cally promi nent fan/fan com plex
(Pmfcr) is lo cated 1 mi to the south of that found in West Dur -
ham.  Al though the ele va tion of the top of the fea ture is over 300
ft (320 ft if the 15' topo graphic map is used), very close to the up -
per ma rine limit in the area (Thomp son and oth ers, 1989), no
delta topset/fore set con tact has been iden ti fied.  Fore set beds
domi nate the ex po sure.  They are best seen in the cen tral por tion
of the pit where they dip uni formly to the south west.  For the
most part the fore set beds are com posed of fine sand to gravel
and dip to the SW (230o).  How ever, they con tain oc ca sional
beds of well rounded to sub rounded cob bles and/or peb bles.  In -
ter bed ded sand, silt, and clay of the Pre sump scot for ma tion
over lie the fore set beds in the south ern, dis tal por tion of the pit.
Small- scale syn de po si tional faults and de wa ter ing struc tures are 
ap par ent in fresh pit faces.  Worm bur rows are pres ent along bed -
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ding planes, but no other fos sils, such as shells, have been found.
Best ex posed in the north ern por tion of the pit, a re worked sandy
de posit over lies the fore set beds, rep re sent ing wave re work ing
of the fan at the ma rine limit.  A mas sive clast- rich unit un com -
forma bly over lies the sand and re worked beds.  It is it self a re -
worked beach or near- shore de posit formed dur ing the ma rine
re gres sion. Con sist ing of rounded small to me dium sized boul -
ders, in cor po rated into a ma trix of fine sand to gravel, this unit is
trace able down the topo graphic slope of the fan.  Al though no
bed ding is visi ble within the coarse- grained ma te rial, pock ets of
fine- grained ma te rial do con tain cross- bedding.  A mas sive, uni -
formly bed ded sand, also as so ci ated with the ma rine re gres sion,
caps the de posit.  

Ex ca va tion and slump ob scure much of a fan (Pmfb3) lo -
cated one- half mile south east of the Cush ing Road fan.  Rem nant 
ma te rial -- nu mer ous, large, an gu lar boul ders, dia mic ton and de -
formed ma te rial, lay ered gravel, sand, silt, and clay -- in di cate
that this de posit was formed at the ice mar gin.  Unique to this de -
posit is its as so cia tion with an es ker, the feeder sys tem of the fan.
The es ker is in ferred based on sur face to pog ra phy and con stitu -
ent ma te rial.  Al though no ex po sures into the es ker were found,
auger ing to a depth of one foot in di cated that the sur face ma te rial 
was com posed of coarse sand and gravel, with in cor po rated
rounded peb bles and cob bles.  Re worked sands and grav els as -
so ci ated with the ma rine re gres sion lie above the ice- marginal
de pos its.

Pre sump scot For ma tion (Unit Pp)

Thick de pos its of gla ci ma rine mud, known as the Pre sump -
scot For ma tion (Bloom, 1960; 1963), un der lie vir tu ally all of the
low- relief ar eas of the quad ran gle.  Sur face and sub sur face data
in di cate that the Pre sump scot di rectly over lies bed rock, till, fans, 
and end mo raines and can be in ter bed ded with subaque ous fans
and end mo raines.  Pre sump scot mud can be ei ther mas sive or
lay ered, may con tain out sized clasts, and is lo cally fos si lif er ous.
Un weath ered de pos its are blue- gray in color, but al ter to olive-
 gray with weath er ing.  The silts and clays of this unit were de pos -
ited into the ocean by gla ci flu vial pro cesses.  Coarser ma te rial
was de pos ited as sub ma rine fans, with the finer silt and clay be -
ing trans ported far ther from the ice mar gin.  

Rela tively thick de pos its of the Pre sump scot For ma tion are 
found within the quad ran gle.  Ap proxi mately 25 ft of these sedi -
ments are ex posed within the Black stone gravel pit on Dyer
Road (Pempc).  Streamcuts along Chan dler Brook and East
Branch of ten ex pose 15- 20 ft of Pre sump scot For ma tion, while
sub sur face bor ings at the Cen tral Maine Power sub sta tion west
of North Pownal in di cate thick nesses to 50 feet.  Greater thick -
ness are likely, for well drill ers' logs in di cate over bur den thick -
nesses in ex cess of 140 ft south west of Mar ston Hill in an area
which is most likely Pre sump scot For ma tion.  

