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IN TRO DUC TION

The Prouts Neck quad ran gle lies just south of the cit ies of
Port land and South Port land (Fig ure 1).  The town of Cape Eliz a -
beth is just to the east.

The north ern two thirds of the quad ran gle con sists of
low-ly ing land with ex ten sive es tu ar ies and salt wa ter marshes
(Scarborough, None such, and Spurwink Rivers).  Ex ten sive
sand beaches (Fig ure 2) dom i nate the south west ern shore line
(Old Or chard, West ern, and Scarborough Beaches, and Back
Shore), whereas ledges dom i nate the north east ern shore line. 
Prouts Neck whose shore line is ledge-girded, is a prom i nent is -
land tied to the main land by an emer gent tombolo made up of
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Fig ure 2.  West ern Beach, lo cated off the mouth of the Scarborough
River, near the north east ern end of the ex ten sive sand beaches of south -
west ern Maine.

Fig ure 1.  Lo ca tion of the Prouts Neck 7.5-min ute quad ran gle, south -
west ern Maine.



West ern Beach and the south west ern end of Scarborough Beach.  
Scarborough Beach marks the north east ern end of the south ern
coastal beach zone.  North east of this is the be gin ning of the bold
and in dented coast of Maine (Fig ure 3).

To pog ra phy in the land area of the Prouts Neck quadrangle
is low, never ex ceed ing 150 feet in el e va tion.  Much of the west -
ern half of the quad ran gle is ex ten sively cov ered by gla cial and
postglacial sed i ments, and out crops are rel a tively rare.  Bed rock
ex po sures are quite abun dant in the east ern half of the quad ran -
gle, and in par tic u lar, in the area of the north east and east-cen tral
parts of the map sheet.

STRAT I FIED  ROCK  UNITS

The Prouts Neck 7.5’ quad ran gle is un der lain by for ma -
tions of the Mid dle to Late Or do vi cian age Casco Bay Group and 
the Late Or do vi cian to Early Si lu rian Merrimack Group.  Faults
sep a rate these se quences.  All for ma tions are meta mor phosed
rang ing from chlorite to staurolite grade in a Buchan-type meta -
mor phic fa cies se ries.

Casco Bay Group

Rocks of the Casco Bay Group in clude, in as cend ing or der
of age, the Cush ing For ma tion, Cape Eliz a beth For ma tion,
Spring Point For ma tion, Di a mond Is land For ma tion, Scarboro
For ma tion, Spurwink Metalimestone, and Jewell For ma tion.

Cush ing For ma tion.  The Cush ing For ma tion in the Prouts 
Neck quad ran gle is a se quence of pre dom i nantly light gray
plagioclase-quartz-mus co vite-bi o tite ± k-feld spar granofels or
gneiss, lo cally show ing compositional lay er ing (Fig ure 4).
These rocks were orig i nally in ter preted by Katz (1917) to be a
de formed granodiorite intrusion on the ba sis of their feld -
spar-rich com po si tion.  Bodine (1965) and Hussey (1971, 1988)
have de scribed rel ict pyroclastic struc tures (brec cia, crude
compositional lay er ing, crys tal tuff struc ture, and pos si ble col -
lapsed pum ice frag ments) that sug gest that these rocks are more
likely to be meta mor phosed fel sic- to in ter me di ate-com po si tion
fragmental vol ca nic rocks.

The Wil son Cove Mem ber of the Cush ing For ma tion is
rusty-weath er ing gar net-quartz-plagioclase-bi o tite-grunerite
granofels and schist (Fig ure 5).  The am phi bole, grunerite, is
iden ti fied on the ba sis of the ex ten sive mul ti ple twinning, neg a -
tive op tic sign, and pale brown ish color.  These rocks may rep re -
sent iron- and man ga nese-rich, ar gil la ceous chert with
interlayered shale prior to meta mor phism.

