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IN TRO DUC TION

The Port land West 7.5' quad ran gle lies at the south west
edge of Casco Bay (Fig ure 1) and en com passes the larg est met -
ro pol i tan dis trict in the State of Maine, in clud ing ma jor parts of

the cit ies of Port land, South Port land, and West brook.  Shore line
ar eas within the quad ran gle are tidal mud flats and chan nels of
Back Cove, Fore River and Presumpscot River.  To pog ra phy is
gen er ally of low re lief, the high est el e va tion be ing Leighton Hill
(el e va tion be tween 480 and 500 feet) along the north ern edge of
the quad ran gle.  An ex ten sive man tle of ma rine clay and gla cial
drift con ceals much of the bed rock within the quad ran gle.  A sig -
nif i cant amount of shore land on the east side of the Port land
pen in sula along Com mer cial Street, along the west side of the
pen in sula ad ja cent to Back Cove, and por tions of the South Port -
land shore line con sist of ar ti fi cial fill.  Prin ci pal drainages in the
area are the Presumpscot and Stroudwater Rivers.  The
Presumpscot River flows south east erly into the quad ran gle in
the City of Wesbrook for a short dis tance be fore turn ing abruptly
north east to fol low a prom i nent lin ear low that is on strike with
the None such River fault south west of the quad ran gle.  The
Presumpscot River fol lows this north east erly lin ea ment for ap -
prox i mately 8.5 km and then abruptly turns to the south east, par -
al lel to its course at the west ern edge of the map.  It emp ties into
the Presumpscot es tu ary 4 miles north of Port land.  The
Stroudwater River flows east erly from just south of West brook
and emp ties into the Fore River es tu ary on the south side of Port -
land.

The gen er ally hill ier third of the quad ran gle ly ing north -
west of the Presumpscot River and East Branch of the Piscataqua 
River is un der lain by gran ite, gran ite gneiss, and peg ma tite of the 
West brook pluton of De vo nian or youn ger age.  The re main der
of the quad ran gle is un der lain by metasedimentary and meta vol -
can ic rocks as signed to three ma jor lithotectonic se quences, the
Merrimack Group, the Casco Bay Group, and the Cen tral Maine
se quence, rang ing in age from Mid dle Or do vi cian to Early Si lu -
rian.  In the north east ern part of the quad ran gle, the meta mor phic 
rocks are ex ten sively migmatized, and nar row lenses of peg ma -
tite and fo li ated gran ite are abun dant.

Out crops are lo cally abun dant in low hills pro trud ing
through the surficial man tle such as in the Brigh ton area, and at
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Fig ure 1.  Lo ca tion of the Port land West 7 1/2’ quad ran gle.  Base map
from Osberg and oth ers 1985.



Run ning Hill, Blue berry Hill, and Thomp son Hill, and the area
north and west of the Presumpscot River val ley.  Out crops are
very sparse along most of the dis tance of the north east-trending
Presumpscot River lin ea ment (Fig ure 2).  Shore line out crops are
rel a tively sparse.  Su pe rior con trol on rock dis tri bu tion in the
Fore River es tu ary along the align ment of the new Casco Bay
Bridge be tween Port land and South Port land near the south east
cor ner of the map co mes from nu mer ous core sam ples taken for
eval u a tion of foun da tion char ac ter is tics for the bridge con struc -
tion.  Sam ples were taken ev ery 100 feet or less be tween the
mainlands of Port land and South Port land.  The writer was for tu -
nate to be able to ob tain rep re sen ta tive ma te ri als from these
cores be fore they were dis posed of.

IN TRU SIVE  ROCKS

Intrusive rocks in the Port land West 7.5' quad ran gle in -
clude diabase and ba salt dikes; gra nitic peg ma tite sills, dikes,
and lenses; fo li ated diorite; and in ti mately as so ci ated aluminous
gran ite, gran ite gneiss, and in ter me di ate rocks that com pose the
West brook pluton.

Ba salt and re lated rocks

Unaltered diabase and ba salt dikes in trude all other rock
units in the quad ran gle, and are thus the youn gest bed rock fea -
tures of the area.  They range in thick ness from a few cen ti me ters
to more than 5 me ters.  Strikes are mod er ately vari able to the
north east, and dips are steep.  In the area on the north side of the
out let of Back Cove, just north of the Port land pen in sula, rocks
of the Eliot For ma tion have been in truded by a se ries of
gently-dip ping sills of me dium gray, fine-grained rock of pos si -
ble in ter me di ate com po si tion (these have not yet been stud ied in
thin sec tion).  These sills and as so ci ated struc tural fea tures are
dis cussed in de tail be low in the sec tion on Struc ture.

West brook Gran ite

Gran ite and re lated rocks oc cupy the low hilly ter rain
north west of the Presumpscot River lin ea ment.  Most of the
pluton con sists of fine-grained light gray mas sive (Fig ure 3A) to
mod er ately fo li ated (Fig ure 3B) bi o tite-mus co vite gran ite.  Gar -
net, ap a tite, op aques, zir con, and monazite are com mon ac ces -
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Fig ure 2.  Map show ing ap prox i mate dis tri bu tion of zones of re gional meta mor phism and migmatization rel a tive to ma jor gra nitic
plutons and faults.  Let ters b, d, and z in di cate lo ca tions where di ag nos tic as sem blages of the bi o tite, di op side, and zoisite/am phi bole
zones in the cal car e ous rocks of the Merrimack Group and Cen tral Maine se quence have been con firmed by thin-sec tion ex am i na tion; 
let ter g in di cates the same for gar net zone as sem blages of the pelitic rocks of the Casco Bay Group.  FPF: Fly ing Point fault; FRF:
Fore River fault; JPF: Johns Point fault; PRL: Presumpscot River lineament.  Heavy dashed lines in di cate sche mat i cally the zone of
ex ten sive shear ing within low-grade Eliot For ma tion prob a bly as so ci ated with the right-lat eral Norumbega fault system.