Fos sil shells oc cur within the Pre sump scot For ma tion in
the Black stone gravel pit east of Pownal Cen ter (Pempc).  They

have also been noted in drill ers' logs taken dur ing con struc tion of 
an ad di tion to Pownal School, lo cated on Elm wood Road.

Near shore De pos its (Unit Pmn)

Sub se quent to Pre sump scot For ma tion depo si tion, sur fic -
ial ma te ri als be low the up per ma rine limit were sub jected to
wave ac tiv ity as so ci ated with the ma rine re ces sion.  Thus, sur -
face ma te rial at this time was re worked.  The re sult ing de posit is
a thin to thick blan ket of silty to grav elly sand mapped as a near -
shore de posit.  Al though formed by wave ac tiv ity in shal low wa -
ter and along an cient shore lines, these de pos its are not
as so ci ated with any defi nite beach mor phol ogy and thus are not
mapped as beaches.

Many large ar eas of low re lief are cov ered with this re ces -
sional sand.  For the most part these ar eas are lo cated in the east -
ern and south ern por tions of the North Pownal quad ran gle.  A
bor row pit on God dard Road ex poses ap proxi mately 12 ft of lay -
ered silt/silty sand and sand.  Many road cuts ex pose less than 5 ft
of the sand above Pre sump scot mud.

Eo lian De pos its (Unit Qe)

As sea level con tin ued to fall, fine sand of the Pre sump scot
For ma tion and that of the near shore ma te rial were sub aeri ally
ex posed and lo cally re worked into eo lian de pos its. These de pos -
its were iden ti fied based on topo graphic ex pres sion, com po si -
tion of con stitu ent ma te rial, lack of in ter nal struc ture, and
pre vious work (Smith and Thomp son, 1986).  Eo lian sand is
mapped along the north east cor ner of Tryon Mtn., 1.5 mi east of
North Pownal, north east of the An droscog gin River, and west of
the in ter sec tion of Dyer and Ver rill Roads.

Holo cene De pos its

Wet lands (Unit Hw) con sti tute most of the Holo cene de -
pos its within the North Pownal quad ran gle, ex cept for de pos its
of stream al lu vium lo cated along the An droscog gin River and a
few other streams.  The lo ca tion of the wet land de pos its is based
upon the U.S. De part ment of the In te rior Na tional Wet lands In -
ven tory draft map (1:24,000) of the North Pownal quad ran gle,
and field map ping.

Wet lands oc cur through out the North Pownal quad ran gle.
Many of the wet lands are nar row bands de vel oped along streams 
whose beds have eroded to lie within the Pre sump scot For ma -
tion.  Three large wet land ar eas are found within the quad ran gle.
The first is ad ja cent to the north ern por tion of Runaround Pond.
A sec ond large wet land area lies east of Route 9 and north of
Rab bit Road.  The third area is bi sected by Po land Range Road,
in the cen tral por tion of the quad ran gle.  All three siz able wet -
lands are de vel oped on large low- relief ar eas which were once
ocean bot tom.  They are un der lain by Pre sump scot muds and are
formed by its poor drain age prop er ties.
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GLACIAL  AND  POSTGLACIAL  HISTORY

The gla cial and post gla cial his tory of the North Pownal
quad ran gle be gins with de pos its laid down dur ing the most re -
cent gla cial ad vance, and sub se quent re treat, within Maine.
Stria tion trends, 120- 200o, in di cate that the ice was ad vanc ing
from the north- northwest.  One half of the stria tions trend be -
tween 170- 180o, in di cat ing a south erly com po nent to the ice
flow.  A smaller group of stria tions, lo cated in the north- central
por tion of the quad ran gle, clus ter be tween 140- 145o.  Many
small mo raines are ori ented NE- SW in this por tion of the quad -
ran gle, sup port ing a di rec tion of ice flow to the south east as
shown by the stria tions.  South west of Lau raffe Ledge, a stria tion 
meas ure ment of 200o was re corded along a bed rock ridge which
par al lels the trend of the stria tion.  North east of the no- longer op -
era tional Pownal air port, two stria tion trends were meas ured,
172o and 185o, at the same lo ca tion.  How ever, the age re la tion -
ship be tween the two is in de ter mi nant.

