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IN TRO DUC TION

The Port land East 7.5’ quad ran gle is lo cated at the south -
west ern end of Casco Bay (Fig ure 1), and in cludes parts of the
City of Port land and many of the larger is lands within Casco
Bay.  This is es sen tially the south west end of the highly in dented
Maine coast.  Bed rock is well ex posed along most of the shore -
lines, es pe cially those fac ing to ward the south east, into the di rec -
tion of pre vail ing winds and surf.  Bed rock sur faces along the
shore and some in land areas pre serve gla cial striations in di cat -
ing a south-south east ward di rec tion of ice move ment.  Sed i -
ments pre served above these bed rock sur faces in clude ma rine
clay (lo cally fossiliferous) of the Presumpscot For ma tion and a
va ri ety of gla cial grav els and sands (Bernotavicz, 1999).

Bed rock in the quad ran gle is as signed to four ma jor
tectono-strati graphic se quences:  the Casco Bay Group and Fal -
mouth-Bruns wick se quence of prob a ble Mid dle Or do vi cian age, 
and the Cen tral Maine se quence and Merrimack Group of Late
Or do vi cian to Early Si lu rian age.  The rocks were highly folded
dur ing com pres sive phases of the Aca dian orog eny in De vo nian
time.  They were recrystallized in a low-pres sure, high-tem per a -
ture (Buchan-fa cies) meta mor phism at the end of the Aca dian
de for ma tion; grades of meta mor phism range from greenschist to 
am phi bo lite fa cies.  Peg ma tite dikes and sills are abun dant in
rocks of the Fal mouth-Bruns wick and Cen tral Maine se quences
in the high-grade zones where the rocks are ex ten sively
migmatized.  Rocks of the Casco Bay Group have also been in -
truded by dikes of in ter me di ate to fel sic com po si tion which have 
been meta mor phosed but not sig nif i cantly de formed.  Episodes
of strike-slip and dip-slip fault ing oc curred from De vo nian
through Me so zoic time.  All se quences are in truded by nu mer -
ous undeformed dikes and sills of ba salt and diabase of prob a ble
Ju ras sic age.
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Fig ure 1.  Lo ca tion of the Port land East 7.5-min ute quad ran gle, south -
west ern Maine.



IN TRU SIVE  ROCKS

Mafic Intrusions

Numerous dikes and sills of ba saltic com po si tion, rang ing
from a few cen ti me ters to 35 me ters in thick ness, in trude all
tectonostratigraphic se quences.  Thin ner dikes and sills have ba -
saltic tex tures, whereas thicker ones have diabasic tex ture and
are pre dom i nantly non-por phy ritic; por phy ritic and non-
prophyritic va ri et ies are pres ent.  All mafic dikes and sills post -
date compressional de for ma tion and strike-slip fault ing, and
none show clear ev i dence of fault ing by late high-an gle nor mal
fault ing.

Peg ma tite

Peg ma tite dikes and sills, with one ex cep tion, are re stricted 
to high-grade migmatized rocks of the Fal mouth-Bruns wick and 
Cen tral Maine se quences in the north west ern part of the Port land 
East 7.5’ quad ran gle.  The one ex cep tion is an ex po sure of
sheared peg ma tite of un known di men sion within the Spring
Point For ma tion on Lit tle Di a mond Is land.  All of the pegmatites
are of sim i lar min er al ogy, con sist ing of perthitic microcline, al -
bite, mus co vite, and bi o tite with mi nor gar net and black tour ma -
line.  Sills rang ing from a few cen ti me ters to more than 15 me ters 
in thick ness gen er ally show weak to mod er ate fo li a tion and
some are de formed in shal lowly plung ing strongly over turned
folds of gneissic fo li a tion of the host rocks.  Peg ma tite dikes
rang ing from 0.5 to 10 me ters in thick ness show no fo li a tion and
cross-cut migmatite fo li a tion and fo li ated peg ma tite sills at high
an gles.  Fo li ated sills and non-fo li ated dikes are well ex posed in
the roadcuts along In ter state Route 295 be tween Fal mouth and
Port land.  Fig ure 2 por trays stereographically the rel a tively con -
sis tent struc tural ori en ta tion of dis cor dant dikes in the out crop
belt of the Hutchins Cor ner and Rich mond Cor ner For ma tions in
the north west cor ner of the map.  Strikes are north-north east and
dips range from ver ti cal to 70 de grees south west.

TECTONOSTRATIGRAPHIC  SE QUENCES

Cen tral Maine Se quence

The Cen tral Maine se quence crops out in the north west ern
cor ner of the Port land East quad ran gle.  It is di vided into the
Hutchins Cor ner, Rich mond Cor ner, and Torrey Hill For ma tions
on the ba sis of dif fer ences in min er al ogy.  These rocks are ex ten -
sively migmatized and in jected by peg ma tite and gran ite lenses
and dikes.  Con cor dant peg ma tite and ir reg u larly tex tured bi o -
tite-mus co vite gran ite lenses are mod er ately fo li ated and folded.  
These are cut by slightly later dis cor dant peg ma tite dikes.