sory min er als.  In cluded in the dom i nant two-mica gran ite phase
are mi nor masses of me dium gray fo li ated bi o tite granodiorite
(Fig ure 3C).  Both the gran ite and granodiorite are in truded by
mas sive to slightly fo li ated dikes and ir reg u lar string ers of peg -

ma tite con tain ing black tour ma line, bi o tite, and mus co vite (Fig -
ure 3C).  Com mon through out the pluton, are nu mer ous blocks
of Ber wick-type granofels.  The Presumpscot River lin ea ment,
men tioned briefly above does not form the bound ary of the
pluton.  The con tact of the gran ite with the Ber wick For ma tion,
al though not well ex posed, ap pears to be gradational over a dis -
tance of about a ki lo me ter just north west of the lin ea ment.  In this 
zone masses of the Ber wick For ma tion be come more nu mer ous
to ward the mapped edge of the pluton, south east of which the
rock is mapped as migmatized Ber wick For ma tion.  The ages of
the West brook plutonic phases have not been de ter mined by ra -
dio met ric dat ing.  They are prob a bly De vo nian, re lated to the
Aca dian orog eny, but may be as young as the gran ites and peg -
ma tite of the Topsham area for which Tomascak and Fran cis
(1995) re port Perm ian ages, re lat ing them to ther mal ef fects as -
so ci ated with the Alleghenian orog eny.

Two sim i lar, un named, bi o tite-mus co vite gran ite bod ies
crop out in the north ern part of the City of Port land.  Both are
north east-trending nar row lenses of ir reg u larly tex tured fo li ated
gran ite con fined to the zone of migmatization.  The larger of the
two bod ies has been ex ten sively quar ried at Rocky Hill in Port -
land (Fig ure 4).  Some ex po sures of the gran ite in the Rocky Hill
Quarry show shear-band-type fo li a tion marked by con cen tra -
tions of bi o tite (Fig ure 5) sug gest ing shear ing dur ing late-stage
syntectonic crys tal li za tion of the magma.

Diorite

A small mass of diorite, ap prox i mately 1 by 1/2 km in size,
oc curs on the south east side of Rocky Hill in West brook.  This
rock is me dium- to fine-grained, me dium gray mas sive to mod -
er ately fo li ated phanerite con sist ing of plagioclase, hornblende,
and augite.  Mi nor con stit u ents in clude quartz, bi o tite, sphene,
op aques (prob a bly il men ite be cause they are fre quently man tled
by sphene), and ap a tite.  Where it is most strongly fo li ated, pri -
mary dark min er als are par tially al tered to finely fi brous op ti -
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Fig ure 3.  Gla cially-pol ished sur face of the West brook pluton at the
Shaw Broth ers Quarry along Meth od ist Road, 6 kms north of West -
brook.  The quarry is pres ently ac tive, pro duc ing crushed stone.  
A. Light gray, weakly fo li ated bi o tite-mus co vite gran ite; darker phase
in fore ground is fine-grained granodiorite or quartz diorite.  B. Strongly
fo li ated gran ite.  C. Weakly fo li ated fine-grained me dium gray
granodiorite cut by dike and ir reg u lar mass of non-fo li ated gran ite peg -
ma tite.

A

B

C

Fig ure 4.  Ex po sure of ir reg u larly-tex tured gran ite gneiss and peg ma tite 
at Rocky Hill Quarry, Deering area of Port land.  Quarry is now in ac tive.  
Note steep west-dip ping joints.  Height of the ex po sure is ap prox i -
mately 35 feet.



cally un re solv able phases, and the plagioclase is par tially al tered 
to dusty clay ma te ri als.  The diorite is in truded by nu mer ous
dikes and string ers of gra nitic peg ma tite and two-mica gran ite
akin to the prin ci pal phase of the West brook Gran ite.  The ab so -
lute age of the diorite is un known.

Peg ma tite

In ad di tion to those de scribed above that are as so ci ated
with the West brook pluton, peg ma tite dikes, sills, and ir reg u lar
bod ies are seen through out the area of migmatization of the
rocks of the Merrimack Group and Cen tral Maine se quence. 
Min er al ogy is sim ple: quartz, perthitic pot ash feld spar,
plagioclase, bi o tite, and mus co vite with ac ces sory gar net and
black tour ma line.  Sills and ir reg u lar bod ies tend to be weakly to
mod er ately fo li ated and folded along with the coun try rock,
whereas the dikes are generally unfoliated and unfolded.

META MOR PHIC  ROCKS

Meta mor phic rocks in the Port land West 7.5' quad ran gle
are as signed to three lithotectonic se quences, the Merrimack and 
Casco Bay Groups and the Cen tral Maine se quence.  As a re sult
of map ping in this quad ran gle, two of these, the Merrimack
Group and Cen tral Maine se quence, are in ter preted to be
on-strike equiv a lents as will be dis cussed be low.

Casco Bay Group

The Casco Bay Group con sists, in struc tur ally as cend ing
or der, of 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. 
The out crop belt of the Cush ing For ma tion does not pass through 
the Port land West quad ran gle.  The Jewell For ma tion does not

crop out, but is com pletely cov ered by surficial sed i ments and ar -
ti fi cial fill.  Out crops of the re main ing for ma tions oc cur in the
very south east ern cor ner, de fin ing the south eastern limb of a ma -
jor syncline.  The north west ern limb of the syncline is de fined by
the Spring Point through Scarboro out crops on the Port land pen -
in sula and south east of Long Creek in South Port land; in ad di -
tion, bed rock core sam ples taken along the align ment of the
Casco Bay Bridge be tween Port land and South Port land con firm 
the existence of the Casco Bay formations under the Fore River.

The rocks of the Casco Bay Group are sep a rated from the
Merrimack and Cen tral Maine rocks by the Johns Point fault
(Fig ure 2).  In ter nally, the Casco Bay for ma tions ap pear to be
sep a rated from each other by con form able con tacts.

Cape Eliz a beth For ma tion.  The Cape Eliz a beth For ma -
tion crops out very spar ingly in the quad ran gle, in the area of
Thorn ton Heights, South Port land (south edge of the map).  It
con sists of non- to weakly bed ded me dium gray mus co -
vite-chlorite-gar net-bi o tite-quartz phyllite (Fig ure 6).  Un til

2001, the best ex po sures were in a rock quarry 0.3 km N 60° E
from the cor ner of West ern Av e nue and Westcott Road in the
Thorn ton Heights area, but some time be tween 2001 and June
2003, the quarry had been filled in and part of a hous ing de vel op -
ment now oc cu pies the site.  (In ur ban ar eas such as Port land and
South Port land, al though the rocks en dure, the ex po sures may be 
very fleet ing!)

