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IN TRO DUC TION

Field work was un der taken in 1994 in or der to map the sur -
fic ial ge ol ogy of the Port land East 7.5- minute quad ran gle for the
Maine Geo logi cal Sur vey (MGS).  A sur fic ial geo logic map
(Ber no ta vicz, 1999a) and a sur fic ial ma te ri als map (Ber no ta -
vicz, 1999b) were con structed us ing data ob tained in the field
and from pre vious in ves ti ga tions.  The geo logic map dis plays
the vari ous types of sur fic ial sedi men tary de pos its formed dur -
ing the most re cent (late Wis consi nan) gla cia tion, as well as
those formed in post gla cial (Holo cene) time.  The ma te ri als map
shows the lo ca tions of sites ex am ined dur ing field in ves ti ga tions 
and rec ords the com po si tion and thick ness of the de pos its.  Both
of these maps pro vide the pub li c and State, Fed eral, and mu nici -
pal agen cies with in for ma tion needed for spe cific stud ies.  The
re port that fol lows de scribes the sur fic ial de pos its that were
found within the quad ran gle and uses them to in ter pret the gla -
cial and post gla cial his tory of the area.

Pre vious Work

Thomp son and Pres  cot t  (1977)  pre  pared a
reconnaissance- level sur fic ial geo logic map of the Port land East
quad ran gle.  Ad di tional work on the sur fic ial ge ol ogy of the
study area has been car ried out by J.M. Clinch (MGS, un pub -
lished data).

Lo ca tion

The Port land East quad ran gle is lo cated in south east ern
Cum ber land County in south ern Maine.  It en com passes parts of
the towns of Fal mouth, Port land, South Port land, Cape Eliza -
beth, Cum ber land, and Yar mouth.  Ap proxi mately 60% of the
quad ran gle is cov ered by Casco Bay and in cludes sev eral is lands 
such as Great Dia mond Is land, Cush ing Is land, Peaks Is land, and 
Long Is land. The to pog ra phy of the quad ran gle con sists of gen -
tle ter rain with a few iso lated hills (Fort Hill, Rohrs Hill, and

Mun joy Hill).  Ele va tions range from sea level to a high of 176 ft
(54 m) in Fal mouth Fore side in the north west ern cor ner of the
quad ran gle.   The is lands are sepa rated by ma rine troughs in clud -
ing Dia mond Is land Roads, Hussey Sound, White Head Pas sage, 
and Luckse Sound.  Depths within these troughs range from
about 20 to 115 ft (6- 35 m).

SURFICIAL  GEOLOGY

Much of the study area is cov ered by sur fic ial sedi ments
that were de pos ited dur ing the ex pan sion and re treat of the most
re cent (late Wis consi nan) gla cial ice sheet or dur ing the pe ri od of 
ma rine sub mer gence that ac com pa nied gla cial re ces sion.  The
gen eral stra tigraphic se quence of these de pos its on the geo logic
map con sists of: till (map unit Pt), de pos ited di rectly by the ac -
tion of gla cial ice; sub ma rine fan de pos its (Pmf), which are
water- laid sedi ments de pos ited where the re ced ing gla cier mar -
gin stood in the sea; gla cioma rine mud of the Pre sump scot For -
ma tion (Pp), de pos ited dur ing the time of late- glacial ma rine
trans gres sion; and ma rine near shore de pos its (Pmn), formed
dur ing the re gres sion of the sea.  Sedi ments de pos ited dur ing
post gla cial (Holo cene) time in clude swamp (Hws), marsh
(Hwm), and al lu vial (Ha) de pos its.  Ar ti fi cial fill (af) is also pres -
ent in the quad ran gle, and was mapped where fea si ble at the
scale of the quad ran gle.

Bed rock and Thin Drift

Bed rock out crops are rela tively abun dant through out the
quad ran gle.  The shore lines as well as much of the land area on
the is lands have ex posed or near- surface bed rock.  The shore -
lines on the main land also have a sig nifi cant amount of ex posed
bed rock, and a large por tion of the land has only a thin cover of
sur fic ial sedi ments.  Due to the number of bed rock out crops in
the study area, most in di vid ual out crops are not mapped.  Rather, 
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they are in cluded in ar eas of “thin drift,” which are in di cated by
the hori zon tal ruled pat tern.  This pat tern in di cates ar eas where
there are many out crops or only a thin, dis con tinu ous ve neer of
sedi ment over ly ing the bed rock.  

In ar eas where there are only a few bed rock out crops, a dot
shows the lo ca tion and, if pos si ble, the shape of in di vid ual out -
crops.  A few larger ar eas of ex posed ledge are shown in gray.
The unit Ptd in di cates ar eas where it is dif fi cult to iden tify the
over ly ing sedi ment com po si tion or ori gin due to ex ten sive re -
work ing, as well as some is lands that were not vis ited dur ing
field work.  Ar eas mapped as Ptd in clude many of the smaller
rocky is lands such as Clap board Is land, Cow Is land, and Ram Is -
land. 