Trends of mo raines range from E-W to ENE- WSW, to
NE- SW.  The NE- SW- trending mo raines are lo cated in the
north- central por tion of the quad ran gle, as pre vi ously men -
tioned.  ENE- WSW and E- W- trending mo raines are found
through out the quad ran gle.  Their ori en ta tions sug gest ice flow
to the S- SE dur ing their depo si tion.  At some point a change in
the ice- flow di rec tion oc curred, ei ther from S to SE or SE to S;
the tem po ral re la tion ship of this change can only be in ferred.

The east- central por tion of the quad ran gle con tains sev eral
large gla cial ma rine fans, both mapped and in ferred based on
mor phol ogy and sur fic ial ma te rial.  These fans form strati fied
mo raines trend ing E-W and WNW- ESE.  A WNW- ESE trend in -
di cates ice flow from the north- northeast.  This may have been a
lo cal phe nome non oc cur ring as the ice mar gin was re ced ing.

Sev eral drum lins are found within the North Pownal quad -
ran gle.  Bowie Hill and the hill ad ja cent to Har mony Grove
Ceme tery have both been drum lin ized.  They are both com posed
of gla cially stream lined sur fic ial ma te rial.  Three other stream -
lined hills con sist of gla cially sculpted bed rock: Libby Hill, a hill 
north of North Pownal, and a hill along the north ern bor der of the 
quad ran gle.

Ice re ces sion from the Gulf of Maine proba bly be gan
some time around 17,000 yr B.P., with the ice re treat ing  to near
the North Pownal area by ap proxi mately 14,000 yr B.P.  Wed dle
and oth ers (1993) re ported an oc cur rence of Port lan dia arc tica
shells as so ci ated with an end mo raine in the Lis bon Falls South
quad ran gle (just east of the North Pownal quad ran gle).  These
shells were ra dio car bon dated at 14,045 ± 95 yr B.P. (AA10164), 
thus es tab lish ing the ap proxi mate time of de gla cia tion in the
area.  Within the North Pownal quad ran gle it self, Myti lus edu lis
shells were found in the Knight Pit, lo cated a short dis tance east
of Pownal Cen ter.  These shells proba bly lived in shal low ma rine 
wa ters, in di cat ing a fal ling rela tive sea level.  They were ra dio -
car bon dated at 13,300 ± 50 yr B.P. (0S- 4419; Wed dle and Re -
telle, 1995).

Due to iso static crus tal de pres sion, the ocean re mained in
con tact with the ice mar gin along coastal Maine dur ing de gla cia -
tion.  Sea level, at the time of de gla cia tion in the study area, was
ap proxi mately 300- 310 feet above mod ern sea level (Thomp son
and oth ers, 1989).  Thus as the ice re treated through the North
Pownal quad ran gle most of the land area was flooded by the sea.
Sev eral iso lated places re mained above the sea as is lands:  Brad -
bury Mtn. and Tryon Mtn., a prom on tory east of Brad bury Mtn.,
Mar ston Hill, Pis gah Hill, and Lau raffe Ledge.  These ar eas, as
well as sev eral other bed rock knobs, pinned the ice dur ing its re -
treat, al low ing depo si tion of strati fied end mo raines and
subaque ous fan com plexes.  In gen eral the ice- marginal de pos its
are younger from south to north and from east to west.

The old est ice- marginal po si tion iden ti fied is lo cated di -
rectly east of Pownal Cen ter (Pempc).  Here, fine to coarse in ter -
bed ded sands are in ter preted to be subaque ous fan ma te rial.
De for ma tion of the fan sedi ments and in ter bed ded dia mic ton
sug gest that the fan was formed at the ice mar gin.  This ice mar -
gin is traced to the west on the ba sis of geo mor phol ogy.  The
Pempc mo raine was most likely formed as ice was pinned upon
Brad bury Mtn. and a moun tain di rectly north of it.  

High lands lo cated west of West Pownal also pro vided a
pin ning point for the re treat ing ice.  The West Pownal mo raine
(Pmewp) at West Pownal de line ates the ice mar gin in this area.
To pographi cally, the West Pownal mo raine can not be linked to
the ice mar gin mapped at Pownal Cen ter. 

