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IN TRO DUC TION

Sur fic ial map ping in the Cape Eliza beth 7.5 minute quad -
ran gle was con ducted dur ing the sum mer of 1987 as part of the
CO GEO MAP pro gram of the Maine Geo logi cal Sur vey and the
United States Geo logi cal Sur vey. The pur pose of this co op era -
tive pro gram is to pro vide de tailed sur fic ial geo logi cal in for ma -
tion for the Coastal Low lands geo mor phic prov ince, an area
un der go ing rapid ur ban growth due to its prox im ity to Port land,
Maine, and its popu lar ity as a resi den tial area for com mut ers
work ing in the Bos ton met ro poli tan area. For each quad ran gle
mapped as part of this pro gram, two 1:24,000 maps are pre pared: 
a sur fic ial ma te ri als map (Clinch and Thomp son, 1999a) which
shows the thick ness, com po si tion and in ter preted ori gin of sur -
fic ial ma te ri als at points where sur face and sub sur face ob ser va -
tions were made, and a sur fic ial geo logic map (Clinch and
Thomp son, 1999b) show ing the dis tri bu tion of geo logic units
and (where pos si ble) fea tures that rec ord the Qua ter nary geo -
logic his tory of the quad ran gle. 

In this re port, the sur fic ial de pos its mapped in the Cape
Eliza beth quad ran gle are de scribed in de tail, and the gla cial and
post gla cial his tory of the quad ran gle is pre sented.  An ap pen dix
is also in cluded, which de scribes the sur fic ial ma te ri als de tected
in sub sur face test bor ings made as part of site in ves ti ga tions for
sew ers and high ways in Cape Eliza beth. 

PREVIOUS  WORK

Sur fic ial de pos its in the Cape Eliza beth quad ran gle were
mapped by Thomp son (1976) based on re con nais sance map ping
and ex ami na tion of ac tive gravel pits, and by Smith (1980), who

re lied chiefly on air photo in ter pre ta tion. These data were used to 
pre pare the Sur fic ial Geo logic Map of Maine (Thomp son and
Borns, 1985a). 

In for ma tion con cern ing the com po si tion and ori gin of gla -
cial and post gla cial de pos its in the re gion is given in Bloom,
(1960, 1963), Smith (1982, 1984, 1985), Stuiver and Borns
(1975), Thomp son (1982), Thomp son and Borns (1985b), and
Belk nap and oth ers (1987). Five quad ran gles south and west of
the Cape Eliza beth quad ran gle have been mapped as part of the
CO GEO MAP pro gram, in clud ing the Do ver East (Smith,
1999a,b), Ports mouth (Smith, 1999g,h), York Har bor (Clinch
and O'Toole, 1999a,b), York Beach (O'Toole and Clinch,
1999c,d) and Kit tery quad ran gles (O'Toole and Clinch,
1999a,b). In ad di tion, Neil (1999) and Smith (1977, 1999c-f,i,j)
have mapped the four 7.5 minute quad ran gles com pris ing the
Ken nebunk 15- minute quad ran gle, and de tailed map ping for the
CO GEO MAP pro gram is be ing con ducted in the other nearby
quad ran gles shown in Fig ure 1.  In for ma tion ob tained from these 
de tailed maps was use ful in in ter pret ing the de pos its and stra -
tigraphic re la tion ships ob served dur ing this map ping.

The ele va tion of glacial- marine del tas and other ma rine
limit in di ca tors were meas ured and re ported by Thomp son and
oth ers (1989), and the up per limit of the post gla cial ma rine trans -
gres sion was in ter preted from these data. While no data were
avail able from the Cape Eliza beth quad ran gle, a ma rine limit
ele va tion of 240 to 260 feet is es ti mated from data in nearby ar -
eas. This re con struc tion in di cates that the en tire Cape Eliza beth
quad ran gle was flooded dur ing gla cial re treat, and that all of the
ice- marginal de pos its within the quad ran gle were formed in a
sub ma rine en vi ron ment at or be neath a calv ing gla cier mar gin. 
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Fig ure 1.  Lo ca tion map show ing the Prouts Neck and Cape Eliza beth quad ran gles (lined pat tern).  Other quad ran gles mapped in de -
tail through 1987 are shown in the dot pat tern.  Quad ran gle names are as fol lows:  A - Al fred, BM - Bar Mills, B - Bid de ford, BP - Bid -
de ford Pool, CE - Cape Eliza beth, DE - Do ver East, KE - Ken nebunk, KP - Ken nebunk port, K - Kit tery, NB - North Ber wick, OOB -
Old Or chard Beach, P - Ports mouth, PN - Prouts Neck, W - Wells, YB - York Beach, YH - York Har bor.



LOCATION  AND  TOPOGRAPHY

The Cape Eliza beth 7.5' quad ran gle ex tends from 43° 30'N
to 43°37'30"N and from 70°07'30"W to 70°15'W, and cov ers an
area of 54 square miles, of which ap proxi mately 80% is cov ered
by the ocean. The quad ran gle is lo cated on the coast of Maine in
Cum ber land County. This area is im me di ate ly south of Port land,
the larg est city in Maine, and is the site of rapid de vel op ment. 

Ele va tions within the study area range from sea level to a
maxi mum ele va tion of 133 feet above sea level.  The maxi mum
lo cal re lief is ap proxi mately 100 feet at sev eral sites along the
sea coast. While there are only lim ited amounts of lo cal re lief,
many slopes in the quad ran gle are quite steep.

