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IN TRO DUC TION

The Cape Eliz a beth 7.5' quad ran gle, lo cated east of the
Prouts Neck 7.5' quad ran gle and south of the Port land East 7.5'
quad ran gle (Fig ure 1), is un der lain by rocks of the Casco Bay
(Mid dle to Late Or do vi cian) and Merrimack (Late Or do vi cian to 
Early Si lu rian) Groups.  Ex po sures of bed rock are abun dant
along the bold, of ten cliffed, shore line, but are much less fre -

quent in land.  Sand beaches are rel a tively lim ited, mostly con -
fined to the Cres cent Beach State Park area and a few small coves 
else where along the shore line. Two Lights and Cres cent Beach
State Parks are lo cated in the south east ern cor ner of the town of
Cape Eliz a beth, pro vid ing pub lic ac cess to the shore line within
the bound aries of the parks; but the rest of the shore line is pri -
vate, re quir ing per mis sion from land own ers to visit.

STRAT I FIED  ROCKS

Merrimack Group

The Merrimack Group was orig i nally mapped and named
by F. J. Katz (1917) from his stud ies in south west ern Maine and
south east ern New Hamp shire.  He in cluded in this Group the
Kittery, Eliot, and Ber wick For ma tions. Only the Kittery For ma -
tion is pres ent within the Cape Eliz a beth quadrangle, ex posed
south east of the Broad Cove fault. These rocks were orig i nally
mapped by Katz (1917) as part of the Cape Eliz a beth For ma tion,
and iron i cally he in di cated that the ex po sures at High Head along 
the shore of Two Lights State Park were a ref er ence lo cal ity for
the Cape Eliz a beth For ma tion.  These rocks, how ever, are cal -
car e ous, not pelitic as are ex po sures of the Cape Eliz a beth For -
ma tion along the shore be tween the Cape Eliz a beth fault and
Pond Cove.  The cal car e ous com po si tion, along with the pri mary 
sed i men tary struc tures make these rocks cor re late well with the
Kittery For ma tion ex posed fur ther south in Maine (Hussey,
1962).

Kittery For ma tion.  Rocks on Rich mond Is land and on the
main land south east of the Broad Cove fault are vari ably bed ded
cal car e ous metawackes and phyllites, the for mer pre dom i nat ing.  
The metawacke beds vary from a few cen ti me ters to a me ter or so 
in thick ness.  They pre serve pri mary struc tures, mostly graded
bed ding, but oc ca sion ally also cross-bed ding and small-scale
chan nel cuts, in di cat ing de po si tion from tur bid ity cur rents.  The
metawackes are com posed of quartz, plagioclase, cal cite, an ker -
ite, and mi nor white mica and chlorite.  These rocks are blu ish
gray on fresh sur faces, but are buff-gray on weath ered sur faces
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Fig ure 1.  Lo ca tion of the Cape Elizabeth 7.5-min ute quad ran gle, south -
west ern Maine.



re sult ing from al ter ation of an ker ite (an iron-cal cium car bon ate)
to li mo nite.  Rare thin cal cite-rich lay ers weather dark brown and 
are quite fri a ble, mak ing sam pling dif fi cult. In some of the
thicker metawacke beds, pri mary gran ule or coarse sand-sized
grains of quartz, plagioclase and dark un iden ti fied ma te rial (pos -
si bly dark rock frag ments) are pres ent.  The thin phyllite beds are 
dark gray, and are com posed pre dom i nantly of a white mica and
gray chlorite with mi nor fine-grained quartz.  Meta mor phic
grade of these ex po sures is very low (an ker ite zone of cal car e ous 
parageneses).  In con trast, rocks north west of the Broad Cove
fault are at gar net grade, as rep re sented by gar net-bear ing rocks
of the Cape Eliz a beth For ma tion and actinolite-bear ing rocks of
the Spring Point Formation.

Casco Bay Group

The Casco Bay Group was orig i nally mapped and named
by F. J. Katz (1917).  The for ma tions that he as signed to the
Group are, from old est to youn gest, the Cape Eliz a beth, Spring
Point, Di a mond Is land, Scarboro, Spurwink, Jewell, and
Mackworth For ma tions.  Katz’s 1917 map did not show these
for ma tions, but de scrip tions were clear enough to al low sub se -
quent in ves ti ga tors (Marc Bodine and my self) to de lin eate them
through de tailed map ping of 15' and 7.5' quad ran gles of the area
(Bodine, 1965; Hussey, 1985, 1988).  The Cush ing For ma tion is
now in cluded at the base of the Casco Bay Group, be low the
Cape Eliz a beth For ma tion (Hussey, 1971a,b). The Mackworth
For ma tion, which is not ex posed in the Cape Eliz a beth quad ran -
gle, is now cor re lated with the Eliot For ma tion of the Merrimack
Group, and is no lon ger con sid ered part of the Casco Bay Group.