Spring Point For ma tion.  The Spring Point For ma tion
con sists of me dium green ish gray chlorite-actinolite-bi o -
tite-plagioclase schist and am phi bo lite, with mi nor me dium gray 
plagioclase-quartz-chlorite-bi o tite-actinolite ± epidote
granofels and schist (Fig ure 7).  In cluded within the for ma tion,
but known only from bor ings for a build ing along Com mer cial
Street in Port land and from the Casco Bay Bridge core sam ples is 
light gray plagioclase-quartz-mus co vite granofels and schist, a
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Fig ure 5.  Gran ite gneiss at Rocky Hill Quarry, Port land, show ing
prom i nent shear band ing in di cat ing shear ing dur ing late stage of con -
sol i da tion of the gran ite.

Fig ure 6.  Me dium gray nonbedded slightly iron-stained chlorite-bi o -
tite-gar net phyllite of the Cape Eliz a beth For ma tion.  Ex po sure is at the
cor ner of Maine Route 9 and Wescott Street in the Thorn ton Heights
area of South Port land.



li thol ogy very sim i lar to some of the fel sic phases of the Cush ing
For ma tion.  The actinolite-bear ing lithologies are in ter preted to
rep re sent ba saltic to andesitic pyroclastic vol ca nic rocks prior to
meta mor phism.  The light gray quartzo-feldspathic rocks prob a -
bly rep re sent fel sic tuffs prior to meta mor phism.  The Spring
Point For ma tion crops out at scat tered lo ca tions on the cen tral
and south east ern parts of the Port land pen in sula, and in the
south east ern cor ner of the quad ran gle.

Di a mond Is land For ma tion.  The Di a mond Is land For ma -
tion is the most dis tinc tive and rec og niz able unit of the Casco
Bay Group.  It con sists of compositionally unlayered dark gray
to black quartz-mus co vite-graph ite phyllite.  Py rite, in the form
of euhedral cubes and anhedral thin smears along phyllitic fo li a -
tion planes, is com mon, and gives rise to lo cal yel low and or ange 
li mo nite stain ing on weath ered sur faces.  The Di a mond Is land li -
thol ogy yields a sooty black pow der when ham mered or
scratched, and this is the most re li able prop erty by which this for -
ma tion is dis tin guished from dark va ri et ies of Scarboro For ma -
tion.  The Di a mond Is land For ma tion is ex posed at its proper
strati graphic po si tion be tween the Spring Point and Scarboro
For ma tions in the south east cor ner of the map (Fig ure 8), and is
pres ent be tween the same lithologies in the core sam ples from
the Fore River area.

Scarboro For ma tion.  Two va ri et ies of the Scarboro For -
ma tion have been mapped in the Port land West 7.5' quad ran gle. 
The dom i nant li thol ogy is non- to mod er ately rusty-weath er ing
me dium gray mus co vite-chlorite-gar net-quartz-plagioclase
phyllite with sparse thin interbeds of mus co vite-quartz-
plagioclase phyllite.  The other li thol ogy is me dium green ish
gray chlorite-mus co vite-gar net-quartz phyllite.  The green ish
color makes it very sim i lar in ap pear ance to some por tions of the
Spring Point For ma tion.  These green ish phyllites are in ter preted 
to have been volcanogenic muds, rep re sent ing ei ther air-trans -
ported in ter me di ate pyroclastic ash or fine mud eroded from ter -
rains com posed of in ter me di ate vol ca nic rocks.

Spurwink Metalimestone.  Katz (1917) orig i nally re ferred
to this unit as the Spurwink Lime stone.  How ever, the unit is
meta mor phosed to gar net and higher grades and there fore the
ap pel la tion “lime stone” seems in ap pro pri ate.  In most lo cal i ties
where it is ex posed, it does not have the ap pear ance of a mar ble,
so that name is not ap pro pri ate.  I there fore, in my ear li est map -
ping, pre ferred to re fer to it as “metalimestone” (Hussey, 1971). 
Ex po sures within the quad ran gle are lim ited to out crops in the
mud flats and shore line on the south east side of the Fore River in
South Port land.  How ever, sev eral of the bridge bor ings en coun -
tered the unit, so it is well rep re sented in the south east cor ner of
the quad ran gle.  It is typ i cally thin ribbony-bed ded me dium gray
very fine-grained rock com posed mostly of cal cite with mi nor
bi o tite, quartz, and plagioclase, and thin interbeds of quartz-
plagioclase-bi o tite phyllite.  Fish-mouth-type boudinage is typ i -
cal of most ex po sures of the for ma tion.  Within the quad ran gle,
the Spurwink Metalimestone is as so ci ated with pelitic rocks of
the Scarboro For ma tion that have been meta mor phosed only to
gar net grade.

Jewell For ma tion.  The li thol ogy of the Jewell For ma tion
in the Port land West quad ran gle is not known; there are no ex po -
sures in the in ferred out crop belt.  From out crops nearby in the
Cape Eliz a beth (Hussey, in press), Port land East (Hussey,
2003a), and Prouts Neck 7.5' quad ran gles (Hussey, 2003b), it is
es sen tially iden ti cal to the Scarboro For ma tion — rusty and
non-rusty light and dark gray mus co vite-bi o tite-gar -
net-chlorite-quartz phyllite.  Green ish gray phyllites sim i lar to
those mapped with the Scarboro For ma tion are also pres ent in
the Jewell For ma tion ex posed on Jewell and Great Di a mond Is -
lands in the Port land East quad ran gle.

Age of the Casco Bay Group.  Bear ing on the age of the
Casco Bay Group are ra dio met ric dates from two widely-sep a -
rated lo cal i ties.  One of these is a few ki lo me ters to the east along
the shore at Danford Cove in South Port land.  Fel sic meta mor -
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Fig ure 7.  Mas sive green ish gray am phi bo lite of the Spring Point For -
ma tion be neath the west-bound  off ramp of the Casco Bay Bridge, Port -
land.