The Cush ing For ma tion is ex posed in three sep a rate belts,
one on Prouts Neck, an other in the vi cin ity of Spurwink Hill in
Cape Eliz a beth, and the third in the north east ern cor ner of the
map sheet in the core of the Cush ing anticline.  In the lat ter belt,
the Wil son Cove Mem ber is ab sent.  In the Prouts Neck belt, the
meta mor phic grade is staurolite, based on the pres ence of rel ict
staurolite in pelitic lay ers in the over ly ing Cape Eliz a beth For -
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Fig ure 3.  Ex po sures of the Cape Eliz a beth For ma tion just east of the
Spurwink River, mark ing the be gin ning, north ward, of the bold and
embayed part of the Maine coast.

Fig ure 4.  Thin- to heavy-bed ded ex po sure of the Cush ing For ma tion
along the east shore of Prouts Neck, Scarborough. These beds lie just
west of the core of the Prouts Neck syncline.

Fig ure 5.   Thin- to me dium-bed ded al ter na tions of gar -
net-quartz-plagioclase-bi o tite-grunerite granofels and gar net-bi o tite
quartz schist, typ i cal of the Wil son Cove Mem ber of the Cush ing For -
ma tion as ex posed on the east shore of Prouts Neck.



ma tion (see be low).  The meta mor phic grade in the other two
belts is gar net, based on gar net in the over ly ing Cape Eliz a beth
For ma tion.

Cape Eliz a beth For ma tion.  The Cape Eliz a beth For ma -
tion con sists of thin- to me dium-bed ded me dium gray
quartz-plagioclase-bi o tite ± mus co vite granofels with interbeds
of bi o tite-mus co vite-quartz-plagioclase-gar net schist (Fig ure
6).  Rel ict staurolite in mus co vite pseudo morphs, was ob served
on the south ern side of Prouts Neck, but none has been ob served
ei ther in hand spec i men or thin sec tion in the Spurwink Hill area.

Spring Point For ma tion.  The Spring Point For ma tion is a
lithologically het er o ge neous as sem blage of meta vol can ic and
metasedimentary rocks ly ing stratigraphically be tween the Cape
Eliz a beth and Di a mond Is land For ma tions.  At chlorite and bi o -
tite grade it con sists of me dium green ish gray fine-grained
chlorite-white mica-quartz ± bi o tite phyllite.  Chlorite is dis -
tinctly green ish in color in con trast to its gray color in the over ly -
ing pelitic Scarboro For ma tion.  Bi o tite is only spar ingly pres ent
and is light brown in thin sec tion.  Small euhedral to subhedral
gar nets are com mon in the for ma tion, but are not pres ent in the
pelitic as sem blage of nearby ex po sures of the Scarboro For ma -
tion.  This lower-grade oc cur rence of gar net may in di cate a high
man ga nese con tent.  Chem i cal data are not avail able to con firm
this.

In the north east ern part of the quad ran gle, at gar net grade,
the lower part of the for ma tion con sists mostly of in ter me di ate to
mafic com po si tion meta vol can ics (Fig ure 7) and the up per part
is mostly quartzo-feldspathic metasedimentary rocks and pos si -
bly metafelsic vol ca nic rocks.  The metabasites typ i cally con sist
of green actinolite, bi o tite, plagioclase, and oc ca sion ally
epidote.  The up per part of the for ma tion com monly con sists of
light gray granofels with quartz, plagioclase, bi o tite, gar net, and
car bon ate.  The gar net is ex tremely ir reg u lar, com monly oc cur -
ring as pinch and swell string ers and thin folded string ers.  These
rocks have been ex ten sively sheared.

Di a mond Is land For ma tion.  The Di a mond Is land For ma -
tion (Fig ure 8) is the most dis tinc tive and lithologically uni form
unit of the Casco Bay Group.  It is a dark black, slightly to mod er -
ately rusty weath er ing, non- to very weakly-bed ded quartz-mus -
co vite-graph ite phyllite, lo cally with abun dant pyrite.  Dis-
con tin u ous thin string ers of vein quartz par al lel to the cleav age
are char ac ter is tic of al most all ex po sures of the for ma tion.