Most of the quad ran gle is drained by tribu tar ies of the
Spur wink River. The lower reaches of this river have been
drowned dur ing Holo cene ma rine trans gres sion and are now es -
tu ar ies oc cu pied by salt marshes. The re main der of the quad ran -
gle is drained by Ale wife Brook, Trout Brook, and other small,
un named creeks.

BEDROCK  GEOLOGY

The dis tri bu tion of bed rock units in the Cape Eliza beth and
neigh bor ing Prouts Neck quad ran gles was mapped by Hussey
(1985). Bed rock ex posed within the re gion in cludes a va ri ety of
meta mor phic li tholo gies of the Casco Bay Group. The for ma -
tions of the Casco Bay Group, and gross li tholo gies of each unit
are (Hussey and oth ers, 1986):

Macworth For ma tion - (up per most unit) fine- grained,
slightly cal care ous and feld spathic, thinly lami nated gray grano -
fels, with spo radic thin beds of me tafel site tuff and coarse gran -
ule beds.

Jew ell For ma tion - rusty and non- rusty weath er ing, gray
phyl lites with mi nor green ish gray chlo rite phyl lite.

Spur wink Me talime stone - thin, rib bon bed ded, gray im -
pure mar ble and quartz- biotite- plagioclase grano fels.

Scar boro For ma tion - rusty and non- rusty weath er ing,
gray phyl lites with mi nor greenish- gray chlo rite phyl lite, litho -
logi cally iden ti cal to the Jew ell For ma tion.

Dia mond Is land For ma tion - rusty weath er ing graphite-
 quartz- muscovite phyl lite with tissue- thin quartz lami nae par al -
lel to fo lia tion.

Spring Point For ma tion - a var ied se quence of ma fic me -
ta vol canic, me tasedi men tary and fel sic me ta vol canic rocks,
meta mor phosed from chlo rite grade (chlorite- spessartitic gar net
phyl lite) to gar net grade (biotite- actinolite- plagioclase gneiss).

Cape Eliza beth For ma tion - thin- bedded quartz-
 plagioclase- biotite phyl lite, schist, or gneiss, meta mor phosed
from chlo rite to K- feldspar - sil lima nite grade, with in ter beds of
metape lite, rusty phyl lite and schist.

Cush ing For ma tion - (low est unit) fel sic to in ter me di ate
me ta vol can ics and me das edi men tary rocks, with lesser ma fic
me ta vol can ics, calc- silicate grano fels, mar ble and sul fidic
schist.

The Casco Bay Group is dated as Pre cam brian to Or do vi -
cian(?) in age. These units have un der gone one ma jor de for ma -
tion, which pro duced north- northeast trend ing up right folds
with gen tle plunges. Evi dence for an ear lier stage of de for ma tion 
is lo cally ob served in the Cape Eliza beth For ma tion, but has not
been ob served in the other units.  Bed ding, dif fer en tial weath er -
ing along more eas ily ero di ble li tholo gies, and struc tural fea -
tures all im part a strong north east to south west trend ing grain to
the to pog ra phy, clearly visi ble in the bed rock ridges in the quad -
ran gle and in pro ject ing bed rock points along the shore line. 

 

INVESTIGATION  PROCEDURE

Most of the Cape Eliza beth quad ran gle is un der lain by bed -
rock, with only a thin (less than 10 feet) ve neer of Qua ter nary de -
pos its. Ex po sure of sur fic ial de pos its within the Cape Eliza beth
quad ran gle is poor and has de te rio rated since ear lier map ping by
Thomp son (un pub. field notes, 1976). The best ex po sures were
lo cated in ac tive and in ac tive gravel pits north of Great Pond and
ad ja cent to the Spur wink River, but these pits have been graded
and cov ered by hous ing de vel op ments. No ex ca vated pits ex ist
south of Great Pond, as the ma jor ity of the land is closed to de -
vel op ment, ei ther as land which is part of the Land Bank (the
Spra gue Cor po ra tion prop er ties) or as part of Cres cent Beach
and Two Lights State Parks.

In ad di tion, wave ac tiv ity dur ing the Pleis to cene ma rine re -
ces sion has re worked sedi ments ex posed on hill crests and slopes 
and pro duced a blan ket of sand and gravel sev eral feet thick over
vir tu ally all ar eas not cov ered by Pre sump scot For ma tion clays
or Holo cene de pos its. This sand and gravel blan ket com pletely
masks the pres ence of un der ly ing units in shal low shovel ex ca -
va tions, auger holes and even some shal low foun da tion ex ca va -
tions. This wave ac tiv ity has also smoothed the to pog ra phy of
many of the Pleis to cene de pos its to such an ex tent that de posit
mor phol ogy can not be used re lia bly to in fer the dis tri bu tion of
gla cial de pos its or in ter pret the re ces sional his tory of the gla ciers 
that oc cu pied this area.

Fi nally, the ma jor ity of ele vated lo ca tions have been de vel -
oped, in clud ing vir tu ally all sites un der lain by sub ma rine fans or
end mo raines. The sites which have not been modi fied by cul ture 
are usu ally those flats un der lain by Pre sump scot For ma tion silty
clays or by wet lands, which are less suit able sites for resi den tial
de vel op ment.  