Fig ure 8.  Black gra phitic phyllite of the Di a mond Is land For ma tion, ex -
posed at the cor ner of High land Av e nue and Stillman Street, South Port -
land, at the south ern edge of the Port land West quad ran gle.



phosed vol ca nic rocks of the Cush ing For ma tion have yielded
U/Pb ages on zir cons of 471 to 473 MA (John Aleinikoff and
Rob ert Tucker, per sonal com mu ni ca tions).  The other is a 469
MA age on meta vol can ics of the Spring Point For ma tion in the
Lib erty-Palermo area about 80 km to the north (Tucker and oth -
ers, 1995).  These ages sug gest a Mid dle Or do vi cian
(Llandeilo-Llanvirn) age for the Cush ing, Cape Eliz a beth, and
Spring Point For ma tions.  The Scarboro, Spurwink, and Jewell
For ma tions are only slightly youn ger, prob a bly also of Mid dle
Or do vi cian age.

Merrimack Group

Rocks here as signed to the Merrimack Group in clude the
Eliot and Ber wick For ma tions.  The Kittery For ma tion, also a
part of the group, is not ex posed in the Port land West 7.5' quad -
ran gle.  Within this area, the Ber wick and Eliot For ma tions ap -
pear to be con form able, al though crit i cal ex po sures of contacts
are lacking.

Eliot For ma tion.  The Eliot For ma tion oc cu pies a 3 -3.5
km wide belt ex tend ing from the south eastern cor ner of the
quad ran gle north east through the Back Cove and Brigh ton ar eas
of Port land.  In the vi cin ity of Back Cove and north east ward, the
rocks here as signed to the Eliot For ma tion were mapped as the
Mackworth For ma tion by Katz (1917) and were in cluded as the
up per most unit of the Casco Bay Group.  Com par i son of the li -
thol ogy of these rocks, par tic u larly the lower grade calcitic rocks 
in the south west ern cor ner of the Port land West quad ran gle, with 
Merrimack Group rocks in south west ern Maine and south east -
ern New Hamp shire in di cates the close lith o logic sim i lar ity of
these rocks with the Eliot For ma tion to the south west.

The Eliot For ma tion, at its low est meta mor phic grade (bi o -
tite zone), con sists of thinly lay ered, thor oughly sheared al ter na -
tions of me dium gray, brown-weath er ing chlorite-cal cite-
bi o tite-mus co vite-quartz-plagioclase phyllite, quartz-
plagioclase-bi o tite-cal cite phyllite and dark gray chlorite-mus -
co vite-quartz phyllite (Fig ures 9A and 9B).  At higher grades of
meta mor phism (am phi bole through di op side zones) the rock is
thinly lay ered brown ish-gray weath er ing quartz-plagioclase-bi -
o tite-calc-sil i cate granofels and quartz-plagioclase-bi o tite
granofels (Fig ure 10A).  Zoisite, pale green hornblende, and
sphene are the calc-sil i cate min er als of the in ter me di ate
(zoisite/am phi bole zone) grade of meta mor phism (Fig ure 10B),
and hornblende, zoisite, di op side, sphene, and rarely grossular
gar net, are the calc-sil i cate min er als of the high est (di op side
zone) grade of meta mor phism.

Am phi bo lite of Back Cove.  One out crop in the mud flats
along the east ern side of Back Cove is the only ob served ex po -
sure of dark green actinolite gneiss in the out crop belt of the Eliot 
For ma tion.  It is in ter preted to be a meta mor phosed mafic ig ne -
ous rock, but whether in tru sive or ex tru sive is not in di cated by
char ac ter is tics of this sole ex po sure.  Its close prox im ity to the
in ferred trace of the Fly ing Point fault sug gests that it may be an
infaulted slice of one of the am phi bo lites mapped in the ad ja cent
Port land East quad ran gle such as the am phi bo lite of the
Nehumkeag Pond For ma tion at Bart lett Point or the Spring Point 
For ma tion (Hussey, 2003a).

Ber wick For ma tion.  In the Port land West quad ran gle the
Ber wick For ma tion oc cu pies a 5 km wide belt be tween the Eliot
For ma tion and the West brook pluton.  Min er al og i cally these
rocks are sim i lar to the in ter me di ate and high-grade zones of the
Eliot For ma tion, but are dis tin guished by gen er ally thicker
compositional lay er ing (3 to 10 cen ti me ters) more quartz-

Fig ure 9.  Eliot For ma tion at Exit 7A in ter change of the Maine Turn pike, South Port land.  A. Gen eral view of gla ci ated sur face of the
Eliot For ma tion, show ing in the fore ground  thin compositional lay er ing prob a bly re flect ing orig i nal  sed i men tary beds.  B. Closeup,
show ing light buff-gray-weath er ing cal car e ous phyllite (metasiltstone) and dark gray chlorite-mus co vite phyllite (metashale).  Pro -
por tions and rel a tive thick ness of light vs. dark lay ers var ies con sid er ably in dif fer ent parts of the ex po sure.

A B
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plagioclase-bi o tite granofels and gneiss, more pro nounced
green calc-sil i cate lay ers, and less of the more micaceous
interlayers (Fig ures 11A and B).  The dis tinc tion be tween the
Ber wick and Eliot For ma tions in the north east part of the map is
much less cer tain be cause of the ex ten sive migmatization.

Cen tral Maine se quence

Rocks cor re lated with the Cen tral Maine se quence in the
Port land West quad ran gle have been traced south ward from the
Topsham area into the Port land area (Hussey and Berry, 2002;
Hussey and Marvinney, 2002; Berry and Hussey, 1998).  The
Cen tral Maine se quence is rep re sented by the Hutchins Cor ner
For ma tion.  The Rich mond Cor ner and Torrey Hill For ma tions

of that se quence are not rec og nized in the Port land West area, al -
though they are pres ent in the ad ja cent quad ran gle to the east. 
The Hutchins Cor ner For ma tion con sists of migmatized me dium 
brown ish gray salt-and- pep per-tex tured quartz-plagioclase-bi -
o tite gneiss and granofels with lesser amounts of me dium to light 
green ish gray di op side-hornblende-zoisite-quartz-plagioclase-
bi o tite granofels and gneiss.