Scarboro For ma tion.  The Scarboro For ma tion is ex posed
in bi o tite and gar net meta mor phic zones.  At bi o tite grade it is a
very fine-grained rusty and nonrusty weath er ing white
mica-chlorite-bi o tite-quartz phyllite.  Bi o tite is gen er ally very
sparse.  The cleav age is com monly folded or ir reg u larly con -
torted by shear ing.  Beds of quartz-white mica-chlorite phyllite
are spar ingly pres ent.  At gar net grade, the as sem blage and ap -
pear ance are quite sim i lar to bi o tite grade oc cur rences with the
ap pear ance of gar net and the de vel op ment of bi o tite in much
greater abun dance.  In both grades of meta mor phism, chlorite is
gray in color in con trast to its green color in the Spring Point
Formation.  The ex po sures at the south end of Hig gins Beach
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Fig ure 6.  Thin-bed ded al ter nat ing quartz-plagioclase-bi o tite-mus co -
vite-gar net schist (the evenly tex tured beds), and bi o tite-mus co -
vite-gar net schist beds (the wavy-tex tured beds).  These beds are
ex posed along the shore of Ram Is land Farm in Cape Eliz a beth, just east 
of the mouth of the Spurwink River.  The one bed against which the up -
per part of the knife is lean ing shows a hint of graded bed ding, in di cat -
ing that these beds are up right.

Fig ure 7.  Am phi bo lite of the Spring Point For ma tion ex posed in a rock
quarry along Saw yer Road, Cape Elizabeth.

Fig ure 8.  Black quartz-graph ite-mus co vite-py rite phyllite of the Di a -
mond Is land For ma tion, off High land Avenue, South Port land.



(Fig ures 9 and 10) in Scarborough were des ig nated as the type
lo cal ity for the for ma tion by Katz (1917).

A crit i cal lo cal ity for de ter mi na tion of the strati graphic se -
quence of the for ma tions of the Casco Bay Group is in a gravel
pit on the edge of Scottow Hill (NW portion).  An out crop at the
edge of this gravel pit ex poses the con tact be tween the Spring
Point For ma tion and the Scarboro For ma tion (Fig ure 11, along
the ham mer han dle).  One me ter north west of the con tact, within
the Scarboro For ma tion is a graded bed with tops to ward the
north west (Fig ure 11, knife han dle is on the lighter buff gray
base of the bed, and knife blade points to ward strati graphic top),
in di cat ing that the Scarboro For ma tion lies on top of the Spring
Point For ma tion.

Spurwink Metalimestone.  The Spurwink Metalimestone
is fine-grained ribbony-lay ered me dium gray meta mor phosed
lime stone with cal cite, bi o tite, and mi nor quartz with interbeds
of bi o tite-white mica-quartz phyllite.  Ex posed sur faces weather
brown ish and show char ac ter is tic solutional etch ing (Fig ure 12).

Jewell For ma tion.  The Jewell For ma tion (Fig ure 13) is
lithologically iden ti cal to the Scarboro For ma tion.  With out the
in ter ven ing Spurwink Metalimestone, the two for ma tions can -
not be sep a rately dis tin guished.

Ledges at Black Rock, near the out let of the Scarborough
River, con sist of con torted green chlorite phyllite and were orig i -
nally cor re lated with the green phyllite of the Spring Point For -

ma tion (Hussey, 1971).  Sim i lar rocks oc cur on strike ap prox i -
mately a mile to the north east in close prox im ity to out crops of
typ i cal Jewell phyllite, and close to ex po sures of the Spurwink
Metalimestone.  A struc tur ally sim pler in ter pre ta tion is that they
are a belt of in ter me di ate meta vol can ics in the core of the Hig -
gins Beach syncline.  They are ei ther a mem ber within the Jewell
For ma tion or are a sep a rate unit above it.  Sim i lar rocks have
been mapped within the Jewell For ma tion on the west shores of
Great Di a mond and Great Chebeague Is lands.
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Fig ure 9.  Type ex po sure of the rusty-weath er ing Scarboro For ma tion at 
Hig gins Beach, Scarborough.  The light col ored rock on the left side of
the photo is an ar gil la ceous metasandstone bed within the rusty phyllite. 
[Note the dif fer ent spell ings of the for ma tion and the town.  At the time
of map ping by F. J. Katz (1917), the of fi cial spell ing of the town was
“Scarboro,” but this was later changed to “Scarborough.”]