Till

Till (Pt) is wide spread in the Port land East quad ran gle.
This unit gen er ally con sists of gray to grayish- brown or
reddish- brown, com pact sedi ment that was de pos ited di rectly by 
the ac tion of gla cial ice.  The till is a poorly sorted, typi cally
non- stratified mix ture of sand, silt, peb bles, cob bles and boul -
ders.  

The iden ti fi ca tion of till was based on ob ser va tion of natu -
ral and ar ti fi cial ex po sures, as well as its as so cia tion with hum -
mocky to pog ra phy and a large number of boul ders.  The best
ex po sures of till were found in Fal mouth, near the High School,
at the Pine Grove School, and along Waites Land ing Road.
Other ex po sures were found in Cape Cot tage, on Cush ing Is land, 
Peaks Is land at the Whale back, and on Great Dia mond Is land at
Echo Point. 

Gla cioma rine fan de pos its

Two gla cioma rine fans (Pmf) were found in the Port land
East quad ran gle.  Both are lo cated in the south west ern part of the
quad ran gle, in South Port land.  These de pos its formed where
gla cial sedi ments washed into the ocean dur ing brief stand stills
in ice re treat.  Dur ing these stand stills, melt wa ter emerg ing at the 
gla cier mar gin de pos ited strati fied sand and gravel in a sub ma -
rine en vi ron ment.  The strati fi ca tion in these fans dips gen er ally
to the south.  The south ern most fan was ex posed in a gravel pit
off of Saw yer Road.  The ex po sure showed in ter bed ded sand and 
gravel with a thin bed of clay drap ing the de posit.  The north ern
fan was not well ex posed, but it was iden ti fied based on the pres -
ence of an ex ten sive sand and gravel de posit.

Pre sump scot For ma tion

The Pre sump scot For ma tion was named and first de fined
by Bloom (1960).  It is the gla cioma rine mud (Pp) that oc curs
over much of south ern Maine.  This unit con sists of silt and clay,
with mi nor fine sand.  It usu ally has a gray or blue- gray color in
the un weath ered state, and its weath ered color is olive- gray to
brownish- gray.  Ma rine shells are of ten found in the mud, and a

shell lo cal ity was dis cov ered in the south west ern cor ner of the
quad ran gle (near the gravel pit and along the north ern edge of
the south ern gla cioma rine fan).  

The Pre sump scot For ma tion was de pos ited dur ing the
late- glacial in un da tion of the sea into the coastal low lands of
Maine dur ing the re ces sion of the Lau ren tide Ice Sheet.  Good
ex po sures of this unit can be found along the shore of Fal mouth
Fore side and where Mill Creek crosses Route 88 in Fal mouth.
Other ex po sures can be seen near Trout Brook in the south west -
ern cor ner of the quad ran gle, and along the east ern edge of South 
Port land.  The thick ness of the unit within the study area was
hard to de ter mine.  The ex po sure at Mill Creek showed a thick -
ness of ap proxi mately 10 ft (3 m), but con sid era bly greater thick -
nesses may oc cur else where.

Ma rine Near shore De pos its

Dur ing the re gres sion of the late- glacial sea (due to iso -
static up lift of the earth's crust), the gla cial de pos its were re -
worked by ma rine pro cesses as rela tive sea level fell.  This
re sulted in the depo si tion of the ma rine near shore de pos its
(Pmn).  These de pos its formed along former shore lines and com -
monly con sist of a patchy ve neer on older de pos its. 

The ma rine near shore unit con sists of reddish- brown to
grayish- brown sand and gravel.  The unit is poorly sorted and is
strati fied in places.  The clasts range from an gu lar to sub -
rounded.  The ma rine near shore unit was found in all parts of the
quad ran gle.  Some ar eas on the is lands, in clud ing Peaks and
Great Dia mond Is lands, have de pos its of Pmn that are most
likely spit de pos its formed from the re work ing of older sand and
gravel or till de pos its dur ing ma rine re gres sion.  Other ex po sures 
of Pmn con sist of a thin ve neer of sedi ment over ly ing bed rock.
These thin- drift ar eas can be seen in the north west ern part of the
quad ran gle.  Other good ex am ples of the ma rine near shore unit
oc cur near the Fore side Church in Fal mouth and at a bor row pit
near the Un der wood School, also in Fal mouth.