Hutchins Cor ner For ma tion (SOhc).  The Hutchins Cor -
ner For ma tion con sists of me dium brown ish gray salt-and pep -
per-tex tured quartz-plagioclase-bi o tite gneiss and granofels. 
Interbedded with rocks of this dom i nant li thol ogy are thin

compositional bands of me dium green ish gray quartz-
plagioclase-hornblende-di op side gneiss and granofels rep re -
sent ing sheared calc-sil i cate interbeds.  Con form able,
even-walled slightly fo li ated peg ma tite lenses in trude the
Hutchins Cor ner For ma tion lo cally form ing a lit-par-lit in jec tion 
gneiss as seen in roadcuts on the east ern end of the Fal mouth
Con nec tor be tween U. S. Route 1 and the Maine Turn pike.

Rich mond Cor ner For ma tion (SOrc).  The Rich mond
Cor ner For ma tion within the Port land East quad ran gle oc cu pies
a 0.4 km-wide belt within the Hutchins Cor ner For ma tion.  The
Rich mond Cor ner For ma tion is a me dium brown ish gray
quartz-plagioclase-bi o tite-gar net-sillimanite gneiss.  It is dis tin -
guished from the Hutchins Cor ner For ma tion by the ab sence of
calc-sil i cate beds, the pres ence of mi nor amounts of sillimanite
and xenoblastic ir reg u lar red gar net masses, and its slightly more 
fo li ated, lo cally schis tose, fab ric.  The Rich mond Cor ner For ma -
tion is more ex ten sively migmatized than the Hutchins Cor ner
For ma tion, and the peg ma tite leucosomes are more abun dant
and ir reg u lar than those in the Hutchins Cor ner For ma tion. 
Good ex po sures of the Rich mond Cor ner For ma tion are to be
seen along and just west of U. S. Route 1 north of the I-95 exit to
Route 1.  To the north, in the Bruns wick-Topsham area, the Rich -
mond Cor ner For ma tion oc cu pies a strati graphic po si tion be -
tween the Hutchins Cor ner and Torrey Hill For ma tions (Hussey
and Berry, 2002; Hussey and Marvinney, 2002).  The fact that the 
Rich mond Cor ner belt crops out within the Hutchins Cor ner For -
ma tion in the Port land East quad ran gle is prob a bly an in di ca tion, 
that lo cally, the two for ma tions interfinger.
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Fig ure 2.  Stereogram of poles to dis cor dant pegmatite dikes in the out -
crop belt of the Fal mouth-Bruns wick se quence.  All ste reo grams in this
re port are lower hemi sphere, equal area pro jec tions.

N
Peg ma tite dikes



Torrey Hill For ma tion (SOth).  The Torrey Hill For ma tion 
is poorly ex posed in the Port land East quad ran gle.  It con sists of
migmatized, very rusty-weath er ing quartz-mus co vite-graph -
ite-bi o tite schist and gneiss, rusty-weath er ing quartz-
plagioclase gneiss with sparse mus co vite, and rusty-weath er ing
quartz-plagioclase-bi o tite-sillimanite schis tose gneiss.  Graph -
ite and gar net, seen in ex po sures north of the map area, were not
ob served in the Port land East out crops.  The Torrey Hill For ma -
tion oc cu pies a 0.25 km-wide belt be tween the Hutchins Cor ner
and Nehumkeag Pond For ma tions.

Merrimack Group

To the south of the map sheet in the Kittery area, the
Merrimack Group con sists of the Kittery, Eliot, and Ber wick
For ma tions (Katz, 1917, Hussey, 1962).  Within the Port land
East quad ran gle the group is rep re sented only by the Eliot For -
ma tion.

Eliot For ma tion (SOe).  Rocks here as signed to the Eliot
For ma tion were orig i nally mapped as the Mackworth For ma tion
by Katz (1917), who in cluded it with the Casco Bay Group, in -
ter pret ing it to be the up per most for ma tion of that group.  The
writer rec og nized the strong lithic sim i lar ity of the Mackworth
Is land ex po sures with ex po sures of the Eliot For ma tion to the
southwest (Hussey, in press, b).  The Eliot For ma tion is con fined
to a 3 km-wide belt bounded by the Fly ing Point fault on the west
and the Johns Point fault on the east.

The Eliot For ma tion con sists pre dom i nantly of me dium
brown ish gray very fine-grained cal car e ous phyllites and
quartz-plagioclase-cal cite phyllites with chlorite, bi o tite, or
epidote + hornblende de pend ing on grade of meta mor phism. 
Fine laminae are com mon and may be ef fects of duc tile fault ing
as so ci ated with the Norumbega fault zone (see be low).  Lo cally,
the quartzo-feldspathic rock oc curs as beds 2 to 10 cm thick al -
ter nat ing with the chlorite and mica-rich phyllites sug ges tive of
rel ict pri mary sed i men tary struc tures.  These al ter na tions are
par tic u larly well ex posed in the gently-dip ping ex po sures on
Mackworth Is land.  Spo rad i cally pres ent within the for ma tion
are (1) thin lay ers (2-10 cm thick) of light-gray chalky weath er -
ing phyllite of pos si ble vol ca nic or i gin, and (2) thin beds of
phyllite (1-3 cm) with elon gate 1x2 mm gran ules of chalky
weath er ing ma te rial of un cer tain af fin ity.  Some of these have the 
ap pear ance of vol ca nic lapilli.  On the south east ern third of
Mackworth Is land, the rock types de scribed above are
interbedded with 2 to 10 me ter-thick in ter vals of very rusty
weath er ing phyllite.  This vari ant is mapped as a sep a rate mem -
ber of the Eliot For ma tion (SOer) and may cor re late with the
Calef Mem ber of the Eliot For ma tion mapped by Freed man
(1950) in south east ern New Hamp shire.