Cush ing For ma tion.  The Cush ing For ma tion con sists
pre dom i nantly of fine-grained to me dium-grained light gray
plagioclase-quartz-bi o tite-mus co vite ± K-feld spar granofels
and gneiss.  Compositional lay er ing is weakly de vel oped to ab -
sent, but a strong subhorizontal lineation rep re sented by min eral
streaks is ubiquitous.  Katz (1917) in ter preted these rocks as a
de formed intrusion of granodiorite com po si tion.  Bodine (1965,
and per sonal com mu ni ca tions) and Hussey (1971a,b, 1988)
have de scribed rel ict lay er ing and pyroclastic struc tures that
sug gest these rocks more likely orig i nated as fragmental vol ca -
nic rocks of in ter me di ate to fel sic com po si tion, prob a bly de pos -
ited in an oce anic en vi ron ment.  The Cush ing For ma tion crops
out ex ten sively along the shore in the north west ern part of the
quad ran gle (Figure 2), and in a small anticline west of Great
Pond.

Wil son Cove Mem ber.  The Wil son Cove Mem ber of the
Cush ing For ma tion is a rusty-weath er ing dark gray gar -
net-quartz-plagioclase-grunerite granofels and schist.  In the
Cape Eliz a beth quad ran gle, it crops out be tween the Cush ing
and Cape Eliz a beth For ma tions only in the anticline west of
Great Pond; it is ab sent be tween these for ma tions in the north -
west ern cor ner of the map sheet.  The Wil son Cove is con sid ered
part of the Cush ing For ma tion rather than a mem ber of the over -
ly ing Cape Eliz a beth For ma tion on the ba sis of interfingering of
Cush ing and Wil son Cove lithologies on Harpswell Neck in the

north ern part of Casco Bay (Hussey, 1971b).  The rocks of the
Wil son Cove Mem ber may rep re sent meta mor phosed iron- and
man ga nese-rich ar gil la ceous sed i ments. West and oth ers (2008)
in ter preted the protoliths to be “mix tures of hy dro ther mal
exhalatives and terrigenous clastic sed i ments de pos ited in a ma -
rine back-arc ba sin . . .” 

The Cush ing For ma tion and Wil son Cove Mem ber have
been meta mor phosed to gar net grade based on pres ence of gar -
net and ab sence of higher grade index min er als in pelitic rocks of 
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 me dium gray thin-bed ded to me dium-bed ded
quartz-plagioclase-bi o tite ± mus co vite granofels with interbeds
of bi o tite-mus co vite-quartz-plagioclase-gar net schist.  Near the
con tact with the un der ly ing Cush ing For ma tion in the Maiden
Cove area are thin to me dium beds of light gray, mica-poor
granofels, and a few lay ers of am phi bo lite 0.5-1 me ter in
thickness.  The Cape Eliz a beth For ma tion has been meta mor -
phosed to gar net grade.

Spring Point For ma tion.  The Spring Point For ma tion
con sists pre dom i nantly of me dium green ish gray actinolite-
chlorite-bi o tite-plagioclase schist and mas sive am phi bo lite, rep -
re sent ing mafic vol ca nic rocks prior to meta mor phism.
Compositional lay er ing (bed ding?) is rare, but is pres ent in a
small ex po sure in Broad Cove (Fig ure 3).  In ter me di ate to fel sic
meta vol can ic rocks, such as have been ob served in the Prouts
Neck 7.5' quad ran gle (Hussey, 2003b), are not pres ent in out -
crops of the Spring Point For ma tion in the Cape Eliz a beth quad -
ran gle.

Di a mond Is land For ma tion.  The Di a mond Is land For ma -
tion con tains strongly sheared black, quartz-mus co vite-graph ite
phyllonite lo cally with cubes and ir reg u lar masses of py rite that
give the weathered sur face a strong rusty stain.  Out crops of the
for ma tion are scarce, and the map ping of this unit within the
quad ran gle is mostly based on in ferred po si tion be tween the
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Fig ure 2.  Meta mor phosed in ter me di ate and fel sic pyroclastic volcanics 
of the Cush ing For ma tion ex posed near the core of the Cush ing anti-
cline.  Port land Head Light house in the back ground.