These three fac tors se verely limit the amount of field ex po -
sure of gla cial and gla cio flu vial de pos its. There fore, field work
was largely lim ited to ob ser va tion of the few ac tive gravel pits,
and map ping of the lo ca tion of ex posed bed rock out crops and
the dis tri bu tion of Pre sump scot For ma tion ma rine sedi ments,
Pleis to cene al lu vium, and Holo cene wet lands and beach de pos -
its. The re main ing ar eas were as sumed to be ei ther Wis consi nan
till, end mo raines, or sub ma rine fan de pos its, but the true com po -
si tion and dis tri bu tion of these de pos its could not be ac cu rately
de ter mined.
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The sur fic ial geo logic map was pre pared by plot ting all
con tacts mapped in the field and add ing the point data ob tained
from field ob ser va tions, un pub lished field notes by Thomp son,
and sewer and road bor ings. This data was sup ple mented by con -
tacts in ferred from analy sis of ste reo pho to graphs, which were
chiefly use ful in re fin ing the lim its of units first de tected from the 
field data. A number of pre sumed ice mar ginal de pos its were
also in ferred from the air pho tos, in clud ing prob able De Geer
mo raines lo cated north of the Spur wink River. 

Due to the large number of map pa ble ice- marginal de pos its 
pres ent within the neigh bor ing Prouts Neck quad ran gle (Clinch
and Thomp son, 1999c,d) and the cor re la tions be tween these ice
mar gins that can be sup ported, the ice- marginal de pos its were
mapped as mor phose quences (Ko teff, 1974; Ko teff and Pessl,
1981). Sub ma rine fans and end mo raines in both quad ran gles
were given unique geo graphic names. Since cor re la tions were
of ten made from de posit to de posit by rea son able re con struc tion
of the ice mar gin par al lel to bet ter con strained ice mar gins, and
not be cause the de pos its are con tinu ous, the same name was not
used along any sin gle ice mar gin, so that the cor re la tion can be
changed should new in for ma tion re quire such a change. The cor -
re la tions made be tween mapped de pos its are in di cated by the
dashed ice mar gin lines on the map, and by the cor re la tion chart
shown in Fig ure 3. Fi nally, two ma rine fan de pos its lo cated in the 
quad ran gles north of the mapped area were also in cluded.

Wet land bounda ries for this quad ran gle were mapped in
part by Cor nelia Cam eron, U. S. Geo logi cal Sur vey.  Ad di tional
in for ma tion con cern ing the dis tri bu tion of wet lands de pos its
was pro vided by in spec tion of the Na tional Wet lands In ven tory
Map of the Cape Eliza beth quad ran gle, pre pared by the Of fice of
Bio logi cal Serv ices, U. S. Fish and Wild life Serv ice, De part -
ment of the In te rior. Unit con tacts were modi fied from this map -
ping by field ob ser va tions and by air photo analy sis.

 SURFICIAL  DEPOSITS

The com po si tion and dis tri bu tion of the mapped units is
listed be low. The de scrip tions are based pri mar ily on field ob ser -
va tions, sup ple mented where nec es sary with the test bor ing data.

Bed rock 

Bed rock (mapped as rk) has been mapped solely along the
mod ern shore line, where it is ex posed ei ther in cliffs 20 to 40 feet 
high, or as wave- cut ma rine ter races at the base of these cliffs,
which are emer gent at low tide. Mi nor out crops are pres ent near
the crests of many of the bed rock ridges cov ered by thin drift,
and these are shown by a pat tern on the sur fic ial geo logic map.

Thin  Drift  Ar eas

Most hillslopes at ele va tions greater than 20 feet are un der -
lain by less than ten feet of sur fic ial ma te rial over bed rock,
shown by the hori zon tally ruled pat tern su per im posed over Pt

(Pleis to cene till). These ar eas were mapped in the field on the ba -
sis of the abun dance of bed rock out crops, sup ple mented by test
bor ing data, but the chief cri te rion used to de ter mine the lim its of
this unit was whether or not the un der ly ing bed rock struc ture
was visi ble on the air pho tos. The domi nant sur fic ial li thol ogy
within these ar eas is till, with lesser amounts of Pre sump scot
For ma tion clays and ma rine near shore sand de pos its. Till ex po -
sures are most com mon on ridge crests and con sist of dia mic tons
with a silty- sand ma trix. These dia mic tons are cob bly to boul -
dery, of ten with a cob ble to boul der lag at the land sur face, in -
dica tive of win now ing by wave ac tiv ity dur ing ma rine re ces sion. 
Thin lay ers of Pre sump scot For ma tion ma rine silty clays over lie
the till in hol lows and de pres sions. On steeper slopes, both the
till and the Pre sump scot For ma tion are over lain by thin (2-5 ft)
sands and grav els, in ter preted as near shore de pos its formed dur -
ing ma rine re ces sion when the till ma trix was eroded by wave ac -
tiv ity. Small bed rock out crops and larger ar eas of nu mer ous
small out crops are pres ent near the crest of many ridges and hills. 
These are in di cated by solid black ar eas.

Wis consi nan  Till

Few map pa ble till units were de tected in the Cape Eliza -
beth quad ran gle. Thin till oc curs in much of the area mapped as
thin drift, but wave ac tiv ity dur ing the ma rine re ces sion has ex -
ten sively re worked these tills, so that no de fini tive ori gin can be
in ter preted. Till is also pres ent in the proxi mal faces of the end
mo raines, dis cussed be low.

End  Mo raines

End mo raines have been mapped in nu mer ous lo ca tions
through out the quad ran gle, chiefly on the ba sis of air photo
analy sis. Un cor re lated end mo raines have been mapped as Pem,
while those that can be cor re lated to other nearby ice mar ginal
de pos its are as signed a lo cal geo graphic name, and a five let ter
des ig na tion con sist ing of a single- letter age des ig na tor (P, for
Pleis to cene), “em” for end mo raine, and a two- letter lo ca tion
des ig na tor (eg. gp for Great Pond).  Typi cally, these mo raines are 
lo cated be tween bed rock knobs. 