Fal mouth-Bruns wick Se quence

Within the Port land East quad ran gle the Fal mouth-Bruns -
wick se quence is rep re sented by the Nehumkeag Pond For ma -

tion.  Within the Nehumkeag Pond For ma tion are sev eral in ter -
vals of am phi bo lite that may rep re sent fin gers of the Mount Ara -
rat For ma tion that crops out ex ten sively in the Freeport to
Topsham area to the north (Berry and Hussey, 1998; Hussey and
Marvinney, 2002).

Nehumkeag Pond For ma tion (Onp).  The Nehumkeag
Pond For  ma t ion con s ists  of  me dium l ight  gray
plagioclase-quartz-bi o tite gneiss with mi nor mus co vite and gar -
net.  Spo rad i cally interlayered with this dom i nant rock type are
2-5 m in ter vals of mod er ately rusty-weath er ing gneiss of sim i lar
min er al ogy and dark gray am phi bo lite.  One nar row belt of
rusty-weath er ing pyrrhotitic plagioclase-quartz-bi o tite gneiss is
shown sep a rately on the map (Onpr).  The Nehumkeag Pond
rocks are meta mor phosed to up per am phi bo lite fa cies and are
ex ten sively migmatized and in jected by both older con cor dant
fo li ated sills and youn ger cross-cut ting non-fo li ated dikes of
peg ma tite.

One am phi bo lite ho ri zon (Onpa), in for mally re ferred to by 
Marc Bodine (per sonal com mu ni ca tion, 1963) as the Bart lett
Point am phi bo lite, crops out at Bart lett Point and the west ern
edge of Sturdivant Is land.  The width of its out crop belt, al though 
not pre cisely con strained, is ap prox i mately 200 me ters.  It is
quite vari able in min er al ogy and tex ture.  At Bart lett Point,
hornblende var ies from 50 to 90% of the rock.  This rock, al -
though ex ten sively sheared and microfaulted, lo cally pre serves
a rel ict me dium-grained tex ture that sug gests der i va tion from a
premetamorphic diabase, gab bro, or diorite.  How ever, other
interlayered rocks in clude rusty weath er ing quartz-plagioclase-
bi o tite-mus co vite schist and gneiss and white, chalky weath er -
ing gneiss (pos si bly acid meta vol can ic rocks).  This as so ci a tion
sug gests a vol ca nic par ent age for the am phi bo lite.

Strati graphic Re la tions be tween the Fal mouth-Bruns -
wick and Cen tral Maine Se quences.  Out crops in this quad ran -
gle do not ex pose the con tact be tween any of the for ma tions and
thus give no di rect ev i dence of the strati graphic or struc tural re -
la tions be tween the Fal mouth-Bruns wick and Cen tral Maine se -
quences.  Along strike to the north east, Hussey and Berry (2002)
and Hussey and Marvinney (2002) in ter pret that the Cen tral
Maine se quence un con form ably over lies the Fal mouth-Bruns -
wick se quence but the ev i dence is not strong.  In the Port land
East quad ran gle, how ever, formational con tacts in the Fal -
mouth-Bruns wick and Cen tral Maine se quences have uni form
trends, the  dips of fo li a tion are sim i lar, and grades of meta mor -
phism and migmatization are iden ti cal, sug gest ing the two se -
quences may be con form able.  It is pos si ble that the
Fal mouth-Bruns wick se quence rep re sents the lower parts of the
Cen tral Maine se quence.  Fur ther study in the Yarmouth and
Freeport 7.5’ quad ran gles north and north east of the Port land
East quad ran gle may re solve these pos si bil i ties.

Casco Bay Group

The Casco Bay Group con sists, in as cend ing or der, of the
Cush ing For ma tion, Cape Eliz a beth For ma tion, Spring Point
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For ma tion, Di a mond Is land For ma tion, Scarboro For ma tion,
Spurwink Metalimestone, and Jewell For ma tion.  The
Mackworth For ma tion, orig i nally in cluded by Katz (1917) as the 
up per-most unit of the group, is now in ter preted as noted above,
to be equiv a lent to the Eliot For ma tion of the Merrimack Group.

Cush ing For ma tion (Oc).  The Cush ing For ma tion was
orig i nally mapped by Katz (1917) as a de formed granodiorite in -
tru sive.  Bodine (per sonal com mu ni ca tion, 1961; 1965) from his
map ping in the Casco Bay 15’ quad ran gle, rec og nized fea tures
that clearly in di cate a fragmental vol ca nic or i gin of these rocks. 
This has been sub se quently con firmed by my own map ping in
the area.  In ad di tion, Levy and oth ers (2003) have de scribed ap -
par ent thick bed ding units from ex po sures on the east side of
Long Is land (this quad ran gle) that re in force a volcanogenic or i -
gin.  Mem bers of the Cush ing For ma tion, not pres ent in this
quad ran gle, in clude the Wil son Cove and Merepoint Mem bers
(Hussey and Berry, 2002; Hussey and Marvinney, 2002; and
Berry and Hussey, 1998).