Fig ure 10.  Close-up of the phyllite of the Scarboro For ma tion at Hig -
gins Beach show ing the highly sheared phyllite that com prises most of
the for ma tion.

Fig ure 11.  Gla cially-pol ished pave ment out crop at the edge of a gravel
pit on the east side of Scottow Hill, Scarborough.  The ham mer han dle
lies olong the con tact be tween the Spring Point For ma tion (ly ing to -
ward the right) and the Scarboro For ma tion (to the left).  The knife lies
across a graded bed within the Scarboro For ma tion.  The lower part of
the bed con sists of buff-weath er ing metasiltstone (the red han dle of the
knife), that grades up into dark phyllite that typ i fies the prin ci pal li thol -
ogy of the Scarboro For ma tion.  This graded bed, one me ter into the
Scarboro For ma tion, in di cates that the Spring Point For ma tion lies be -
low the Scarboro For ma tion.



Merrimack Group

The Merrimack Group is rep re sented by the Kittery and
Eliot For ma tions.  These rocks, in the Prouts Neck quad ran gle,
were pre vi ously in cluded with the Cape Eliz a beth For ma tion of
the Casco Bay Group (Katz, 1917; Hussey, 1971), but on the ba -
sis of the com po si tion of these rocks (cal car e ous, and not pelitic)
they are now cor re lated with the Merrimack Group (Hussey and

oth ers, 1999).  They are in ter preted to be in fault con tact with
Casco Bay rocks.

Kittery For ma tion.  Rocks cor re lated with the Kittery For -
ma tion crop out on Bluff and Stratton Is lands, south east of the in -
ferred ex ten sion of the Broad Cove fault.  These rocks are thin to
me dium-bed ded feldspathic and cal car e ous quartzose phyllite
with interbeds of darker chlorite-white mica phyllite.  These
rocks are ex ten sively sheared.

Eliot For ma tion.  The Eliot For ma tion con sists of thin
bed ded cal car e ous and ankeritic buff-weath er ing chlorite-mus -
co vite-quartz-plagioclase phyllite and dark gray chlorite-mus -
co vite phyllite.  Chlorite is gray, im part ing the gray color to the
rock.  The Eliot For ma tion is cor re lated with the Macworth For -
ma tion in the Port land area just north of the Prouts Neck quad -
ran gle.

The strati graphic po si tion of the Eliot and Kittery For ma -
tion is uncertain.  As orig i nally in ter preted by Bill ings (1956) in
south east ern New Hamp shire, the Kittery is be neath the Eliot,
but re in ter pre ta tion by Ly ons and others (1997) re verses the se -
quence.  The cross sec tions on the geo logic map re flect the Ly ons 
in ter pre ta tion.

IN TRU SIVE  IG NE OUS  ROCKS

The only in tru sive ig ne ous rocks are diabase and ba salt
dikes of Me so zoic (prob a bly Ju ras sic age).  These range from 10
cen ti me ters to 5 me ters in thick ness.  They oc cur spar ingly
through out most of the quad ran gle, but along the shore just east
of the Spurwink River they are lo cally nu mer ous enough to con -
sti tute a dike swarm.  Some with mi nor amounts of py rite
weather orangish brown, but most are gray weath er ing.  Chilled
mar gins against the coun try rock and older dikes are usu ally well 
de vel oped, but no con tact al ter ation of the in truded rocks has
been ob served.  Figure14 shows a 1-me ter wide ba salt dike cut -
ting the Cape Eliz a beth For ma tion along the Cape Eliz a beth
shore just east of the mouth of the Spurwink River.