The Hutchins Cor ner For ma tion is on strike with the Ber -
wick and Eliot For ma tions, and as noted ear lier, the dis tinc tion
be tween the Eliot and Ber wick is lost in the area of
migmatization.  This on-strike dis tri bu tion of the Hutchins Cor -
ner For ma tion ver sus the Eliot and Ber wick For ma tions is the
prin ci pal rea son for sug gest ing a cor re la tion of the Cen tral
Maine se quence with the Merrimack Group as in di cated in Fig -

Fig ure 11.  A. Ex po sure of me dium-bed ded Ber wick For ma tion in the Presumpscot River, West brook.  B. Thin to me dium
interlayered calc-sil i cate and bi o tite gneiss of the Ber wick For ma tion near Morrills Cor ner, Port land.
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Fig ure 10.  Eliot For ma tion at in ter me di ate grade of meta mor phism be tween Fore River and Brigh ton Av e nue, Port land.  A. Thinly
banded brown ish gray  quartz-plagioclase-bi o tite gneiss with thin interlayers of green ish calc-sil i cate gneiss.  B. Closeup show ing
green ir reg u lar streaks of the calc-sil i cate gneiss with hornblende and epidote.  Ex po sure is in new hous ing de vel op ment about 400
me ters south west of the cor ner of Brigh ton and Stevens Av e nues, Port land.
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ure 12.  The dot ted line that sep a rates them on the geo logic map
merely de lim its the bound ary where these two se quence names
have been traditionally applied.

STRUC TURE

The in ferred struc ture of the Port land West quad ran gle is
shown on cross-sec tions A-A’ and B-B’ on the map sheet.  Ma jor
faults are shown on the meta mor phic map (Fig ure 2).

Folds

The out crop belt of the units of the Casco Bay Group in the
south east ern part of the map is dom i nated by the South Port land
syncline for which there is suf fi cient ev i dence in this quad ran gle
to de lin eate it.  It in cludes the for ma tions from Spring Point
through Jewell.  From dis tri bu tion of out crops of these for ma -
tions in this quad ran gle and the Prouts Neck 7.5' quad ran gle im -
me di ately to the south, this syncline is in ferred to plunge gently
northeast.

The Cape Eliz a beth For ma tion in the Thorn ton Heights
area of South Port land oc cu pies the core of an ad ja cent anticline
which con tin ues south into the Prouts Neck quadrangle.  Out -
crops at the head of tide wa ter along Long Creek south of the
Port land air port de fine the north ern end of a syncline which,
again, is better un der stood from the out crop dis tri bu tions in the
Prouts Neck quad ran gle.  These two struc tures are ter mi nated
north ward in the vi cin ity of Long Creek by the in ferred ex ten -
sion of the Johns Point fault.

Ma jor fold struc tures in the Merrimack Group and Cen tral
Maine se quence are gen er ally not in di cated by ei ther the map
pat tern or ob served par a sitic folds.  Mi nor folds are sug gested by 
the dis tri bu tion of out crops of the Eliot and Ber wick For ma tions
in the area just north west of Back Cove, Port land, and south of
West brook.  Par a sitic fold ing, as sche mat i cally shown on the
cross sec tions A-A’ and B-B’, prob a bly char ac ter izes most of the
se quences in this quad ran gle in as much as it has been observed at
many localities regionally.

No ev i dence in the Port land West quad ran gle re solves the
ques tion of the rel a tive strati graphic po si tion of the Ber wick and
Eliot For ma tions.  In New Hamp shire, Ly ons and oth ers (1997)
have in ter preted that, within the Merrimack Group, the Kittery
For ma tion over lies the Eliot For ma tion.  The strati graphic re la -
tion ship be tween the Eliot and Ber wick For ma tions is com pli -
cated by the pres ence there of the Calef Mem ber of the Eliot
For ma tion.  This mem ber sep a rates the Eliot li thol ogy that is
correlable with Eliot of the Port land area, from the Ber wick For -
ma tion, and has been in ter preted by Bothner and Hussey (1999)
as a phyllonite pos si bly de lin eat ing a ma jor seg ment of the
Norumbega fault zone.  No such li thol ogy or struc ture has been
ob served in the Port land West quad ran gle.  There is no ev i dence
to sug gest that the con tact be tween the two for ma tions is any -
thing other than con form able.  In this re port the Ber wick For ma -
tion is re garded as a part of the Merrimack Group, but its
strati graphic position relative to other formations of the group
remains unresolved.

Faults

Ma jor faults within the Port land West quad ran gle are the
Fly ing Point, Johns Point, and Fore River faults (Fig ure 2). 
None of these fault zones have been ob served in out crop.

Ev i dence for the Fore River fault is three-fold.  (1) Core
sam ples from the align ment of the Casco Bay Bridge dem on -
strate a rep e ti tion of the Di a mond Is land and Spring Point
lithologies un der the chan nel of the Fore River.  (2) Sev eral of
the cores in the area of this strati graphic rep e ti tion pre serve brec -
cia with drusy quartz veins.  (3) The thick ness of the sed i men tary 
fill in the west ern edge of the Fore River lo cally ex ceeds 100 me -
ters (Maine De part ment of Trans por ta tion drill re cords), sug -
gest ing a deep preglacial gorge that may have been eroded along
a zone of brecciation.

The Johns Point fault sep a rates the Casco Bay Group from
the Merrimack Group.  It sep a rates bi o tite-grade Eliot
lithologies from gar net-grade pelites and actinolite-grade
metabasites of the Casco Bay Group.  It is prob a bly one of the
prin ci pal breaks within the Norumbega fault system.