The Cush ing For ma tion typ i cally is a light gray, fine- to
me dium-grained plagioclase-quartz-K-feld spar-bi o tite
granofels with mi nor mus co vite and gar net.  It rep re sents a meta -
mor phosed vol ca nic rock of the com po si tion rang ing from
rhyodacite to dacite.  Fragmental struc tures are pres ent lo cally,
con firm ing the fragmental vol ca nic na ture of the rock.  At
Danford Cove, 50 me ters south east of the Cush ing/Cape Eliz a -
beth con tact (Fig ure 3), ir reg u lar frag ments of light to me dium
gray meta vol can ic rocks are pres ent (Fig ure 4).  These have an -
gu lar bound aries and are ex tremely stretched.  Sim i lar
fragmental ma te rial is pres ent at lo cal i ties on Peaks and Long Is -
lands.  In ad di tion, much of the ma te rial lack ing the an gu lar brec -
cia struc ture has a tex ture re sem bling rel ict crys tal tuff (Fig ure
5).  Slightly larger grains of ei ther twinned plagioclase or quartz,
and in some lo cal i ties both, are set in a finer groundmass of
plagioclase, quartz, bi o tite, and K-feld spar.  In a few lo cal i ties

the larger quartz grains are light blue in color, prob a bly due to the 
pres ence of min ute grains of rutile (Fig ure 6).

On Long Is land, a nar row belt of rock (Ocw), 10 - 25 me -
ters wide, of a very dis tinct and un usual li thol ogy con sists of
white quartz-mus co vite granulose schist (Fig ure 7); feld spar is
rare, and dark min er als are very rare (mostly py rite or
pyrrhotite).  This belt crops out within the Cushing about 25-30
me ters east of out crops of the over ly ing Cape Eliz a beth For ma -
tion.

The protolith of this rock type is un cer tain in view of its set -
ting in a vol ca nic as so ci a tion.  The fact that the gran u lar min er als 
are com prised dom i nantly of quartz sug gests a ma ture sed i men -
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Fig ure 3.  Danford Cove area, South Port land.  The Cape Eliz a beth For -
ma tion (darker gray rocks) forms the cliff in the back ground.  The Cush -
ing For ma tion (lighter, buff-col ored rocks) crops out in the mid dle and
fore ground.  The lo cal ity of the two ra dio met ric ages of the Cush ing is
ap prox i mately 50 me ters be hind the lower edge of the pho to graph.

Fig ure 4.  Stretched pyroclastic blocks of the Cush ing For ma tion at
Danford Cove, South Port land.

Fig ure 5.  Rel ict crys tal tuff tex ture in the Cush ing For ma tion near
Beach Cove on the east shore of Long Is land.



tary en vi ron ment rather than vol ca nic.  An other sim i lar
light-col ored belt (Ocr) is mapped along the south east ern third
of the is land.  The east ern belt crops out only on Long Is land, but
the west ern belt is also pres ent on the west ern side of Peaks Is -
land and on the main land in Cape Eliz a beth.  The east ern belt is
prob a bly not a struc tural rep e ti tion of the west ern belt be cause of 
(1) the lack of any nearby ex po sures of the Cape Eliz a beth For -
ma tion to the south east, and (2) its slightly more feldspathic
com po si tion (Levy and oth ers, 2003).

Two U/Pb ages have been ob tained from zir cons in meta -
mor phosed rhyodacite tuff at Danford Cove, South Port land
(this quad ran gle).  John F. Aleinikoff re ported an age of 471 ± 3
Ma (Hussey and oth ers, 1993; Aleinikoff, per sonal
communicastion, 2002).  Rob ert D. Tucker (per sonal com mu ni -
ca tion, 1995) re ported a closely sim i lar age of 473 ± 3 Ma on
metatuff with blue quartz phenoclasts.  Both of these ages are

from rocks near the top of the for ma tion, about 200 me ters south -
east of the Cush ing/Cape Eliz a beth con tact (Fig ure 3).

Cush ing For ma tion  on House Is land.  Fig ure 8 is a de tailed 
geo logic map of House Is land.  The Cush ing For ma tion is ex -
posed in the core of a com pound south west-plung ing anticline. 
The con tact with the Cape Eliz a beth For ma tion is ex posed on the 
south ern end of the is land near his toric Fort Scammel.  Meta mor -
phosed rhyodacite tuff sim i lar to that ex posed on Peaks Is land
forms an up per unit.  The lower unit is a heterogenous meta vol -
can ic as sem blage, mostly mafic to in ter me di ate in com po si tion. 
In cluded are dark green ish-gray chlorite phyllite, me dium- to
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Fig ure 7.  The white quartz-rich mus co vite granofels mem ber of the
Cush ing For ma tion just south of Great Ledge Cove, Long Is land.

Fig ure 6.  Rel ict crys tal tuff with blue quartz frag ments at Danford
Cove.  This is the rock unit from which the U/Pb zir con age re ported by
Tucker was ob tained.

Fig ure 8.  De tailed geo logic map of House Is land.



coarse-grained me dium green ish gray meta mor phosed in ter me -
di ate gneiss with peb ble-sized vol ca nic clasts of light gray meta -
mor phosed rhyodacite tuff, and thinly interbedded light gray
metafelsite tuff and ma roon to pink gar net-quartz granofels (Fig -
ure 9).  The as sem blage of the lower unit has not been ob served
else where.

Rocks typ i cal of the Cape Eliz a beth For ma tion crop out at
the north ern end of House Is land.  They are me dium-gray quartz- 
plagioclase-mus co vite-chlorite-bi o tite phyllite with thin
interbeds of lighter gray meta mor phosed feldspathic wacke. 
These rocks are sep a rated from the light gray metatuff of the
Cush ing by a tran si tion se quence of dark gray quartz-
plagioclase-bi o tite granofels with thin interbeds of fine-grained
garnetiferous granofels and feldspathic quartz ite.  These are
well-ex posed around the south end of the is land in the vi cin ity of
Fort Scammel.