A group of end mo raines was mapped im me di ate ly north of 
the Spur wink River, and west of the com mu nity of Pond Cove,
the Pond Cove end mo raines (Pempc). These end mo raines are
small, with heights of no more than 10- 15 feet, widths of ap -
proxi mately 100 feet, and ex posed lengths of ap proxi mately
1000 feet. In a gravel pit ex po sure on a mo raine ridge im me di ate -
ly north of the Spur wink River (now graded and de vel oped), 10
feet of clast- rich lodg ment till in ter fin gers with and over lies
washed sand and gravel. These units are in turn over lain by Pre -
sump scot For ma tion silty clay.  Smith (1982), Smith and oth ers
(1979), and Jong (1980) have de scribed the in ter nal struc ture of
simi lar mo raines in coastal ar eas of Maine and have noted that
most ex posed mo raines con sist of in ter bed ded peb ble to cob ble
grav els and fine to coarse sand, in tensely de formed by ice- push,
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al though till mo raines were also ob served. These mo raines are
usu ally over lain by Pre sump scot For ma tion clays and near shore
sands. In the Cape Eliza beth quad ran gle, all mo raines were
mapped on the ba sis of mor phol ogy, and the com po si tion of the
over ly ing sedi ments that par tially masked the mo raines was ig -
nored.

Two larger end mo raines were mapped, chiefly on the ba sis 
of the de posit mor phol ogy. The Great Pond end mo raine is a
ridge lo cated north west of Great Pond and is the site of Fowler
Road.  No ex po sures are now pres ent on this end mo raine, but till 
was ob served in build ing foun da tions by Thomp son (un pub.
field notes, 1976). The Rich ards Pond end mo raine forms the
ridge sepa rat ing Great Pond from Rich ards Pond. Again, no ex -
po sures are pres ent in this mo raine, but till was ob served in spoil
piles ad ja cent to newly con structed houses on the north ern (ice-
 proximal) side of the ridge. Sur face sedi ments on this mo raine
con sist of re worked near shore sands ad ja cent to thin drift ex po -
sures and raised beach sedi ments along the crest of the ridge.
Con se quently, this unit was mapped us ing a “sand wich” des ig -
na tion, Pms- Pmn/Pemrp.

Sub ma rine  Out wash  Fans

Sub ma rine out wash fans have been mapped at two sites in
the Cape Eliza beth quad ran gle. As they are as so ci ated with the
two large end mo raines, they were given the same geo graphic
names as the end mo raines, and are dif fer en ti ated from the end
mo raines as “mf”, for ma rine fan, in stead of “em”, for end mo -
raine. No ex po sures are now pres ent in these ma rine fans, but
based on the ex po sures and sub sur face data ob tained in the
neigh bor ing Prouts Neck quad ran gle, these fans are com pos ite
units and in clude not only sand and gravel, but also sig nifi cant
amounts of till at the proxi mal mar gin of the fan, thick lay ers of
Pre sump scot For ma tion silty clay in ter bed ded with and over ly -
ing the sub ma rine fan sand and gravel, and a sur face blan ket of
near shore de pos its re worked from the un der ly ing ma te ri als by
wave ac tiv ity dur ing ma rine re gres sion. 

Ide al ized cross sec tions of a typi cal large end mo raine and
sub ma rine fan are shown in Fig ure 2. The com po si tion and struc -
ture of the sub ma rine fans is simi lar to that of the larger end mo -
raines. Till oc curs only in the proxi mal parts of these fea tures,
and the bulk of the sedi ment is com posed of sand and gravel. The 
dis tinc tion be tween the fea tures is proba bly ar bi trary and was
made here pri mar ily on the ba sis of the form of the out crop and
sub crop pat tern; lin ear fea tures were called end mo raines, while
more el lip ti cal to equant fea tures were called sub ma rine fans. In
many cases, end mo raines were mapped ad ja cent to promi nent
ma rine fans, and the bounda ries be tween them are ar bi trary.

These sub ma rine fans are thought to be formed from flu vial 
de bris trans ported in sub gla cial tun nels, and de pos ited at the ice
mar gin at the mouth of these tun nels. Un pub lished map ping by
the sen ior author at mod ern ma rine gla cier ter mini sug gest that
fans and del tas the size of those found in the Cape Eliza beth
quad ran gle can form in as short a time as a dec ade.

Pre sump scot  For ma tion

Thick silts and clays of the Pre sump scot For ma tion
(mapped as Pp) un der lie low- relief ar eas north and south of the
Spur wink River, along sev eral of the mi nor streams and in flats
atop bed rock highs. The clays dis con forma bly over lie till and
bed rock, and are in ter bed ded with and con forma bly over lie end
mo raine and sub ma rine fan de pos its, as was pre vi ously dis -
cussed. The Pre sump scot For ma tion con sists of mas sive to lami -
nated silty clays, with rare ice- rafted clasts. Unoxi dized
Pre sump scot For ma tion clays have a blue- gray color and are
char ac ter ized by their low bear ing ca pac ity; in some places,
probes through un weath ered Pre sump scot For ma tion can pene -
trate the clay sim ply due to the weight of the ham mer placed atop
the probe. Weath ered Pre sump scot For ma tion is an oxi dized ol -
ive gray to green color, and has a higher bear ing ca pac ity and re -
sis tance to pene tra tion. 

The Pre sump scot For ma tion con sists of silts and clays de -
liv ered to the gla cier ter mi nus by sub gla cial flu vial ac tiv ity.
Coarser sand and gravel is de pos ited at the mouths of these tun -
nels as sub ma rine fans, while the finer silt and clay are trans -
ported far ther from the ice mar gin, where they even tu ally set tle
out as blan kets of ma rine clay that pref er en tially in fill topo -
graphic lows and cover all but the steep est slopes. 