Scarboro and Spring Point For ma tions, and pro jec tion from out -
crops in the ad ja cent Prouts Neck quadrangle (Hussey, 2003b).

Scarboro For ma tion.  The Scarboro1 For ma tion con sists
of very fine-grained, rusty (Fig ure 4) and non-rusty weath er ing
mus co vite-bi o tite-chlorite-gar net-quartz phyllite.  Beds of
quartz-mus co vite phyllite are spar ingly pres ent, but oth er wise
the for ma tion is non-bed ded. Schistosity is strongly crenulated.
Chlorite is gray in color, in con trast to the green ish color in the
Spring Point For ma tion.  Two len tic u lar belts of metalimestone
are pres ent within the out crop belt of the Scarboro For ma tion,
one near the junc tion of Route 77 and Two Lights Road, and the
other at ledges on the south west side of Cres cent Beach.  These
lenses are prob a bly equiv a lent to the thin ex po sure of
metalimestone (Hussey, 1987, 2003b) along the shore at South -
ern Maine Com mu nity Col lege (for merly known as SMVTI and
later, SMTC) in South Port land.  Their li thol ogy is sim i lar to that
of the Spurwink Metalimestone de scribed be low.

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.  This is thinly
interlayered with beds of rusty and non-rusty weath er ing mus co -
vite-bi o tite-quartz phyllite. Ex po sures of this for ma tion (Fig ure
5) show solutional etch ing.  The formation is well ex posed along
Route 77 and along the shore be tween Trundy Point and Whale
Back rock.

Jewell For ma tion.  The Jewell For ma tion 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.  The only ex po sure of the Jewell For ma tion
in this quad ran gle is in the core of the Peabbles Point syncline.

IN TRU SIVE  IG NE OUS  ROCKS

Rhy o lite in the Spring Point out crop belt. There is an un -
usual oc cur rence of rhy o lite, un like any metafelsic por tions of
the Spring Point seen else where, along the shore at Broad Cove.
This oc cur rence is a buff-weath er ing por phy ritic rhy o lite with
quartz pheno crysts in a fine-grained ma trix of quartz,
plagioclase and orthoclase with ac ces sory car bon ate and flu o -
rite. This rock crops out in a dis tinct south west-plung ing
anticline (Fig ure 6).  The mar gins of the rhy o lite are thinly and
prom i nently banded, but the rhy o lite in the core of the fold is
only very weakly banded.  The pres ence of flu o rite as an ac ces -
sory min eral sug gests that the rock is not meta mor phosed and
there fore is not a part of the sur round ing mafic vol ca nic pile of
the Spring Point For ma tion.
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1 This is the spell ing of the town (now known as Scarborough) at the time F.J. Katz (1917)
com pleted his map ping and the nam ing of the for ma tion.

Fig ure 5.  Road cut ex po sure of the Spurwink Metalimestone along
Maine Route 77, ap prox i mately 500 me ters south east of Figure 4. Note
so lu tion etch ing and the dis mem bered quartz veins.

Fig ure 4.  Rusty phyllite of the Scarboro For ma tion ex posed in road cut
along Maine Route 77, 1 km north east of Great Pond, Cape Eliz a beth. 
The prom i nent spaced cleav age dip ping mod er ately to the left (west) is
prob a bly re lated to a thrust fault that is well ex posed in the Prouts Neck
7.5' quad ran gle to the west along the shore in the Ram Is land Farm area
(Hussey, 2003b).

Fig ure 3.  Thinly banded, meta mor phosed, in ter me di ate to fel sic vol-
canics of the Spring Point For ma tion at Broad Cove, Cape Eliz a beth. 
Such band ing is un usual in the Spring Point For ma tion, and prob a bly
rep re sents waterlaid tuff.



The sig nif i cance of this rhy o lite in in ter pret ing the tim ing
of F1and F2 rel a tive to meta mor phism is dis cussed be low.

Dikes.  Other than the rhy o lite por phyry within the Spring
Point For ma tion de scribed above, the only in tru sive rocks in the
quad ran gle are diabase and ba saltic dikes, rang ing from 5 cm to 7 
m in thick ness.  These dikes are seen in shore line ex po sures of
most of the Casco Bay and Merrimack Group rocks. They are
unmetamorphosed and undeformed.

