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AB STRACT

The main land por tion of the New bury Neck and Sals bury Cove 7.5' quad ran gles of coastal Maine is un der lain
pre domi nantly by low grade meta mor phic rocks of the Mid dle Cam brian Ells worth Schist.  The com mon va ri ety of
Ells worth Schist in cludes quartz- feldspar- muscovite- chlorite schist, green stone, and me tarhyo lite.  Two map pa ble
mem bers have been iden ti fied.  The Mor gan Bay Member, of pe li tic schist, quartz ite, and con glom er ate, is ex posed
only in the west ern part of the New bury Neck quad ran gle.  The Egypt Mem ber of the Ells worth, ex posed in the
north ern part of both quad ran gles, is pre domi nantly a feld spar por phy ro blas tic schist.  Age re la tion ships are
indeterminate.

A promi nent fo lia tion, with linea tion and re lated asym met ric structures sug ges tive of top- to- northwest or west
kine mat ics, var ies from sub ho ri zon tal across much of the New bury Neck quad ran gle to mod er ately dip ping on both
limbs of a late, large- scale an ti form east ward in the Sals bury Cove quad ran gle.  At the west edge of the New bury
Neck quad ran gle, the De vo nian Blue Hill plu ton dips gen tly east ward be neath the Ells worth Schist, which hosts a
con tact aure ole sev eral kilo me ters wide.  Else where, meta mor phic grade is in the lower green schist fa cies.  Post-
 metamorphic in ter me di ate to ma fic dikes are sparse, con sid er ing the prox im ity of an over ly ing, large plu tonic com -
plex on Mt. De sert Is land in the south ern part of the quad ran gles.

Per va sive bi mo dal ig ne ous sheets in the Ells worth Schist sug gest rift ing, per haps in a back- arc set ting, dur ing
the Mid dle Cam brian.  The main de for ma tional fab ric may rec ord em place ment of the Ells worth Schist over the St.
Croix sedi men tary mar gin to the north west prior to the pene tra tion of the Si lu rian and De vo nian mag mas, and de -
vel op ment of late struc tures as so ci ated with Mid dle Pa leo zoic ac cre tion of these rocks to North Amer ica.

IN TRO DUC TION

Lo ca tion and pre vi ous work

The study area is on the main land por tion of the New bury
Neck and Sals bury Cove 7.5' quad ran gles which con sti tute the
north ern half of the Mount De sert 15' quad ran gle; the Ells worth
15' quad ran gle is ad ja cent to the north (Fig ure 1).  Most of the
study area is in the Han cock County towns of Surry, Tren ton, and 
Lamoine.  The south ern parts of the quad ran gles in clude the
north ern part of Mt. De sert Is land.  The ge ol ogy of Mt. De sert Is -
land, pre vi ously mapped by Gil man and Chap man (Gilman and
oth ers, 1988), was not in cluded in the pres ent study, though it is
shown on the maps (Re usch and Ho gan, 2002; Re usch, 2003).

Jackie De laine McGre gor did geo logic map ping in the
Ells worth 15' quad ran gle at a scale of 1:62,500, which was the

ba sis of his Ph. D. the sis (McGre gor, 1964).  The west ern part of
the New bury Neck quad ran gle was in cluded in the 1:62,500-
 scale map of north ern Pe nob scot Bay by Stewart (1998).  And
Hib bard (1995) did re con nais sance in ves ti ga tions at Lamoine
State Park in the Sals bury Cove quad ran gle.

Re gional geo logic set ting

The map area lies en tirely within the Ells worth ter rane
(Stewart, 1998) of coastal Maine.  The Ells worth ter rane is
bounded by the St. Croix ter rane to the north west and by the Gulf 
of Maine to the south east.  Early Pa leo zoic pa leo mag netic evi -
dence for high south ern pa leo lati tudes and Mid dle Paleozoic
fau nal provinciality in di cate that the Ells worth ter rane formed
near the Gon dwa nan su per con ti nent, across the Ia pe tus Ocean
from Lau ren tia; hence it is con sid ered a peri- Gondwanan ter rane 

1



(Brook ins and oth ers, 1973; van Staal and oth ers, 1998;
Mac Niocaill and oth ers, 1997).  It was proba bly ac creted to
North Amer ica by De vo nian time.  Ques tions re main about the
ori gin of the Ells worth Schist and the re gional sig nifi cance of its
de for ma tion.