STRUC TURE

The rocks of the Prouts Neck quad ran gle have been comp -
lexly de formed by two ma jor fold ing events and by sev eral
stages of fault ing.  Out crops, un for tu nately, are too sparse in
most ar eas to de lin eate crit i cal as pects of fold hinges and limbs
that would al low an ob jec tive, un bi ased de ter mi na tion of which
folds are large-scale re folded re cum bent folds, and which are
late up right folds.  Sim i larly, lack of out crops at crit i cal ar eas
pre cludes a res o lu tion of rel a tive age re la tions of the ma jor faults 
mapped in the quad ran gle.  New in for ma tion on the dis tri bu tion
of the var i ous rock types, as it be comes avail able from ex ca va -
tions or drill ing, may re quire sig nif i cant re vi sion to the map pat -
tern, and hence the na ture of de for ma tion.
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Fig ure 12. The Spurwink Metalimestone along High way 77,
Scarborough, just north west of Hig gins Beach.  This photo shows the
thin, solutionally etched lay er ing that typ i fies ex po sures of this for ma -
tion.

Fig ure 13.  Ex po sure of the dark gray but not par tic u larly rusty-weath -
er ing phyllite of the Jewell For ma tion at the mouth of the Scarborough
River.



Fold ing

The ear li est folds are meso-scale re cum bent folds that are
seen in both the Cush ing For ma tion on Prouts Neck (Fig ure 15),
and the Cape Eliz a beth For ma tion at Ram Is land Farm, Cape
Eliz a beth (Fig ure 16).  At the Ram Is land Farm lo cal ity, the folds
verge to the east and are as so ci ated with a mi nor but con spic u ous
east-verg ing thrust fault (Fig ures 17 and 18).  The beds of the up -
per plate have been strongly over turned as a re sult of thrust-fault
drag.

Later up right fold ing is dem on strated by small-scale par a -
sitic folds seen in out crop (Fig ure 19).  The na ture of most of the
macro-scale folds de lin eated by the map pat tern re mains un cer -
tain; some are un doubt edly up right folds as so ci ated with the up -
right par a sitic folds, but some may rep re sent re folded re cum bent 
fold hinges.

Field re la tions in the Prouts Neck quad ran gle do not con -
strain the age of fold ing.  Hussey (1988) has sug gested that both
stages of fold ing are re lated to the Aca dian orog eny of Early to
Mid dle De vo nian age and are due to con ver gence and col li sion
of the Avalonian Com pos ite Terrane by means of subduction. 
Swanson (1999) ar gues for a transpressional or i gin of at least the
later ep i sode of up right fold ing.  He ar gues that this is re lated to
right-lat eral move ment at a con strain ing bend dur ing the de vel -
op ment of the Norumbega fault zone.  This would in di cate a late
De vo nian to Perm ian age for at least the later up right fold ing. 
40Ar/39Ar clo sure ages of hornblende (see sec tion on meta mor -
phism be low) of Casco Bay Group rocks to the north east sug gest
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Fig ure 14.  Ba salt dike, 1 me ter wide, ex posed along the shore of Ram
Is land Farm, just east of the mouth of the Spurwink River.  The ba salt
shows well de vel oped co lum nar joint ing per pen dic u lar to its walls.

Fig ure 16.  East verg ing mesoscale folds of thin bed ding of the Cape
Eliz a beth For ma tion, Ram Is land Farm, Cape Eliz a beth.

Fig ure 15. Tight, nearly iso cli nal re cum bent folds of bed ding in the
Cush ing For ma tion at Prouts Neck, Scarborough.

Fig ure 17. East-verg ing, gently dip ping thrust fault of the Cape Eliz a -
beth For ma tion at Ram Is land Farm, Cape Eliz a beth, just east of the
mouth of the Spurwink River.



that meta mor phism oc curred dur ing Mid dle De vo nian time, thus 
dur ing the Aca dian orogeny and not later as sug gested by
Swanson (1999).