STRUC TURAL  GEOLOGY

Faults

Three ma jor faults are pres ent in the Cape Eliz a beth map
area.  At the very north west ern tip of the quad ran gle, the South
Port land fault sep a rates the Scarboro and Cush ing For ma tions.  
This fault was first rec og nized by Marc Bodine (un pub lished
map ping in the Port land area).  Lit tle is known of the ge om e try
and move ment di rec tion of the fault due to lack of out crops of the 
fault zone through out Casco Bay.  On the ba sis of re gional map -
ping it off sets meta mor phic isograds (Hussey, 2003a, b, c), and is 
prob a bly a late high-an gle nor mal fault of Me so zoic age, but this
is very spec u la tive. The Cape Eliz a beth fault in the cen tral part
of the land area is also a late fault of prob a ble Me so zoic age. 
From re gional map ping it is known to be lo cally si lici fied with
drusy quartz crys tals, and off sets formational con tacts and meta -
mor phic isograds in a left-lat eral sense (Hussey, 1971a).  Si lici -
fied zones are not ex posed in the Cape Eliz a beth quadrangle, but
are seen along the trace of the fault in the Prouts Neck
quadrangle to the west where white bull quartz at tains a width of
out crop in ex cess of 15 me ters (Hussey, 2002b).  The third fault,
the Broad Cove fault, is traced be tween Broad Cove and Cres -
cent Beach, with out ex po sure of the fault zone proper.  Swanson
(1999) in ter preted this as one of the ma jor seg ments of the
Norumbega fault zone, with ma jor right-lat eral sense of move -
ment.  It sep a rates units of the Casco Bay Group from the Kittery
For ma tion ex posed in the south east ern tip of Cape Eliz a beth.

Fold s

The rocks of the Cape Eliz a beth quad ran gle have been de -
formed by two ma jor fold ing events, an ear lier re cum bent fold -
ing (F1) and a later up right fold ing (F2).  Ev i dence for the early
re cum bent fold ing is seen more clearly in the Ram Is land Farm
area of the Prouts Neck quad ran gle (Hussey, 2003b) which ad -
joins the Cape Eliz a beth quad ran gle to the west, but is clearly de -
vel oped at Chim ney Rock 1.1 km south of Port land Head
Light house. Here, the Cushing For ma tion struc tur ally over lies
the Cape Elizabeth For ma tion, but well-de vel oped graded bed -
ding at the con tact in di cates that the Cape Eliz a beth For ma tion
stratigraphically over lies the Cush ing For ma tion (Fig ure 7).
Steep dips of bed ding and fo li a tion are the re sult of the later up -
right fold ing. Ap prox i mately 700 me ters south on the shore of
Pond Cove, the Cush ing – Cape Eliz a beth con tact is tightly
folded by the later up right folds (Fig ure 8).
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Fig ure 8.  Tight up right F2 anticline fold ing the con tact be tween the
Cush ing For ma tion (light rocks in the cen ter) and the Cape Eliz a beth
For ma tion (darker rocks on the right side of the hinge, also ex posed on
the left side be hind where the photo was taken).  View look ing south -
west.  Pond Cove, Cape Eliz a beth.

Fig ure 6.  Folded rhy o lite sill ex posed in the core of the Broad Cove
anticline within in ter me di ate meta vol can ics of the Spring Point For ma -
tion. Be cause this felsite ap pears to be unmetamorphosed in con trast to
actinolite-bear ing mafic to in ter me di ate Spring Point volcanics, it
probably is not part of the Spring Point For ma tion.  It is per haps a sill in -
truded af ter F1 fold ing, but be fore the F2 fold event.  View to ward the
southwest.

Fig ure 7.  Sketch show ing sche mat i cally the two stages of fold ing (re -
cum bent F1 re folded by up right F2) at Chim ney Rock, Cape Eliz a beth,
ap prox i mately 0.6 km north of Pond Cove. Ar row shows top ping sense
of a graded bed within the Cape Eliz a beth For ma tion plac ing it
stratigraphically above the Cush ing For ma tion. Oc: Cush ing For ma -
tion; Oce: Cape Eliz a beth For ma tion.  Ver ti cal cross-sec tion, viewed
look ing north.