Cape Eliz a beth For ma tion.  The Cape Eliz a beth For ma -
tion typ i cally con sists of me dium dark gray quartz-plagioclase-
mus co vite-bi o tite-chlorite-gar net phyllite with thin interbeds of
me dium gray feldspathic quartz ite with mi nor bi o tite, gar net,
and chlorite.  An da lu site and staurolite are pres ent in the ex po -
sures on the north ern end of Long Is land and the south ern tip of
Great Chebeague Is land.  Graded bed ding is oc ca sion ally de vel -
oped.

Rocks ex posed on Ram Is land and Ram Is land Ledge just
east of Cush ing Is land are in cluded with the Cape Eliz a beth For -
ma t ion,  a l  though the  pro por  t ion of  metapel ite  to
quartzo-feldspathic granofels beds is con sid er ably lower.  Pelitic 
beds have mus co vite,  bi o t ite , and pink ish gar net . 
Quartzo-feldspathic beds gen er ally are some what more
quartz-rich and harder than the thin quartzose rocks of the Cape
Eliz a beth For ma tion else where.  In ad di tion, the quartzose beds

have rel ict sed i men tary con cre tions with dis tinct chem i cal zon -
ing in which hornblende and grossularite are pres ent.  In many
re spects (more quartzose com pe tent beds and zoned cal car e ous
con cre tions) these rocks re sem ble the Kittery For ma tion ex -
posed in Cape Eliz a beth at Two Lights State Park ex cept that
their meta mor phic grade is considerably higher.

Strati graphic Re la tions be tween the Cush ing For ma tion
and the Cape Eliz a beth For ma tion.  A su pe rior ex po sure of the
con tact be tween the Cush ing For ma tion and the Cape Eliz a beth
For ma tion ex ists on the west shore of Long Is land (Fig ure 10). 
There, the basal 20 me ters of the Cape Eliz a beth For ma tion in -
cludes sev eral dis tinct lenses of meta mor phosed rhyodacite tuff
rang ing in thick ness from 5 to 20 cm and sel dom ex ceed ing a
strike length greater than 20 me ters.  Some of these beds are
graded, with feld spar- and quartz-rich bases grad ing up ward into 
a more micaceous li thol ogy (Fig ure 11).  This clearly in di cates
that (1) the volcanogenic ma te rial of the Cush ing For ma tion was
un con sol i dated at the time of de po si tion of the Cape Eliz a beth
For ma tion, and (2) that the two for ma tions are con form able.  A
ten ta tive in ter pre ta tion of the con di tions of de po si tion is that the
Cape Eliz a beth For ma tion was de pos ited on the flanks of a sub -
ma rine pyroclastic vol ca nic pile (Levy and oth ers, 2003).  Ep i -
sod i cally, lo cal slumps of the un con sol i dated pyroclasts
oc curred, send ing tur bid ity flows of the ma te rial into the ad ja -
cent area where Cape Eliz a beth muds and silts were be ing de pos -
ited.  Slump ing was fa vored where the slope of the vol ca nic pile
was the high est and may have been the re sult of seis mic un rest. 
The limited lat eral ex tent of these volcanogenic lay ers in the
basal Cape Eliz a beth For ma tion ar gues against pe ri ods of re cur -
rent vol ca nism.  A cor ol lary of this in ter pre ta tion is that the Cape
Eliz a beth For ma tion, al though gen er ally on top, lo cally
interfingers lat er ally with the Cush ing For ma tion.  This might
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Fig ure 9.  Coticule beds (gar net-quartz granofels) in light-gray
metarhyodacite tuff of the lower unit of the Cush ing For ma tion ex posed 
on House Is land.  The beds are de formed by gently-plung ing F2 (?) folds 
with ax ial pla nar cleav age.

Fig ure 10.  Con tact of the Cape Eliz a beth For ma tion (darker rocks left
of the white house) with the Cush ing For ma tion (lighter col ored rocks
be neath the house and deck) at Long Cove, Long Is land.  White ar row
marks the lo ca tion of Fig ure 11.  (View to ward the north east.)



ex plain the pres ence of Cape Eliz a beth lithologies within the
Cushing as mapped on Lit tle Whale boat and Whale boat Is lands
off Harpswell Neck (Hussey, 1971), north east of the Port land
East quad ran gle.

On the south west ern end of House Is land, as de scribed
above, the con form able-ap pear ing unit be tween the Cape Eliz a -
beth and Cush ing rocks is ex posed in the nose of prom i nent
anticline near Fort Scammel (Fig ure 8).  The li thol ogy of this
unit is tran si tional to both prin ci pal rock units, con sist ing of thin,
rhyth mi cally-bed ded quartz-plagioclase-bi o tite-gar net schist,
with thin pulled-apart me dium red dish gray gar net-quartz
granofels beds (coticule).  The coticule beds may rep re sent
meta mor phosed muddy chert.  Near the base of the tran si tion
rocks is a 5-15 cm more feldspathic bi o tite-gar net schist, and im -
me di ately on top of the Cush ing rocks is a 2-4 cm bed of
coarse-grained gar net-bi o tite-quartz schist.  The tran si tional
rocks may rep re sent a con form ably de pos ited zone of cur rent-re -
worked vol ca nic de tri tus from the Cush ing mixed with the muds
of the Cape Eliz a beth For ma tion.