Near shore  De pos its

Fol low ing depo si tion of the Pre sump scot For ma tion, all
sur fic ial ma te ri als were win nowed and re worked by wave ac tiv -
ity dur ing ma rine re ces sion. This re work ing is re corded by a thin
to thick blan ket of re worked sand, sand and gravel, or silty sand
cov er ing vir tu ally all hillslopes and the flats ad ja cent to these
hillslopes, mapped and in ter preted as near shore de pos its (Pmn).
This layer is de tected in vir tu ally all natu ral ex po sures and test
bor ings, as noted in the logs ap pended to the sur fic ial ma te ri als
map, but it was only in cluded on the sur fic ial ge ol ogy map where 
it com pletely ob scures and masks the older ice- contact de pos its. 

While these de pos its are the re sult of wave ac tiv ity along or 
near an cient shore lines, they are not mapped as beaches, be cause 
they are not as so ci ated with defi nite beach mor phol ogy. Beach
mor phol ogy re lated to a Pleis to cene shore line is pos si bly pre -
served at only one site, atop the Rich ards Pond end mo raine,
where thick beach and dune sands are pres ent atop the mo raine at 
ele va tions above mod ern shore line de pos its. 

Holo cene Al lu vium, Es tu ar ine Sedi ments, and Wet land De -
pos its

 Holo cene wet land de pos its have been mapped over much
of the low lands within the quad ran gle. The larg est wet lands are
the salt marshes de vel oped in the drowned es tu ar ies along the
Spur wink Riv ers and its tribu tar ies. Test bor ings across simi lar
marshes in the Prouts Neck quad ran gle in di cate that the Pre -
sump scot For ma tion silty clays ex posed in the scarps fring ing
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the salt marshes were re moved by flu vial ero sion to a depth of at
least 20 feet be low sea level dur ing a rela tive low stand of sea
level. Dur ing the sub se quent ma rine trans gres sion, these riv ers
were drowned, the val leys were filled by es tu ar ine sands and
muds, and the salt marshes de vel oped atop these es tu ar ine sedi -
ments. Other wet lands mapped in clude the swamps and marshes
sur round ing Great Pond, swamps along the courses of some of
the mi nor drain ages, and a large swampy area south west of Great 
Pond where a swamp is de vel oped in thin sedi ments over ly ing
bed rock.

All wet land de pos its were dis tin guished on the ba sis of
whether the wa ter in these ar eas is brack ish or salt (salt marshes,
Hwsm), or fresh (all other wet lands), and by the vege ta tion pres -
ent in these ar eas: grasses and sedges (salt marshes, Hwsm, and
fresh wa ter marshes, Hwfm), bushes and scrub brush (heaths,
Hwh), or trees (swamps, Hws). Suf fixes are used to de scribe the
abun dance of peat in the wet lands, with p des ig nat ing over 5 feet
of com mer cial qual ity peat (ash con tent less than 25%, dry ba -
sis), t des ig nat ing less than 5 feet of com mer cial peat, or any

thick ness of non- commercial peat, and no sub script to des ig nate
a min eral sub strate.

Holo cene  Beach  De pos its

Mod ern beaches, mapped as Hms, are mapped along the
mod ern shore line. The larg est beach mapped is Cres cent Beach,
de vel oped in a pro tected cove be tween bed rock capes. Other
small pocket beaches mapped along the coast are also formed in
pro tected coves be tween pro ject ing rock spurs and con sist
largely of cob bles and boul ders.

GLACIAL  AND  POSTGLACIAL  HISTORY

While it is al most cer tain that nu mer ous gla cia tions have
helped to shape the coastal area of Maine, there is no evi dence
within the Cape Eliza beth quad ran gle that can be used to dem on -
strate these older gla cial events. All de pos its mapped within the
quad ran gle or de tected in sub sur face test bor ings were de pos ited 
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Fig ure 2.  Ide al ized cross sec tions of the larger end mo raines and sub ma rine out wash fans in the Prouts Neck quad ran gle, based on pit
ex po sures and sub sur face test bor ing data.  This il lus trates how simi lar the two types of de pos its are.



dur ing the most re cent gla cial advance- retreat cy cle in Late Wis -
consi nan time, or dur ing post gla cial time.

Stria tion di rec tions meas ured within the Cape Eliza beth
and ad join ing Prouts Neck quad ran gle are nearly uni di rec tional,
with ice flow di rec tions vary ing be tween 160° and 175°. No
cross ing stria tions were noted.

Re gional stud ies in di cate that ice com pletely cov ered the
Gulf of Maine dur ing the last gla cial maxi mum. Re treat proba bly 
be gan ap proxi mately 17,000 yr B. P., and the ice mar gin may
have been near the coast of Maine at ap proxi mately 14,000 yr B.
P.  No ra dio car bon dates have been ob tained from de pos its in the
Prouts Neck or Cape Eliza beth quad ran gles, but dates lim it ing
the time of de gla cia tion are avail able from nearby ar eas. Smith
(1985) de scribes the stra tigraphic im pli ca tion of two dates ob -
tained from ex po sures in the Ken nebunk area, from Great Hill
(13,830 ± 100, QL- 192) and from the Ken nebunk land fill
(13,200 ± 120, Y- 2208), which he in ter prets as dat ing the pres -
ence of the ice mar gin at these sites. If these dates are cor rect, re -
con struc tion of the ice mar gin at that time dem on strates that the
Cape Eliza beth quad ran gle would have been cov ered by ice.
Four dates have been ob tained from shelly ho ri zons in the Pre -
sump scot For ma tion, ex posed in the Port land West quad ran gle,
im me di ate ly north of the Cape Eliza beth quad ran gle, 12,370 ±
140 (Y- 2209), 12,350 ± 140 (Y- 2210), 12,040 ± 105 (SI- 3926)
and 11,640 ± 115 (DIC- 1595) (Smith, 1985). All of these are
mini mum dates for the de gla cia tion of the re gion, and dem on -
strate that the Prouts Neck and Cape Eliza beth quad ran gles were
de gla ci ated prior to ap proxi mately 12,500 yr B. P.