The Fly ing Point fault sep a rates bi o tite-grade Eliot
lithologies from zoisite- and di op side-grade Eliot, Ber wick, and
Hutchins Cor ner lithologies.  To the north, it sep a rates rocks of
the Fal mouth-Bruns wick se quence from the Casco Bay Group
(Berry and Hussey, 1998; Hussey and Berry, 2002; Hussey and
Marvinney, 2002), and is re garded as one of the seg ments of the
right-lat eral strike-slip Norumbega fault system (Swanson,
1999).  In the Port land West quad ran gle ev i dence for the con tin -
u a tion of the Fly ing Point fault ap pears to be lost within the Eliot
For ma tion.  How ever, the gen er ally sheared ap pear ance of the
formation such as seen on gla cially pol ished sur faces (Fig ure 13) 
at the 7A en trance to the Maine Turn pike sug gests that mo tion on 
the Fly ing Point fault might be ac com mo dated as dis trib u tive
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Fig ure 12.  Pro posed cor re la tion be tween the Merrimack Group to the
south west and the Cen tral Maine se quence to the north east.



shear ing through out the Eliot For ma tion Small-scale fea tures at
this lo cal ity in di cate right-lat eral shear ing (Fig ure 14A), with a
com po nent of dip-slip mo tion down to the south east (Fig ure
14B).  This dis trib u tive shear ing may be due to the abun dance of
car bon ate in the lower-grade Eliot li thol ogy.

The wide belt of the Spring Point For ma tion in the Port land 
pen in sula area, as com pared to other lo ca tions, may in di cate the
pres ence of nu mer ous faults.  Nu mer ous high-an gle brit tle faults
of un known but pre sum ably mi nor off set, and with gen er ally
dip-slip mo tion, can be seen in out crops of the Spring Point For -
ma tion just east of the map area along a rail road cut at Fish Point
on the north east side of the peninsula.

Rock relations in the East Deering area.  Un usu ally good
ex po sures along shore in the East Deering area at the east ern
edge of the map show some fea tures of the struc ture of the Eliot
For ma tion that are not ob served else where.  These fea tures may
have sig nif i cant, and pos si bly crit i cal rel e vance, to in ter pret ing
the tim ing, spa tial ex tent, me chan ics, and rel a tive di rec tion of
move ment of splays of the Norumbega fault zone.  The fol low -
ing ob ser va tions will be ac com pa nied by more ques tions than
an swers at the pres ent level of in ves ti ga tion, but they hope fully
will fo cus on ad di tional work that needs to be done.

The gen eral re la tions in the area are as fol lows:

· Strike of compositional lay er ing (bed ding?) is rel a tively
uni form: be tween N 25 E and N 60 E.  Compositional lay ers
vary from 1 to 20 cm (Fig ure 15).

· Dip be comes pro gres sively gen tler east ward across strike to 
the end of the out crops in the mud flats 100 me ters east of the 
shore line (60 de grees to al most hor i zon tal as shown by the
struc tural sym bols on the map sheet).
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A

Fig ure 14.  A. Closeup of the same ex po sure as Fig ure 13 show ing
shear-band ing in the more micaceous lay ers, in di cat ing right-lat eral
sense of shear ing.  B. Ver ti cal sur face of bi o tite-grade Eliot For ma tion
at the same lo cal ity as Fig ure 13, show ing small-scale shear ing of beds
in di cat ing a down to the south east (to the left) com po nent of shear ing.

Fig ure 15.  Compositional lay er ing (bed ding) of thin- to me dium-bed -
ded bi o tite-grade Eliot For ma tion in shore ex po sures at East Deering
just across the bay from the north west end of the Port land pen in sula. 
Lay er ing dips about 10 de grees to ward the east at this lo cal ity, and
shows lit tle ev i dence of dis rup tion by shear ing re lated to the
Norumbega fault sys tem.

Fig ure 13.  Gla cially pol ished hor i zon tal sur face of bi o tite-grade Eliot
For ma tion at exit 7A of the Maine Turn pike, show ing sheared ap pear -
ance of the compositional lay er ing.  Blotchy ap pear ance of the darker
lay ers is due to ex ten sive shear-band de for ma tion in the more
micaceous parts of the Eliot li thol ogy.  View is look ing south west.

B



· Sev eral in tru sive sills, pos si bly of diabase, ba salt, or an de -
site, are pres ent in the area and show the same pro gres sive
de cline in an gle of dip east ward as does the compositional
lay er ing.  The tex ture of the sills in hand spec i men has more
the ap pear ance of a metamorphically recrystallized rock
than an orig i nal ig ne ous tex ture.  The con tact zone is very
fine-grained and black in color, and the meta mor phic wall
rock of the Eliot For ma tion is strongly welded to the sill

such that in sev eral places the meta mor phic rocks form a
thin patchy sel vage on the sur face ex po sures (Fig ure 16).

· Lineation in the form of flat tened and stretched, bed -
ding-par al lel quartz veins (Fig ure 17) are com mon on
compositional lay er ing sur faces and have a uni form
down-dip, south-south east, ori en ta tion.  Such uni for mity of
down-dip quartz-vein lineation has not been ob served else -
where in the quad ran gle.

· Con ju gate kink or shear bands (Fig ure 18) are lo cally, but
not per va sively de vel oped in the rocks of the Eliot For ma -
tion.  They do not off set compositional lay er ing to any sig -
nif i cantly mea sur able ex tent (note that the more com pe tent
lay ers in Fig ure 15 are not af fected by such bands).

· Sev eral high an gle faults of dif fer ent rel a tive ages cut the
Eliot rocks and the in tru sive sills.  Some of these faults have
been in jected by com pos ite veins con sist ing of mostly
milky quartz with lesser pale brown ish weath er ing cal cite
and felted masses of black tour ma line prisms.

Fig ure 19 is a sketch map of the out crop at the area of the 10 
de gree dip of compositional lay er ing near the south east ern end
of the ex po sures.  Fig ure 20 is an oblique photo of the same lo cal -
ity.  Three brit tle fault gen er a tions are pres ent.  The old est, oc cu -
pied by the quartz vein, is high-an gle nor mal, down to the
north west, based on drag of fo li a tion.  It has an ap prox i mate dis -
place ment of 15-20 cm based on the off set of the up per con tact of 
the sill on op po site sides of the fault.  This fault and the quartz
vein that has formed along it are ter mi nated against an un du la -
tory fault dip ping steeply east.  Based on the ir reg u lar ity of this
fault, it is a dip-slip fault.  This fault is, in turn, cut by a straighter
fault dip ping steeply south east.  Rel a tive mo tion is not clear.  All
faults cut the sill.  These faults may be Me so zoic in age and may
be re lated to post-Norumbega nor mal fault ing on the Fly ing
Point seg ment of the Norumbega sys tem as pos tu lated by West
and oth ers (1993).
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Fig ure 16.  Con tact of in tru sive sill with the Eliot For ma tion, same lo -
cal ity as Fig ure 15.  Dark rock is chilled mar gin of the sill rock, and the
light ma te rial is a thin sel vage of the Eliot For ma tion that is welded to
the in tru sive.