Spring Point For ma tion. The Spring Point For ma tion is
me dium green ish gray chlorite-actinolite-plagioclase-bi o tite
schist and granofels.  Compositional lay er ing is rare.  On the
Port land pen in sula at Fish Point the rock is es sen tially mas sive
with no sig nif i cant schistosity and may rep re sent fine-grained
andesitic to ba saltic tuff (Fig ure 12).  At other lo cal i ties coarse
fragmental tex tures are de vel oped.  These can be seen in the ex -
cel lent shore line ex po sures at South ern Maine Tech ni cal Col -
lege (for merly South ern Maine Vo ca tional Tech ni cal In sti tute as
shown on the Port land East map sheet).  Here, the clasts are
highly stretched and flat tened me dium to light green ish gray
meta vol can ics.  On Lit tle and Great Di a mond Is lands an gu lar to

subrounded light gray and green ish-gray pyroclastic frag ments
up to 15 cm max i mum di men sion oc cur abun dantly in a ma trix of 
fine-grained chlorite-actinolite-bi o tite schist (Fig ure 13).  Near
the Casco Bay Lines ferry land ing on the south end of Great Di a -
mond Is land some of the gray pyroclasts have abun dant
megacrysts of blue quartz up to 8 mm in max i mum di men sion. 
These pyroclasts re sem ble parts of the Cush ing For ma tion sug -
gest ing the pos si bil ity that they may have been ripped off from
the Cush ing For ma tion dur ing Spring Point erup tive ac tiv ity.

Di a mond Is land For ma tion.  The Di a mond Is land For ma -
tion is the most dis tinc tive and eas ily iden ti fi able rock unit of the
Casco Bay Group.  It is a dark gray to black quartz-graph -
ite-mus co vite phyllite, al most com pletely de void of
compositional lay er ing.  Py rite, fre quently in well-formed
cubes, is com mon and im parts to the phyllite its con spic u ous yel -
low and or ange weath er ing color (Fig ure 14).  Thin (~0.1 mm)
short quartz part ings along cleav age planes are abun dant.  The
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Fig ure 11.  Five graded beds of feldspathic granofels in the lower part of
the Cape Eliz a beth For ma tion.  These beds are in ter preted to be de rived
from un sta ble sub ma rine slopes by slump ing of un con sol i dated
pyroclastic ma te rial of the Cush ing For ma tion dur ing ini tial stages of
de po si tion of silts and muds of the Cape Eliz a beth For ma tion.  The lo ca -
tion of this pho to graph is shown by the ar row in Fig ure 10.

Fig ure 12.  Evenly tex tured meta mor phosed andesitic to ba saltic tuff of
the Spring Point For ma tion at Fish Point on the north east ern shore of the 
Port land pen in sula.

Fig ure 13.  Spring Point For ma tion with well-pre served pyroclasts of
light col ored metatuff in ma trix of me dium green ish gray meta mor -
phosed an de site to ba salt ash.  South west end of Great Di a mond Is land.



Di a mond Is land For ma tion is dis tin guished from highly car bo -
na ceous lithologies in the Scarboro and Jewell For ma tions by
the dull black, sooty ap pear ance when pow dered.  The for ma tion 
is  named from Great Di a mond and Lit tle Di a mond is lands
(Katz, 1917), but ex po sures there are dif fi cult to get to.  The most 
ac ces si ble ex po sure, and one that is des ig nated the type lo cal ity
for the for ma tion (Hussey, 1985) is along the shore line at South -
ern Maine Tech ni cal Col lege in South Port land.  There its con -
tact with the underlying Spring Point For ma tion is exposed, and
its con tact with the over ly ing Scarboro For ma tion oc curs in an
in ter val of 8 to 10 me ters con cealed by the sand and cob ble
beach.  The con tact be tween the Spring Point and Di a mond Is -
land For ma tions is sharp and ap par ently con form able.  The con -
tact with the Scarboro For ma tion is prob a bly con form able.

Scarboro For ma tion1.  The Scarboro For ma tion crops out
on Lit tle Chebeague, Great Chebeague, Cow, and Great Di a -
mond Is lands, and on the main land at South ern Maine Tech ni cal
Col lege.  Out crop belts in South Port land at the south west ern
cor ner of the quad ran gle are in ferred based on the dis tri bu tion of
out crops of the dif fer ent rock units above and be low it in ar eas on 
strike in the Prouts Neck 7.5’ quad ran gle (Hussey, in press, a). 
The Scarboro For ma tion con sists of rusty and non rusty weath er -
ing metapelites.  The most com mon li thol ogy in the Port land
East quad ran gle is nonrusty to slightly rusty-weath er ing mus co -
vite-bi o tite-quartz phyllite with lo cally abun dant euhedral gar -
nets.  Mi nor as so ci ated rock types in clude (1) light to me dium
green ish gray chlorite-bi o tite-quartz phyllite of in ter me di ate
vol ca nic af fin ity; (2) very rusty-weath er ing dark gray mus co -
vite-bi o tite-gar net-graph ite phyllite, and (3) very rusty-weath er -
ing light gray schist like (2) ex cept no graph ite is pres ent.  A thin
(5 to 20-me ter) ribbony-bed ded me dium-gray metalimestone,
es sen tially iden ti cal to the Spurwink Metalimestone de scribed
be low, is pres ent lo cally near the base of the for ma tion.  Rare

quartz-plagioclase granofels beds oc cur through out the
for ma tion.