Ma jor folds are in di cated by the dis tri bu tion of for ma tions
within the Casco Bay Group but the dis tinc tion be tween ma jor
re cum bent F1 and up right F2 folds based on the map pat terns is
un cer tain. The dips of bed ding and fo li a tion within the bound -
aries of a given for ma tion are of lit tle help in de fin ing ma jor
folds be cause of fre quent re ver sals, pos si bly due to the in ter fer -
ence of mi nor, par a sitic, F1 and F2 folds. For this rea son, in the
fol low ing dis cus sion, the ma jor folds are not cat e go rized as F1 or
F2. They are re ferred to sim ply as ma jor anticlines and syn clines.  
One ex cep tion to this is the Broad Cove anticline which is clearly 
up right based on the fold ge om e try of the unmetamorphosed
rhy o lite within the Spring Point For ma tion.  This is clearly an F2

fold.
The Cush ing For ma tion in the north west cor ner of the map

is ex posed in the core of the Cush ing anticline. To the south, the
Cape Eliz a beth, Spring Point, Di a mond Is land and Scarboro
For ma tions are ex posed in a se ries of in ter me di ate-scale syn -
clines and anticlines that com prise the Spurwink River syncline.
The map pat tern, strati graphic fac ing, and plunges of mi nor
folds and lineations to gether in di cate that this se ries of folds
plunges south west.  A mi nor anticline just west of Great Pond in
Cape Eliz a beth ex poses the Cush ing For ma tion with its rusty
Wil son Cove Mem ber. This anticline is trun cated on its north -
east ern end by the Cape Eliz a beth fault.  Just south east of the
Cape Eliz a beth fault the Scarboro, Spurwink, and Jewell For ma -
tions are ex posed in the Peabbles Point syncline, a com plex
north east-plung ing struc ture.  On the north west side of the
Broad Cove fault, the Spring Point For ma tion crops out in a
south west-plung ing anticline here re ferred to as the Broad Cove
anticline.  On the shore of Broad Cove, the core of this anticline
is oc cu pied by the well-ex posed rhy o lite de scribed above (Fig -
ure 6).  This anticline is trun cated on the south east by the Broad
Cove fault.  At the southwest edge of the map just north of Rich -

mond Is land the plunge of the Broad Cove anticline ap par ently
re verses to the north east.

South east of the Broad Cove fault, the Kittery For ma tion
ex hib its both iso cli nal east-verg ing re cum bent folds and gen tle
up right folds that de form both bed ding and early cleav age as so -
ci ated with the re cum bent folds (Fig ure 9).

Early re cum bent fold ing and later up right fold ing are in ter -
preted to be compressional events of the Early to Mid dle De vo -
nian Aca dian orogeny (Hussey and Berry, 2002).  Swanson
(1999) in ter prets the up right folds to be a con se quence of dextral
transpression re lated to a re strain ing bend in the greater Casco
Bay area.  He sug gests that this fold ing may have be gun as early
as the Early De vo nian, but may have per sisted into the late Pa -
leo zoic (Swanson, 1999, p. 85).

The folded rhy o lite dike in the core of the Broad Cove
anticline de scribed above may be a key to un der stand ing the tim -
ing of meta mor phism and the two stages of de for ma tion.  The
pres ence of in ter sti tial allotriomorphic flu o rite in small amounts
in the ma trix sug gests that the rock has not been meta mor phosed. 
It has no fab ric re lated to de for ma tion, but is lam i nated (flow
lam i na tion?) par al lel to the con tacts with the host Spring Point
in ter me di ate volcanics which pre serve well de vel oped
schistosity. The lami na tions die out within 0.5 me ter of the con -
tact, and in the core of the fold the rock is mas sive.  These re la -
tion ships sug gests that the meta mor phism of the Spring Point
rocks is syn chro nous with F1 fold ing, and that the F2 event es sen -
tially was a non-meta mor phic event.  The F2 fold ing of the rhy o -
lite within the Spring Point vol ca nic pile sug gests it is an
in tru sive rock in jected slightly be fore or syntectonically with F2

up right fold ing and af ter F1 re cum bent fold ing and meta mor -
phism.  An iso to pic age of the felsite would be em i nently use ful
in un der stand ing the tim ing of these struc tural and meta mor phic
events.
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Fig ure 9.  Ex po sure of the Kittery For ma tion at Two Lights State Park, Cape Eliz a beth show ing a re cum bent fold open ing to the east
and pos si bly top ping to the east.  Open up right F2 folds gently de form the ax ial plane of the re cum bent fold.  Photo at right high lights a
folded bed ding sur face and the F1 ax ial trace of the fold.
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