Faults

Four ma jor faults are mapped or in ferred on the ba sis of re -
gional dis tri bu tion of for ma tions.  They are the South Port land
fault (first rec og nized by Bodine,1965), Cape Eliz a beth fault
zone, Johns Point fault, and Broad Cove fault (Fig ure 20).  The
Broad Cove fault is in ter preted to be a splay of the Norumbega
fault sys tem (Bothner and Hussey, 1999).  It sep a rates the
Merrimack Group on the south from the Casco Bay Group on the 
north, and is in ter preted by Swanson (1999) to have pre dom i -
nantly right-lat eral strike-slip mo tion of Late De vo nian to Perm -
ian age.  The Johns Point fault like wise sep a rates rocks of the
Merrimack Group from the Casco Bay Group, but here the
Merrimack Group lies on the north side.  It is in ter preted to be a
Me so zoic high-an gle fault down thrown to the north west.  The
South Port land fault is here in ferred to be a high-an gle nor mal to
right oblique fault with the south east side up and to the south. 
Swanson, how ever, con sid ered this to be an other splay of the
Norumbega fault sys tem.  The writer’s in ter pre ta tion is that this
is a later fault, of pos si ble Me so zoic age, that off sets the Broad
Cove fault.  The Cape Eliz a beth fault zone is a two-hun dred-me -
ter wide zone char ac ter ized by nu mer ous high-an gle faults
marked by the pres ence of fault gouge and elon gate milky quartz
veins up to 15 me ters wide (Fig ure 21).  Based pri mar ily on ap -
par ent dis place ment of meta mor phic isograds in the north ern ex -
ten sion of this fault in the up per Casco Bay area, the writer
in ter prets this to be a high-an gle fault with a large com po nent of
left-lat eral move ment.
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Fig ure 18.  An other view of the thrust fault, look ing along the fault sur -
face.

Fig ure 19.  Up right, east-verg ing asym met ric folds of quartz veins and
lami na tions in the Spring Point For ma tion.  These folds plunge gently to 
the north east and in di cate a larger-scale antiform lies to the right of the
pic ture.

Fig ure 20.  Ap prox i mate dis tri bu tion
of meta mor phic zones in the Prouts
Neck 7.5’ quad ran gle.



META MOR PHISM

Dis tri bu tion of the zones of re gional meta mor phism are
shown in Fig ure 20.  Rocks of the Merrimack Group have been
meta mor phosed only to lower greenschist fa cies.  Car bon ate-
bear ing rocks have an ker ite, cal cite, and chlorite as crit i cal in di -
ca tors, cor re lat ing with the an ker ite zone of meta mor phism as
de scribed for car bon ate-bear ing rocks of the Cen tral Maine se -
quence in the Waterville area by Ferry (1983).  Pelitic rocks of
the Casco Bay Group have been meta mor phosed from bi o tite to
staurolite zones, and metabasites have been meta mor phosed
from mid dle greenschist to epidote am phi bo lite fa cies.  Bound -
aries be tween meta mor phic zones are mostly the ma jor faults. 
The bi o tite-gar net isograd has been mapped in the sliver of the
Casco Bay Group be tween the Johns Point and South Port land
faults, and the staurolite-gar net isograd is mapped be tween the
Cape Eliz a beth and Broad Cove faults.  The oc cur rence of the
higher grade staurolite zone south west of the gar net zone in the
lat ter fault slice is anom a lous.  In the greater Casco Bay area the
grade of meta mor phism gen er ally in creases to ward the north -
east.  The staurolite grade rocks in the Prouts Neck area sug gest

the pres ence of an other ma jor fault be tween Prouts Neck and the
rocks of the Ram Is land Farm area of Cape Eliz a beth which are at 
gar net grade.  The fault, if it ex ists, may co in cide with the isograd 
bound ary be tween Prouts Neck and Cape Eliz a beth.

The age of meta mor phism of the Casco Bay rocks is in ter -
preted to be Mid dle to Late De vo nian, re lated to the Aca dian
orog eny.  This is based on the 370-380 Ma 40Ar/39Ar cool ing
ages of hornblende (West and oth ers, 1988, 1993; West and Hub -
bard, 1997) from higher grade meta mor phic zones in the up per
Casco Bay area.  The age of meta mor phism of the Merrimack
rocks in the Casco Bay re gion is not well con strained.
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Fig ure 21.  Rock-gar den ex po sure of milky quartz vein along part of the
Cape Eliz a beth fault.  Fore ground, mid dle ground and back ground out -
crops are all milky quartz.
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