Dur ing gla cial re treat through the Cape Eliza beth quad ran -
gle, the gla cier re treated by calv ing into open ocean wa ters
which cov ered the en tire quad ran gle. While ocean lev els world -
wide were con sid era bly lower than mod ern sea level due to the
tre men dous vol ume of wa ter stored as ice in the con ti nen tal gla -
ciers, in Maine the land sur face was iso stati cally de pressed so
that lo cal sea level was higher than the mod ern sea level. Ex -
trapo la tion of shore line ele va tion data from neigh bor ing ar eas
sug gests that the Pleis to cene rela tive sea level was ap proxi -
mately 240- 260 feet above mod ern sea level (Thomp son and
oth ers, 1989).

Gla ciers re treat in this en vi ron ment by calv ing, or shed ding 
ice bergs at sites where the gla cier had thinned suf fi ciently so that 
it started to float. Ice mar gins in such an en vi ron ment are the re -
verse of what would be ex pected from sites with simi lar to pog ra -
phy above the ma rine limit. Deeper wa ter within topo graphic
lows pro motes more rapid calv ing re treat, lead ing to an em bayed 
ice mar gin at these sites. In con trast, the gla cier re treats more
slowly over topo graphic highs, re sult ing in lo cal prom on to ries
of ice at these sites. Ice mar ginal po si tions in a topo graphic low
should there fore be con cave downgla cier, and the trace of suc -
ces sive po si tions typi cally piv ots about par ticu larly high points
on ei ther side of these val leys. This pat tern for ice re treat is well
dis played in the Prouts Neck and Cape Eliza beth quad ran gles.

A to tal of four teen suc ces sive ice mar ginal po si tions could
be iden ti fied by rea son able cor re la tions of the ice mar ginal de -

pos its in the Prouts Neck quad ran gle, and three of these could be
iden ti fied in the Cape Eliza beth quad ran gle, as shown in the cor -
re la tion chart (Fig ure 3) and by the mapped ice mar gins shown in 
Fig ure 4. The mapped ice mar gins are des ig nated by capi tal let -
ters, A to N. Only the first four ice mar gins (A-D) are iden ti fied
in the Cape Eliza beth quad ran gle.

The ear li est ice mar gin (A) is de fined by the Prouts Neck
end mo raine (Pempn), which un der lies the un con soli dated de -
pos its that con nect Prouts Neck it self with the main land. The ice
mar gin is cor re lated with the Hig gins Beach end mo raine clus ter
(Pemhb), and ten ta tively cor re lated with the Rich ards Pond end
mo raine (Pemrp) in the Cape Eliza beth quad ran gle, al though
this last cor re la tion can not be proven with cer tainty.

The gla cier re treated rap idly up the val ley of the Spur wink
River and the Scar bor ough River and in the low now oc cu pied
by Great Pond, and less rap idly on the high lands be tween these
lows. A sec ond ice mar gin (B) is de fined by the first of the Scar -
bor ough Cen ter ma rine fans (Pmfsc1), the San ford Pit ma rine fan 
(Pmfsp), the Spur wink River ma rine fan and end mo raine
(Pemsr, Pmfsr), and the Great Pond end mo raine and ma rine fan
(Pemgp, Pmfgp) in the Cape Eliza beth quad ran gle.The gla cier
re mained pinned on the high lands ad ja cent to the San ford Pit
ma rine fan, while re treat ing in the low lands ad ja cent to this high -
land. In the Scar bor ough River ba sin, at least two more small
ma rine fan com plexes were de pos ited (Pmfsc2, Pmfsc3), which
de fine ice mar gins C and D, while a group of De Geer mo raines,
the Pond Cove end mo raines (Pempc), was formed north of the
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Fig ure 3.  Cor re la tion chart, show ing which ice mar ginal de pos its rec -
ord suc ces sive re treat po si tions in the Prouts Neck and Cape Eliza beth
quad ran gles, and por tions of the neigh bor ing quad ran gles.  Each suc -
ces sive ice mar gin is des ig nated by the let ters A through N, which are
used to la bel the ice mar gins in Fig ure 4.
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Fig ure 4.  Sketch map of suc ces sive ice mar ginal po si tions in the Prouts Neck (PN) and Cape Eliza beth (CE) quad ran gles, and por -
tions of the Port land East (PE), Port land West (PW), and Old Or chard Beach (OOB) quad ran gles.  End mo raines are shown in black,
sub ma rine fans are shown by the sand pat tern and bed rock knobs are shown by the schist pat tern.



Spur wink River. Fol low ing depo si tion of these units, the gla cier
re treated away from the coastal high lands. No younger ice mar -
ginal de pos its were ob served in the Cape Eliza beth quad ran gle.

As the gla cier oc cu pied each of these ice- marginal po si -
tions in suc ces sion, coarse clas tic de bris was de pos ited in the im -
me di ate vi cin ity of the gla cier mar gin, in the form of sub ma rine
out wash and/or till, now pre served as sub ma rine fans and end
mo raines. Finer clas tic de bris de liv ered to the gla cier mar gin in
sub gla cial tun nels was more widely dis persed and was de pos ited 
be yond the gla cier mar gin as the Pre sump scot For ma tion. The
pat tern of gla cial re treat in the area sug gests that the po si tion of
the ice mar gin was largely or en tirely con trolled by lo cal to pog -
ra phy, with no evi dence for cli mati cally con trolled read vances.