Ba sis of study

Thirty vis its (179 sta tions) were made to the New bury
Neck quad ran gle be tween Sep tem ber 5 and De cem ber 4, 2000,
and six teen vis its (174 sta tions) to the north ern part of the Sals -
bury Cove quad ran gle be tween Sep tem ber 6 and De cem ber 14,
2001.  Ori ented thin sec tions were made from around a dozen
sam ples.

The dis tri bu tion of Qua ter nary sedi men tary de pos its con -
trols bed rock ex po sure.  Ex cel lent shore line out crops, in clud ing
wave- cut plat forms and cliffs, oc cur on even low- angle shore -
lines where wave ac tion is ef fi cient and over bur den thin. Thick
till and gla cial out wash ob scure bed rock in sev eral large parts of
the map area (Borns, 1974; Thomp son and Borns, 1985).  For ex -
am ple, there is ex ten sive gla cioma rine sedi ment (Pre sump scot
For ma tion) on the Tren ton pen in sula, in Goose Cove (NN)*, and 
at the head of Un ion River Bay (NN); mo raine ridges south of the 
Car ry ing Place on New bury Neck and south of Heath Brook on
the Tren ton pen in sula (NN); and till along the south shore of Pat -

ten Bay (NN).  Along the east shore of Un ion River Bay, many
large slabs of rock are lo cally de rived.  A large esker- delta com -
plex hides bed rock east of the Jor dan River (SC)* whereas bed -
rock is al most com pletely ex posed along the Skill ings River a
few kilo me ters to the east (SC).

STRA TIGRA PHY

Ells worth Schist

Strati fied rocks in the study area are all as signed to the Ells -
worth Schist, subdi vided into three units (Fig ure 2).  The main
por tion of the for ma tion con sists of meta vol can ic and
metasedimentary rocks.  The Mor gan Bay Mem ber con sists
domi nantly of metasedimentary rocks.  Dis tinc tive meta mor phic 
rocks at the north ern part of the study area are as signed to the
Egypt Mem ber.   The to tal thick ness of these units is be tween 4
and 7 km, based on geo logic and seis mic data (Stewart, 1998).
Stra tigraphic re la tion ships among the units are un cer tain be -
cause of a pau city of pri mary top ping in di ca tors, in ten sity of de -
for ma tion, and lack of ex po sure at the con tacts.

The Ells worth Schist was origi nally de fined by Smith and
oth ers (1907) from “abun dant ex po sures” in the city of Ells -
worth, even though their map area was to the west of Ells worth,
in Pe nob scot Bay.  In the Ells worth 15' quad ran gle, McGre gor
(1964) sub di vided the Ells worth Schist, ap ply ing the name
“Lamoine group” to non- porphyroblastic schists, green stones,
and me tarhyo lites ex posed in the south ern part of the Ells worth
quad ran gle.  Since these rocks are in dis tin guish able from the
bulk of the Ells worth Schist mapped to the west (Stewart, 1998),
the name Lamoine group of McGregor is conis dered un nec es -
sary and is not followed here.  The rocks at Lamoine are mapped
as just Ells worth Schist, undifferentiated.