Fig ure 17.  Highly stretched and rodded bed ding-par al lel quartz vein,
same lo cal ity as Fig ure 15.  Stretch ing di rec tion is per pen dic u lar to
strike of bed ding, and may re late to thrust-fault move ment.  Stretched
quartz veins show slight de for ma tion by gen tle kink bands par al lel to
the pen knife.

Fig ure 18.  Con ju gate set of sub-ver ti cal kink bands, same lo cal ity as
Fig ure 15.



The fol low ing se quence of events are in ferred for this lo -
cal ity:

1) Early Si lu rian de po si tion of the Eliot For ma tion.
2) Ini tial fold ing of the Eliot For ma tion, prob a bly to steeper

an gle than pres ent.  This is prob a bly re lated to the Early
De vo nian Aca dian orog eny.

3) Meta mor phism of the Eliot For ma tion and in jec tion of
quartz veins par al lel to bed ding and fo li a tion.  This is also
re lated to the Aca dian orog eny.

4) Stretch ing and rodding of quartz veins par al lel to dip,
prob a bly re lated to Aca dian thrust ing.

5) In tru sion of sill.  (Ques tion: Was this sill in truded at the
pres ent shal low an gle, or at a higher an gle be fore bed ding
was ro tated to the pres ent shal low an gle?  Steeper bed -
ding might have pro vided a me chan i cally more ad van ta -
geous path for in jec tion of magma de rived from depth.)

6) Ro ta tion of bed ding, sills, and quartz-rib bon lineation to
pres ent low an gle of dip.  Is this shal low dip the re sult of
gen tle open fold ing or is it the re sult of fault drag on a ma -
jor off shore fault?

7) Small-scale nor mal fault ing, down to the west, of bed ding 
and sill.

8) Quartz-car bon ate-tour ma line-vein in jec tion along the
fault plane of the ear li est of these faults.  Sim i lar veins
else where in these ex po sures in trude along frac tures.

9) Nor mal fault ing (two rel a tive gen er a tions).
10) De vel op ment of kink bands.

The ab sence of ex ten sive high-an gle in ten sive right-lat eral
shear ing such as is pres ent in ex po sures of the steeply-dip ping
Eliot For ma tion at other lo cal i ties (com pare de for ma tion of
compositional lay er ing shown in Fig ure 15 with Fig ures 11 and
13) begs the ques tion of how the East Deering ex po sures re late to 
the dis trib u tive right-lat eral shear ing of the Norumbega fault
sys tem.  This is an area where ef fects of the Norumbega shear ing
should be very ex ten sively de vel oped.  It is pos si ble (though not
prob a ble) that microscale layer-par al lel fea tures re lated to the
Norumbega fault move ment pre serve a pic ture of such move -
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Fig ure 20.  Oblique pho to graph of the lo cal ity of the sketch map (Fig ure 
19).

Fig ure 19.  De tailed sketch map of out crop re la tions
along East Deering shore line across the bay from the
north western end of the Port land peninsula.  This lo -
cal ity is just east of the B & M Baked Bean Plant in
East Deering.  Quartz-vein lineation and kink bands
shown sche mat i cally.  Quartz vein (with mi nor black 
tour ma line and cal cite), shown by heavi est black line 
fol lows a mi nor high-an gle nor mal fault with
down-to-the-north west mo tion as in di cated by drag
sense of fo li a tion of the Eliot For ma tion and by off -
set of the con tact of an in tru sive sill.



ment.  Any Norumbega-re lated fea tures would most likely have
formed when compositional lay er ing was ver ti cal, prior to ro ta -
tion to the pres ent ori en ta tion.  Events 6 to 10 above would then
post date the Norumbega fault ing event.  The quartz vein
lineation can not be re lated to Norumbega hor i zon tal shear ing,
in as much as they have a down-dip ori en ta tion.  An swers to the
ques tions touched upon above and the tim ing of these events
may be clearer when a ra dio met ric age of the sill rock is avail -
able.

META MOR PHISM

Buchan-type meta mor phism (low pres sure, mod er ate to
high tem per a ture) of prob a ble Aca dian age char ac ter izes the
rocks in the Port land West quad ran gle.  The dis tri bu tion of zones 
of re gional meta mor phism is shown in Fig ure 2.

Rocks of the Casco Bay Group in the Port land West quad -
ran gle have been meta mor phosed to gar net grade.  The crit i cal
as sem blages within pelitic rocks of the se quence in clude gar net,
bi o tite, chlorite, white mica, quartz and plagioclase feld spar.  In
the metabasites of the Spring Point For ma tion, the crit i cal as -
sem blage is am phi bole (prob a bly actinolite), chlorite, bi o tite,
plagioclase, and locally, epidote.

Zones of pro gres sive re gional meta mor phism of the rocks
of the Merrimack Group and Cen tral Maine se quence are de -
fined by changes in min er al ogy of im pure car bon ates that char -
ac ter ize most of these se quences.  These vari a tions are
es sen tially the same as ob served in sim i lar rocks of the Cen tral
Maine se quence in the Waterville area (Ferry, 1983).  In the Port -
land West quad ran gle the low est grade of meta mor phism is bi o -
tite zone, the crit i cal as sem blage be ing bi o tite, chlorite, cal cite,
mus co vite, quartz, and plagioclase.  An in ter me di ate grade of
meta mor phism is char ac ter ized by the as sem blage zoisite,
hornblende, bi o tite, quartz, plagioclase, sphene , and oc ca sion -
ally cal cite.  This in cludes the zoisite and am phi bole zones de lin -
eated by Ferry (1983) in the Waterville area.  In the Port land area
no sep a rate am phi bole zone (slightly lower grade than zoisite
zone) ap pears to be pres ent.  No min eral as sem blages with am -
phi bole and with out zoisite have been ob served.  The high est
grade, di op side zone, is rep re sented by the as sem blage di op side,
zoisite, hornblende, sphene, quartz, and plagioclase.  Parts of
this high grade zone have been ex ten sively migmatized.  The
meta mor phism of the Merrimack Group and Cen tral Maine se -
quence may be of the same age as that of the Casco Bay Group,
that is, re lated to the Aca dian orog eny of Early De vo nian age,
but crit i cal geobarometer and geothermometer criteria are not
available at present to further refine these re la tion ships.