Mod ern Shore line De pos its

The Holo cene shore line or beach de pos its (Hms) are pres -
ent along much of the coast line of the main land and is lands
within the Port land East quad ran gle.  These de pos its of ten oc -
cupy shel tered in lets and coves where wave re work ing of older
sedi ments takes place.  The unit ranges from peb bly, coarse
gravel beaches to fine sandy beaches like those found at Big
Beach on Cush ing Is land and West Shore Sandy Beach on Lit tle
Dia mond Is land.  

Holo cene Wet land De pos its

A few ar eas have post gla cial al lu vial (Ha), marsh (Hwm),
and swamp (Hws)  de pos its.  The al lu vial de pos its are found
along streams and their flood plains, and con sist of sand, gravel,
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and mud.  The marsh and swamp de pos its oc cur in low- lying,
poorly drained ar eas and con sist mainly of or ganic sedi ments.  A
large marsh oc cu pies the shore line of the Pre sump scot River
near the west ern mar gin of the quad ran gle.  On Peaks Is land, a
large swamp is lo cated in the north ern part of the is land.

LATE  WISCONSINAN  GLACIAL  AND 
POSTGLACIAL  HISTORY

In the Port land East quad ran gle the gla cial sedi ments rec -
ord the most re cent (late Wis consi nan) gla cia tion, when the Lau -
ren tide Ice Sheet cov ered the state.  The ice ad vanced across
Maine and reached a ter mi nal po si tion in the Gulf of Maine ap -
proxi mately 17,000 yr B.P. (years ago) (Smith, 1985). Re gional
ice flow at this time was from the north west to south east.  This
can be seen in the gla cial stria tion trends in the quad ran gle,
which range from ap proxi mately 128o to 180o. The ad vance of
the large ice sheet was re spon si ble for the depo si tion of much of
the till found within the quad ran gle.  Till lo cali ties in the quad -
ran gle il lus trate the com pact, poorly sorted na ture of lodge ment
till formed dur ing ice ad vance.

As the ice be gan to re treat, it reached the pres ent south ern
Maine coast line by 14,800 yr B.P. (Wed dle and oth ers, 1993).
Dur ing ice re treat, the re ced ing gla cier mar gin re mained in con -
tact with the sea as ma rine trans gres sion oc curred, due to lin ger -
ing iso static crus tal de pres sion caused by the large mass of the
ice sheet.   Ice mar gin po si tions can be iden ti fied in the south west 
part of the quad ran gle based on the lo ca tion of the two gla cioma -
rine fans.  Each fan rep re sents a pe ri od when the ice front re -
mained at the north west mar gin of the fan long enough for the
de posit to be built.  

Dur ing the time of ice re treat, silt, clay and fine sand (the
Pre sump scot For ma tion) were de pos ited as a muddy unit on the
floor of the late- glacial sea.  This unit drapes the older de pos its of 
till, as well as the gla cioma rine fans, and is found in the low-
 lying ar eas where the depth to bed rock is rela tively high.  This re -
la tion ship can be seen near the south ern most fan in South Port -
land.  At the gravel pit ex po sure, in ter bed ded sand and gravel is
over lain by the Pre sump scot For ma tion.  This unit also oc curs
just north of the fan in an ex po sure ap proxi mately 6 ft (2 m) high. 
Ma rine shells were found in the lat ter ex po sure, which con firms
the ma rine ori gin of the sedi ments. 

As the sea be gan to with draw from south ern Maine, it re -
worked some the older gla cial sedi ments, cre at ing a re gres sive
fa cies con sist ing of shore line and near shore sand and gravel
(unit Pmn).  This ma rine near shore unit is found through out the
quad ran gle and can be as so ci ated with former shore lines of the
re treat ing late- glacial sea.  The coastal zone fi nally emerged by
ap proxi mately 12,000 yr B.P. in east ern Maine and by 11,500 yr
B.P. in south ern Maine (Smith, 1985).  The land was proba bly
ex posed in the Port land East quad ran gle ear lier than 12,800 yr
B.P. (Wed dle, un pub lished data, 1994).  As the sea reached its
pres ent po si tion due to con tin ual rise of world wide sea level fol -
low ing crus tal up lift, the Holo cene beach de pos its formed in
shel tered in lets and coves along the shore lines of many of the is -
lands and the main land.  Lit tle modi fi ca tion of the ter rain has oc -
curred since the last gla cia tion ex cept for the de vel op ment of
mod ern drain age and wet land sys tems, which has re sulted in
depo si tion of the stream al lu vium, marshes, and swamps in the
quad ran gle.  How ever, the most sig nifi cant modi fi ca tions have
been the human- induced changes to the land scape.  Ar eas of ar ti -
fi cal fill can be found in all parts of the quad ran gle and rep re sent
the re moval, trans port, and re de po si tion of sur fic ial ma te ri als.
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