In the Newbury Neck and Salsbury Cove quad ran gles, un -
dif fer en ti ated Ellsworth Schist (Ce) ex tends from the east side of 
the Skillings River (SC) south of Young’s Point, south west ward
to the south end of Newbury Neck (NN).  The char ac ter is tic rock
is a white-weath er ing, dark green quartz-feld spar-mus co -
vite-chlorite schist that con sists of 1-20 mm-thick quartz and
feld spar-rich lami na tions al ter nat ing with films and lenses of
mus co vite-chlorite schist (Fig ure 3).  The quartz-feld spar lami -
na tions have an equigranular (on av er age 0.3 mm) po lyg o nal
tex ture.  A typ i cal ra tio of quartz and feld spar to phyllosilicates
(QF:PS) is 2:1 (McGregor, 1964), which may be com pat i ble
with a rhy o lite ash or im ma ture volcaniclastic sed i men tary
protolith (see fur ther dis cus sion be low). The compositional lay -
er ing, of quartz-feld spar lami na tions al ter nat ing with
phyllosilicates, is con sid ered to be meta mor phic in or i gin,
formed at lower greenschist con di tions.  Fea tures such as graded
or cross-beds that are di ag nos tic of pri mary strat i fi ca tion are ab -
sent; rather, seg re gated meta mor phic min er als de fine the lay ers. 
(See op po site view pre sented by Bouley, 1978.)  Quartz veins,
lenses, pods, and ir reg u lar masses are abun dant. The rocks are
poorly strat i fied, al though me dium-bed ded feldspathic sand -
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Fig ure 1.  Lo ca tion of New bury Neck and Sals bury Cove 7.5' quadran -
gles and pre vi ous work.  Names of se lected 15' quad ran gles are shown.
DBS = Stewart (1998); JDM = McGre gor (1964); G&C = Gil man and
Chap man (1988).

* In this re port, (NN) in di cates places in the New bury Neck quad ran gle, and (SC) in di cates
places in the Sals bury Cove quad ran gle.



stones are pres ent on Goose Rock (NN) and north west of Al ley
Is land (NN), which two oc cur rences are pos si bly the same ho ri -
zon.  An ex ten sive unit of phyllosilicate-rich schist oc curs along
High Head (NN).

Ig ne ous sheets within the Ells worth Schist are ubiq ui tous
and com prise a strongly bi mo dal as sem blage of green stone (me -
ta ba salt) and me tarhyo lite (Fig ure 4).  These lay ers range in
thick ness from sev eral cen ti me ters to sev eral me ters, but are
typi cally 0.1-1 m thick.  They are pre suma bly tuffs, rather than
flows or sills, be cause they lack chilled mar gins, bases, or tops,
and many are too thin to be flows.  They are in ter nally fo li ated,
and thus were clearly af fected by the same ther mal and me chani -
cal events as the en clos ing schist, but be haved more rig idly.
Green stones typi cally con tain mm- sized feld spars, which are
com monly bro ken and de fine a min eral linea tion.  The green
color is caused by chlo rite, ac ti no lite, and mi nor epi dote.  Me -
tarhyo lites are gray, weather cream to white, in varia bly con tain
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Fig ure 2.  Gen er al ized geo logic map of the Newbury Neck and Salsbury Cove 7.5' quad ran gles.  Strat i fied units: Ce = Ellsworth
Schist; Cem = Mor gan Bay Mem ber of the Ellsworth Schist; Cee = Egypt Mem ber of the Ellsworth Schist; Sbh = Bar Har bor For ma -
tion.  Plutonic rocks: LGG = Lamoine Gran ite Gneiss; CMIC = Ca dil lac Moun tain In tru sive Com plex; BH = Blue Hill pluton; TP =
dike at Tim ber Point.  (Adapted from Reusch and Ho gan, 2002; and Reusch, 2003)

Fig ure 3.  Thinly interlayered white quartz-feld spar rock and gray -
ish-green mus co vite-chlorite schist typ i cal of the Ellsworth Schist. 
(Photo 1 of Reusch, 2003)



traces of mm- sized py rite, and vary from aphy ric to quartz and/or 
feldspar- phyric. Con spicu ous white- weathering rocks with
quartz and/or feld spar phe no crysts are thought to be crys tal tuffs
(e.g., High Head); a pum ice frag ment con firms a py ro clas tic ori -
gin at lo ca tion 164 south east of South Surry (NN) (Fig ure 5).