Spurwink Metalimestone.  Con form ably above the
Scarboro For ma tion is the Spurwink Metalimestone.  Katz
(1917) pro posed the lithic des ig na tion “lime stone” for this for -
ma tion, but to avoid con fu sion to ge ol o gists not ac quainted with
the fact that these rocks are meta mor phosed, I have re ferred to
the for ma tion as “metalimestone.”  Why not mar ble?  Sim ply, it
does not look like mar ble.  This for ma tion con sists of
fine-grained me dium brown ish gray weath er ing, me dium dark
gray ribbony-tex tured cal cite granofels with mi nor bi o tite (Fig -
ure 15).  It in cludes 1 to 3 cm interbeds of me dium brown ish gray 
quartz-bi o tite-plagioclase phyllite.  Its thick ness does not ex -
ceed 100 me ters.

Jewell For ma tion.  The Jewell For ma tion is very sim i lar to 
the Scarboro For ma tion.  The dom i nant li thol ogy is both rusty-
and non-rusty weath er ing me dium sil very-gray mus co vite-bi o -
tite-gar net-quartz phyllite and schist,  with oc ca sional an da lu -
site, staurolite, and chloritoid.  Staurolite and an da lu site are
par tially ret ro graded to micas and chlorite.  Other lithologies in -
clude (1) non-rusty mostly green ish and pur plish gray mus co -
vite-chlorite-bi o tite-gar net-quartz phyllite and schist, (2)
me dium green ish-gray chlorite-bi o tite-mus co vite-quartz-mag -
ne tite phyllite and schist (pos si bly in ter me di ate meta vol can ic
tuffs), (3) non-rusty and very rusty weath er ing dark gray mus co -
vite-graph ite-quartz-bi o tite phyllite and schist with 1-4 mm-
thick zones rich in pink gar net.

The out crop belt of the Jewell For ma tion in South Port land
is in ferred from out crops in the Prouts Neck 7.5’ quad ran gle to
the south west (Hussey, in press, c).

STRUC TURE

Fig ure 16 shows the dis tri bu tion of faults and ma jor folds
in the Port land East 7.5’ quad ran gle.  This area spans the Casco
Bay shear zone de scribed by Swanson (1999a, 1999b), an ex ten -
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Fig ure 14.  Di a mond Is land For ma tion at South ern Maine Tech ni cal
Col lege in South Port land.

1 The spell ing adopted here for the name of the for ma tion is that which was given by Katz
(1917).  Sub se quently, the town adopted the spell ing “Scarborough.”

Fig ure 15.  Buff-weath er ing interbedded cal cite granofels and
quartz-plagioclase-bi o tite phyllite.  Cow Is land.



sion of the Norumbega fault system to the north east (Ludman
and West, 1999).  Most of this sys tem is char ac ter ized by
right-lat eral strike slip move ment as in di cated mostly by
small-scale ki ne matic in di ca tors, such as ro tated boudins, delta
and sigma tails of porphyroblasts, shear bands, sheath folds, and
oth ers.  This right-lat eral duc tile de for ma tion took place in Late
Pa leo zoic time.

Faults

Most of the ma jor faults de lin eated in the Port land East
quad ran gle are in ter preted to be re lated to brit tle fault ing in Me -
so zoic time (Hussey and Berry, 2002), as so ci ated with the
breakup of Pangea.  The Fly ing Point fault pre serves ev i dence of
both early duc tile fault ing (Swanson, 1999a, b) and later brit tle
down-to-the-east fault ing (West and oth ers, 1993).  Es ti mates of
ap prox i mately 4 km of nor mal fault ing are sug gested by West
and oth ers, 1993) to ac count for the meta mor phic and struc tural
con trasts of the rocks on ei ther side of the fault.  The Johns Point,
Fore River, and South Port land faults show ev i dence of brit tle
de for ma tion, in clud ing fault brec cia, slick en sides, gouge, and
vug gy milky quartz veins.  The South Port land fault was first

rec og nized by Bodine in 1965.  The Fore River fault was first
rec og nized by Hussey (in press, c) from core sam ples taken
along the align ment of the Casco Bay Bridge be tween South
Port land and Port land in the Port land West quad ran gle.  This
fault prob a bly con nects with the zone of sili ci fi ca tion mapped on 
Lit tle and Great Chebeague Is lands (this quad ran gle).  Based pri -
mar ily on dis tri bu tion of the meta mor phic isograds (Fig ure 16)
and ages of jux ta posed for ma tions, the Johns Point, Fore River,
South Port land faults ap pear to be down thrown in a di rec tion op -
po site to that of the Fly ing Point fault.  It is tempt ing to re gard
them as an ti thetic faults to the ma jor Fly ing Point fault, and that
the Merrimack and Casco Bay Groups oc cupy a ma jor Me so -
zoic-age half-graben sys tem.