AC KNOWL EDG MENTS

I am ap pre cia tive of the sup port I have re ceived from the
Maine Geo log i cal Sur vey over the years I have been work ing in
the south ern Maine area, and the sev eral State Ge ol o gists, J. R.

Rand, R. G. Doyle, Wal ter An der son, and Rob ert Marvinney
who have given val ued coun sel and en cour age ment.  Many peo -
ple have con trib uted valu able ideas and posed con struc tive chal -
lenges to my in ter pre ta tions.  Among these are Wallace Bothner
of the Uni ver sity of New Hamp shire, Da vid West of Middlebury
Col lege, Philip Osberg of the Uni ver sity of Maine at Orono,
Allan Ludman at Queens Col lege, Da vid Stew art of the U.S.
Geo log i cal Sur vey in Reston, and Spike Berry and Rob ert
Marvinney of the Maine Geo log i cal Sur vey.  I am very grate ful
for their com ments.  I ap pre ci ate the co op er a tion of the Maine
De part ment of Trans por ta tion for mak ing the Casco Bay Bridge
(over the Fore River) core sam ples avail able.  Spike Berry de -
serves spe cial thanks for his care ful eval u a tion and ed i to rial sug -
ges tions for re vi sions of this re port.  Rob ert Tucker, head of the
car to graphic and pub li ca tions sec tion of the Maine Geo log i cal
Sur vey, de serves spe cial rec og ni tion and thanks for his skills in
organizing my scribbles into a technically proper and attractive
report.

REF ER ENCES  CITED

Berry, H. N., IV, and Hussey, A. M. II, 1998, Bed rock ge ol ogy of the Port land
1:100,000 quad ran gle, Maine and New Hamp shire:  Maine Geo log i cal
Sur vey, Open-File Map 98-1.

Bothner, W. A., and Hussey, A. M., II, 1999, Norumbega con nec tions:  Casco
Bay, Maine to Mas sa chu setts?, in Ludman, A., and West, D. P., Jr. (ed i -
tors), Norumbega fault sys tem of the North ern Ap pa la chians:  Geo log i -
cal So ci ety of Amer ica, Spe cial Pa per 331, p. 59-72.

Ferry, J. M., 1983, Re gional meta mor phism of the Vassalboro For ma tion,
south-cen tral Maine, USA:  A case study of the role of flu ids in meta mor -
phic petro gen esis:  Jour nal of the Geo log i cal So ci ety, Lon don, p.
551-576.

Hussey, A. M., II, 1971, Geo logic map of the Port land 15' quad ran gle, Maine: 
Maine Geo log i cal Sur vey, Geo logic Map GM-1, 1:62,500 scale; 19 p.
de scrip tive folder.

Hussey, A. M., II, 2003a, Bed rock ge ol ogy of the Port land East quad ran gle,
Maine:  Maine Geo log i cal Sur vey, Open-File Re port 03-90, 12 p. (map,
scale 1:24,000).

Hussey, A. M., II, 2003b, Bed rock ge ol ogy of the Prouts Neck quad ran gle,
Maine:  Maine Geo log i cal Sur vey, Open-File Re port 03-95, 8 p. (map,
scale 1:24,000).

Hussey, A. M., II, in press, Bed rock ge ol ogy of the Cape Elizabeth quad ran gle,
Maine:  Maine Geo log i cal Sur vey, Open-File Re port.

Hussey, A. M., II, and Berry, H. N., IV, 2002, Bed rock ge ol ogy of the Bath
1:100,000 map sheet, Maine:  Maine Geo log i cal Sur vey, Bul le tin 42, 50
p.

Hussey, A. M. II, and Marvinney, R. G., 2002, Bed rock ge ol ogy of the Bath
1:100,000 quad ran gle, Maine:  Maine Geo log i cal Sur vey, Open-File
Map 02-152.

Katz, F. J., 1917 , Stra tig ra phy of south west ern Maine and south east ern New
Hamp shire:  U. S. Geo log i cal Sur vey, Pro fes sional Pa per 108, p.
165-177.

Ly ons, J. B., Bothner, W. A., Moench, R. H., and Thomp son, J. B., Jr., 1997,
Bed rock geo logic map of New Hamp shire:  U. S. Geo log i cal Sur vey,
State Map Se ries, scales 1:250,000 and 1:500,000.

Swanson, M. T., 1999, Dextral transpression at the Casco Bay re strain ing bend,
Norumbega fault zone, coastal Maine, in Ludman, A., and West, D. P., Jr. 
(ed i tors), Norumbega fault sys tem of the North ern Ap pa la chians:  Geo -
log i cal So ci ety of Amer ica, Spe cial Pa per 331, p. 85-104.

12

A. M. Hussey II



Tomascak, P. B., and Fran cis, C. A., 1995, Geo chem is try and pe trol ogy of Perm -
ian pegmatites and gran ite in the Topsham-Bruns wick area, in Hussey,
A. M., II, and Johnston, R. A. (ed i tors), Guide book to field trips in south -
ern Maine and ad ja cent New Hamp shire:  New Eng land In ter col le giate
Geo log i cal Con fer ence,  85th An nual Meet ing, Oc to ber 6-8, 1995,
Bruns wick, Maine, p. 279-288.

West, D., Lux, D., and Hussey, A. M., II, 1993, Con trast ing ther mal his to ries
across the Fly ing Point fault, south west ern Maine:  ev i dence for Me so -
zoic dis place ment:  Geo log i cal So ci ety of Amer ica, Bul le tin, v. 105, p.
1478-1490.

13

Bedrock Geology of the Portland West Quadrangle, Maine




	03-94-portland-west
	bd-portland-west