Lo cal up lift, the re sult of iso static re bound, took place dur -
ing gla cial re treat, caus ing a ma rine re ces sion shortly af ter the

gla ciers left the area. Re gional data re ported by Belk nap and oth -
ers (1987) sug gests that the re ces sional sea level reached mod ern 
sea level at ap proxi mately 11,000 yr B. P. Dur ing this re ces sion,
wave ac tiv ity win nowed tills and other de pos its man tling
hillslopes, form ing the blan ket of near shore de pos its found on
hillslopes and the flats ad ja cent to hills. 

Rela tive sea level con tin ued to lower, un til ap proxi mately
9,000 yr B. P., as iso static re bound con tin ued to out pace eustatic
sea level rise caused by the melt ing gla ciers (Belk nap and oth ers, 
1987). Dur ing this time in ter val, down cut ting oc curred along all
of the ma jor drain ages to lev els be low mod ern sea level. Since
9,000 yr B. P., sea level has risen to its mod ern level, caus ing ag -
gra da tion within the river chan nels, drown ing of the lower por -
tions of the chan nels to form es tu ar ies now filled by salt marshes, 
and the for ma tion of mod ern beaches. 
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AB-1 6 fine sand, some silt.................near shore de posit
AB-2 4 fine sand, some silt.................Wis consi nan till

trace fine gravel
0.5 weath ered rock

Re fusal
AB-3 5 fine sand and silt ....................Wis consi nan till

trace fine gravel
AB- 22 10 fine to coarse sand..................Wis consi nan till

trace fine to coarse
gravel, trace silt

AB- 23 4 fine to coarse sand..................Wis consi nan till
lit tle silt and fine
to me dium gravel

3 fine to coarse sand..................sub ma rine out wash
trace fine to coarse
gravel

AB- 28 3 silt ...........................................fresh wa ter marsh
2 silty sand.................................fresh wa ter marsh
2 fine to coarse sand..................near shore de posit

AB- 29 3 ar ti fi cial fill
2 fine to coarse sand..................near shore de posit
4 silty clay .................................Pre sump scot For ma tion

AB- 30 1.5 silty clay .................................Pre sump scot For ma tion
1.5 silty clay .................................Pre sump scot For ma tion

AB- 31 8 silty clay .................................Pre sump scot For ma tion
AB- 32 6 clay .........................................Pre sump scot For ma tion

1 gravel and clay,.......................Wis consi nan till
trace sand

AB- 33 3 silty clay .................................Pre sump scot For ma tion
6 sandy clay...............................proxi mal Pre sump scot 

................................................For ma tion
AB- 34 3 fine to coarse sand..................near shore de posit

and silt, lit tle
fine to coarse gravel

AB- 35 4.5 silt and fine to coarse .............Wis consi nan till
sand, trace fine to
coarse gravel and 
oc ca sional stones
Re fusal

B-1 3 fine to coarse sand..................Wis consi nan till
with gravel, some silt

5 fine to coarse sand..................sub ma rine out wash
with gravel

3.5 fine to me dium sand...............sub ma rine out wash
Probed to 14.9 ft. - no re fusal

CB- 21 3 fine to coarse sand..................Wis consi nan till
some fine to coarse
gravel

5 fine sand, some silt.................Wis consi nan till
trace fine to me dium
gravel

CB- 22 7 silty fine to coarse sand..........near shore de posit
3 silty fine sand

CB- 23 3 fine to coarse sand..................near shore de posit
and gravel

5 fine to me dium sand,..............near shore de posit
lit tle silt

EF-7 3 fine silt....................................Holo cene swamp
5 fine sand and silt ....................near shore de posit

some clay
EF-8 1 silt ...........................................Holo cene swamp

1.5 weath ered rock
Re fusal

EF- 8A 2 silt and some fine sand...........near shore de posit
1 weath ered rock

Re fusal
EF- 8B 8 fine sand and silt ....................near shore de posit

some clay
EF-9 3 silt ...........................................Pre sump scot For ma tion

7 silt and clay, trace...................Pre sump scot For ma tion
fine sand

EF- 10 7.5 fine to coarse sand..................near shore de posit
1 weath ered rock

Re fusal
EF- 11 6 silty fine to coarse sand..........near shore de posit
EF- 12 7 silty fine to coarse sand..........near shore de posit 
P-1 8 silty, grav elly sand..................Wis consi nan till

with cob bles
3 sandy silt with gravel .............Wis consi nan till

P-2 6 ar ti fi cial fill
4 sandy clayey silt .....................proxi mal Pre sump scot 

................................................For ma tion
P-3 4 ar ti fi cial fill

3 clayey sandy silt .....................proxi mal Pre sump scot 
................................................For ma tion

3.5 fine sand .................................sub ma rine out wash
P-4 3 ar ti fi cial fill
 5 sandy silt with gravel .............Wis consi nan till

cob bles and boul ders
0.25 weath ered rock

Re fusal
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AP PEN DIX  A.  SUR FIC IAL  MA TE RI ALS  OF  THE  CAPE  ELIZA BETH  QUAD RAN GLE.