As ice pulled away from the high area as so ci ated with
Brad bury Mtn., a suc ces sion of subaque ous fan de pos its marked
its north ward re treat in the east ern sec tion of the quad ran gle.
The first two ice- marginal po si tions (Pmfb1 and Pmfb2) are in -
ferred solely upon geo mor phol ogy.  De pos its of the suc ceed ing
ice mar ginal po si tions, Pmfb3 and Pmfcr, con tain ex po sures of
fan de pos its con sist ing of bed ded sand and gravel.  Dur ing fan
depo si tion the ice was most likely an chored suc ces sively on bed -
rock in North Pownal and upon a bed rock knob east of Har mony
Grove Ceme tery.  As the ice re treated, it left smaller de pos its
such as Pmfrr1 and Pmfrr2.  Fol low ing con tin ued gla cier re treat,
a well- defined ice mar gin was de vel oped as evi denced by a se -
ries of sub ma rine fans (Pmfrr3, Pmfwd1, Pmfwd2, and Pmfwd3).
These de pos its mark the larg est and most ob vi ous fan- moraine
sys tem in the quad ran gle.  This ice- marginal po si tion (Wed dle
and oth ers, 1993) can be mapped four miles to the east into the
Lis bon Falls South quad ran gle.  

Nu mer ous small mo raines are lo cated north of the North
Pownal bed rock high.  They rep re sent small, pos si bly yearly,
fluc tua tions of the re treat ing ice mar gin. The de pos its are old est
to the south east and be come pro gres sively younger to the north -
west.  Their age re la tion ship with re spect to the larger mo raines
lo cated to the east is un known.  As sum ing that the de pos its to the
south are old est, then the depo si tion of the east ern mo raines oc -
curred first.  At first the ice may still have been pinned at North
Pownal.  How ever as Pmfwd1, Pmfwd2, and Pmfrr3 were be ing
de pos ited North Pownal may well have been ice- free.  The ori en -
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ta tion of the de pos its, northeast- southwest for the mo raines
north of North Pownal, and northwest- southeast for the east ern
ice mar gins, sug gests that the re treat of the ice sheet may have
been con trolled by the un der ly ing bed rock to pog ra phy.  To the
west, the northeast- southwest trend of the bed rock ridges most
likely con trolled the ori en ta tion of the re treat ing ice mar gin;
hence mo rainal de pos its within the area are ori ented northeast-
 southwest.  The promi nent bed rock to pog ra phy may also serve
to mask ice mar ginal de pos its in this re gion as very few mo raines 
are mapped in the west ern por tion of the area.  

As pre vi ously men tioned, the gla cier mar gin was pinned at
sev eral places in the West Dur ham area in the east ern sec tion of
the quad ran gle.  East of West Dur ham, how ever, the ice mar gin
was un con strained for sev eral miles.  This may have per mit ted a
change in the shape of the ice mar gin such that the east ern de pos -
its are ori ented WNW- ESE in the North Pownal quad ran gle.
Such may have been the case if this area was on the west end of a
big ice lobe that pro truded to the south.

As the ice re treated to the north and iso static ad just ment
over took eustatic sea level changes, the land be gan to re bound
and the ocean re ceded.  Mod ern sea level was reached at ap -
proxi mately 11,000 yr B.P. (Belk nap and oth ers, 1987).  As sea
level fell, ma te rial from ex ist ing gla cial de pos its was re worked
and re dis trib uted as the de pos its came through wave base and
near- shore ar eas were cov ered with a ve neer of the re worked ma -
te rial.  Much of the east ern sec tion of the quad ran gle is cov ered
with this ma te rial.

Rela tive sea level con tin ued to fall, reach ing its low est
stand at ap proxi mately 9,000 yr B.P. (Belk nap and oth ers, 1987). 
With fal ling sea level, large ar eas of fine gla cial sedi ments were
ex posed.  Some of this ma te rial was re dis trib uted as wind blown
de pos its, as mapped in sev eral small ar eas of the quad ran gle.
Ex ten sive wind blown sand de pos its oc cur to the south in the
Yar mouth quad ran gle, such as the De sert of Maine.  

With the con tin ued fall of sea level, ma jor streams down cut 
their beds to be low cur rent base level.  Then as sea level rose to
its cur rent level, ag gra da tion oc curred within the river chan nels.
Fresh- water wet lands formed af ter de gla cia tion, and soil ho ri -
zons be gan to de velop.
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