Folds

Ma jor folds are mapped only for the Casco Bay Group, and
their ax ial traces are shown in Fig ure 16.  These folds are de lin -
eated solely on the ba sis of out crop dis tri bu tion of the for ma tions 
that con sti tute the group.  Mi nor asym met ric fold sets are pres ent 
in out crop, but do not to pre dict the ma jor fold pat tern; this may
be due to in suf fi cient ex am ples, but also be cause they may rep re -
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Fig ure 16.  Gen er al ized struc ture and meta mor phic map of the Port land East 7.5-min ute quad ran gle.



sent two or more stages of fold ing.  Ma jor folds of the Port land
East quad ran gle trace into fold sys tems in the north ern part of the 
Casco Bay belt that are in ter preted to be up right to very slightly
over turned F2-fold gen er a tion folds (Hussey and Berry, 2002). 
Ear lier re cum bent folds have not been iden ti fied in the Port land
East quad ran gle.  Fig ure 17 is a stereogram of poles to pla nar
struc tures in the Casco Bay Group show ing a ten dency to ward
ver ti cal to steep north west dips and strikes ap prox i mat ing 45 de -
grees.  Fig ure 18 shows poles to var i ous lineations in di cat ing
gen er ally shal low plunges to the north east and south west, par al -
lel to plunges of axes of mi nor folds seen in out crop.

The belt of the Eliot For ma tion is char ac ter ized by tightly
com pressed mi nor folds of thin laminae.  These are mostly ob -
served where dips of the compositional lay er ing and lam i na tion
are steep.  Steep lay er ing oc curs through out most of the Eliot belt 
ex cept on Mackworth Is land where dips are mod er ate to gen tle

to the south east (Fig ure 19).  In gen eral, other than for the ex po -
sures on Mackworth Is land, dips and strikes are sim i lar to those
of the Casco Bay Group.  The shal lower dips on Mackworth Is -
land may be the re sult of fault ro ta tion along the Johns Point fault 
on the south east side of the is land, and an other as yet un rec og -
nized late brit tle fault on the north west side of the is land.  Sim i lar 
gen tle dips are pres ent in the Eliot For ma tion on strike to the
south west in the Port land West quad ran gle (Hussey, in press, b).

10

A. M. Hussey II

Fig ure 17.  Stereogram show ing poles to fo li a tion, compositional lay er -
ing, and schistosity, Casco Bay out crop belt, Port land East quad ran gle. 
The poles show a ten dency to ward steep to ver ti cal dips and a N 45o E
strike.  N = num ber of data points.  C.I. = con tour in ter val.

Fig ure 18.  Stereogram of dif fer ent lineations within the Casco Bay belt
show ing marked ten dency for shal low plunges to the north east and
south west.

Fig ure 19.  Stereogram of poles to compositional lay er ing and lam i na -
tion of the Eliot For ma tion within the Port land East quad ran gle.  Red
poles are for the Eliot For ma tion ex posed on Mackworth Is land and
green poles are for the Eliot For ma tion ex posed else where within its
out crop belt.  Poles for Mackworth Is land have a sim i lar ori en ta tion to
those for the Fal mouth-Bruns wick and Cen tral Maine se quences (Fig -
ures 20 and 21); poles for ex po sures else where have an ori en ta tion sim i -
lar to those for the Casco Bay Group.
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Gneissic lay er ing, and schistosity in the Fal mouth-Bruns -
wick and Cen tral Maine se quences are es sen tially par al lel (Fig -
ures 20 and 21); strikes av er age around N 45 E, and dips are
mod er ate to the south east, much like on Mackworth Is land.  Ma -
jor folds have not been mapped; those shown on the map sheet in
cross-sec tion A A’ are con jec tural.  Mi nor asym met ric folds are
rather un com mon in these se quences.  Those ob served are pre -
dom i nantly west verg ing and strongly over turned.  They de form
fo li ated con form able peg ma tite lenses, migmatite string ers,
gneissic fo li a tion, and schistosity; thus they are late in the fold
sequence.  Their cor re la tion with times of fold ing in the Casco
Bay and Eliot belts is not yet known.

META MOR PHISM

The rocks of the Port land East quad ran gle have been meta -
mor phosed to vary ing grades rang ing from gar net to an da lu site
zones in a Buchan fa cies se ries for the metapelites of the Casco

Bay Group, to sillimanite (pos si bly sillimanite + K-feld spar)
zone for metapelites in the Fal mouth-Bruns wick and Cen tral
Maine se quences, and from chlorite-cal cite to hornblende-di op -
side zones for im pure car bon ate rocks in the Merrimack Group
and Cen tral Maine se quence.  Isograds are shown in Fig ure 16. 
Within the Eliot For ma tion of the Merrimack Group and the
rocks of the Casco Bay Group, the grade of meta mor phism gen -
er ally in creases to the north east.  Meta mor phic isograds have
been off set by the ma jor brit tle Me so zoic faults.

Gar net is the high est-grade in dex min eral in the pelitic
rocks of the Casco Bay Group in the south ern half of the quad -
ran gle.  In the north ern half, an da lu site, staurolite, and chloritoid
are pres ent.  Staurolite and an da lu site are ex ten sively ret ro -
graded to mica and chlorite.  In the an da lu site-staurolite zone
large quartz veins com monly have anhedral masses of clear pink
an da lu site.  Blue co run dum grains less than a mil li me ter in max i -
mum di men sion oc cur rarely within the an da lu site which iso -
lates them from the quartz.  Late ret ro grade chlorite is com mon
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Fig ure 20.  Poles to compositional lay er ing and schistosity of the Fal -
mouth-Bruns wick se quence.

Fig ure 21.  Poles to compositional lay er ing and schistosity of the Cen -
tral Maine se quence.
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in the pelitic rocks of the Casco Bay rocks.  Mafic rocks of the
Spring Point For ma tion are meta mor phosed only to gar net
grade.  The in di ca tor min er als are actinolite and rarely epidote. 
Green chlorite is always present, probably as a prograde mineral.
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