Bor ing Thick ness De scrip tion of Litho logic
   No. (in feet)  Sub sur face Ma te ri als In ter pre ta tion

Bor ing Thick ness De scrip tion of Litho logic
   No. (in feet)  Sub sur face Ma te ri als In ter pre ta tion

Ap pen dix  A:  Sur fic ial  Ma te ri als  of  the  Cape  Eliza beth  Quad ran gle

J. Mi chael Clinch and Woodrow B. Thomp son

Test bor ings were made for the Port land Wa ter Author ity in por tions of the Cape Eliza beth Quad ran gle, as part of sewer con -
struc tion. The vast ma jor ity of test bor ings were probes to re fusal, typi cally on bed rock in ar eas of thin drift cover. The lo ca tion and
probe depth of these bor ings were not re corded on the sur fic ial ma te ri als map, nor are they listed here. For those few test bor ings
where a de scrip tion of the ma te ri als was pro vided, the thick ness, com po si tion and in ter pre ta tion of the units en coun tered is pro vided
be low. The authors wish to thank Mr. Ian Rob ert son, the en gi neer in charge of con struc tion of the sewer sys tem, for pro vid ing ac cess
to the speci fi ca tions and blue prints which con tained the test bor ing logs.



P-5 5 ar ti fi cial fill
3 fine sand .................................near shore de posit

P-6 2 ar ti fi cial fill
4 sandy silt with gravel .............Wis consi nan till

Re fusal
P-7 3 ar ti fi cial fill

6 fine to me dium sand...............near shore de posit
with silt

P-8 2 ar ti fi cial fill
3 sandy silt, trace clay ...............near shore de posit
4 fine sand .................................near shore de posit

P-9 3 ar ti fi cial fill
5 fine sand .................................near shore de posit
1 sandy silt with gravel .............Wis consi nan till

P-10 1 ar ti fi cial fill
6.5 silty fine to me dium sand .......near shore de posit

Re fusal
P- 10A 2 ar ti fi cial fill

1 weath ered rock
Re fusal

P-11 1 ar ti fi cial fill
2 silty fine to me dium sand.......near shore de posit
1 weath ered rock

Re fusal
P-14 4 silty, grav elly sand..................Wis consi nan till

3.5 weath ered rock
Re fusal

PC-1 3 or ganic silt, trace sand............Holo cene swamp
Re fusal

SC- 44 4 fine to coarse sand..................Wis consi nan till 
and gravel
Re fusal

SC- 46 2 fine to coarse sand..................near shore de posit
and gravel

3.5 Fine sand, some silt ................Wis consi nan till
 trace fine to coarse

gravel
SC- 53 3 fine to coarse gravel ...............Wis consi nan till or

trace rock frag ments...............near shore de posit
Re fusal

SC- 63 4 fine sand .................................near shore de posit
3 fine to me dium sand...............near shore de posit

trace fine gravel
SC- 67 3 fine to coarse sand..................near shore de posit

and gravel
3  fine sand and silt ....................proxi mal Pre sump scot 

lit tle clay.................................For ma tion
SC- 75 3.5 fine to coarse sand..................Wis consi nan till

some fine to coarse
gravel, trace silt
Re fusal

SC- 77 1 fine to coarse sand..................near shore de posit
3 weath ered rock

Re fusal

SC- 79 5 fine sand, some silt.................Wis consi nan till
trace fine gravel

1 weath ered rock
Re fusal

SC- 155 7 fine to me dium sand,..............Wis consi nan till
 some fine to coarse

gravel, trace silt
SC- 157 5.2 fine to me dium sand,..............Wis consi nan till

some fine to coarse
gravel, trace silt

SC- 159 7 fine to coarse sand..................Wis consi nan till
and gravel, trace silt

SC- 193 1 weath ered rock
Re fusal

SC- 215 6 silty fine sand .........................near shore de posit
SC- 223 2 fine to coarse sand..................near shore de posit

Re fusal
SC- 225 6 fine to coarse sand..................near shore de posit
SC- 227 6 fine to coarse sand..................near shore de posit
SC- 229 7 fine to coarse sand..................near shore de posit
SS- 20 3.5 fine to coarse sand..................Wis consi nan till

 lit tle silt and fine
to coarse gravel
Re fusal

SS- 21 3.5 fine to coarse sand..................Wis consi nan till
trace fine to coarse
gravel
Re fusal

SS- 23 5.5 fine to coarse sand and...........Wis consi nan till
lit tle fine to coarse
gravel, weath ered rock
Re fusal

SS- 25 1 fine to coarse sand,.................Wis consi nan till
trace fine to coarse
gravel

SS- 27 1 fine to coarse sand..................Wis consi nan till
trace silt
Re fusal

SS- 30 6 fine to coarse sand..................Wis consi nan till
some de cayed rock,
trace silt

SS- 32 5 fine to coarse sand..................Wis consi nan till
lit tle fine to me dium
gravel, trace silt

SS- 33 1.5 ar ti fi cial fill
3.5 silt, lit tle fine to ......................proxi mal Pre sump scot 

coarse sand, trace ...................For ma tion
fine gravel
Re fusal

SS- 35 1.5 ar ti fi cial fill
0.5 silt, lit tle fine sand..................proxi mal Pre sump scot 
 trace fine gravel......................For ma tion

Re fusal
SS- 37 2 ar ti fi cial fill

5 silt and fine to coarse .............Wis consi nan till
sand, de cayed rock
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AP PEN DIX  A.  SUR FIC IAL  MA TE RI ALS  OF  THE  CAPE  ELIZA BETH  QUAD RAN GLE.

Bor ing Thick ness De scrip tion of Litho logic
   No. (in feet)  Sub sur face Ma te ri als In ter pre ta tion

Bor ing Thick ness De scrip tion of Litho logic
   No. (in feet)  Sub sur face Ma te ri als In ter pre ta tion