Evi dence con strain ing the de po si tional en vi ron ment of the
Ells worth Schist is sparse.  Stewart (1998) pro posed that typi cal
Ells worth rocks ac cu mu lated in a ma rine en vi ron ment within a
con ti nen tal rift.  Iron- manganese pre cipi tates else where in the
Ells worth Schist sug gest ma rine con di tions.  If the thin lami na -
tions that are here con sid ered to have a meta mor phic ori gin were
in stead de rived from pri mary si li ceous ooze and pe lagic clay
(Bouley, 1978), then a distal marine setting is implied.  Al ter na -
tively, in the pres ent map area, rare mas sive lay ers pos si bly rep -
re sent welded tuffs, which would sug gest subaerial depo si tion.

The quartz con tent of the Ells worth Schist, which ranges
from 30-45% (McGregor, 1964), most likely re flects a fel sic ig -
ne ous pro to lith, here in ter preted to be fel sic py ro clas tic ma te ri -
als of rhyo litic com po si tion.  This com po si tion im plies melt ing
of sialic crust.  The al ter na tive ori gin of the schist as meta mor -
phosed si li ceous ooze and pe lagic clay would not carry this im -
pli ca tion.  Re gard less of the in ter pre ta tion of the schist it self, the
in ter ca lated bi mo dal ig ne ous sheets re flect par tial melt ing of
both the man tle and sialic crust, which points strongly to ori gin
in an ex ten sional tec tonic set ting, ei ther in a con ti nen tal rift
(Stewart, 1998) or a back- arc set ting.

Mor gan Bay Mem ber (new name) (Cem).  The Mor gan Bay 
Mem ber, here named for Mor gan Bay in the New bury Neck
quad ran gle, is ex posed along Mor gan Bay and New bury Neck
north of High Head.  Pre vi ously, it was not dif fer en ti ated from
the Ells worth Schist (Os berg and oth ers, 1985; Stewart, 1998).
It com prises pe li tic schists, im pure quartz ites, and mi nor con -
glom er ate to gether with green stones and me tarhyo lites that may
be sills (Fig ure 6).  Pe li tic lay ers are con spicu ous in the field
where an da lu sites have grown within the con tact aure ole of the
Blue Hill plu ton. It is typi cally medium- bedded (10- 30 cm). The
Smelt Brook Con glom er ate, a promi nent 30 cm- thick con glom -
er ate bed ex posed on ei ther side of Mor gan Bay, con tains a few
dis cerni ble clasts of fel sic ig ne ous rocks (Fig ure 7).  It is map pa -
ble at 1:24,000 scale only be cause its nearly hori zon tal dip pro -
duces a sig nifi cant breadth of out crop.

A

B

C
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Fig ure 4.  Ig ne ous sheets in the Ellsworth Schist.  A. Thin greenstone
sheets.  B. Two rhyolite sheets of me dium thick ness.  C. In ter leaved
mafic and fel sic rocks within a bi modal ig ne ous layer sev eral me ters
thick.

Fig ure 5.  Pum ice frag ment in the Ells worth Schist, demonstrat ing an
ex tru sive py ro clas tic ori gin.



Be tween the head of Mor gan Bay and Browns Point (NN),
there are green stone and me tarhyo lite sheets which may in trude
the for ma tion.  They lo cally dis play (fo li ated) gab broic tex ture
(Fig ure 8) and pos si ble chilled mar gins (Fig ure 9).  They are
typi cally 10 cm thick, but range from sev eral cen ti me ters to as
much as a few me ters. Ar gua bly, these ig ne ous sheets in the Mor -
gan Bay Member rep re sent feed ers to very simi lar ig ne ous
sheets else where in the Ells worth Schist that are con sid ered ex -
tru sive.

The con tact be tween the the Mor gan Bay Mem ber and un -
dif fer en ti ated Ells worth Schist is poorly lo cated and pos si bly
gra da tional.  The rest of the Ells worth may be younger than the
Mor gan Bay Member if ig ne ous sheets, which ap pear to be ex -
tru sive de pos its in or di nary Ells worth, con sti tute sills within the
Mor gan Bay Member.

The sin gle con glom er ate bed in the Mor gan Bay Member
in di cates mod er ate prox im ity to an erod ing source area which in -
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A B

A B

Fig ure 8. Rel ict gabbroic tex ture in mafic sheet from the Mor gan Bay
Mem ber, sug gest ing it was an in tru sive rock.  The curved fo li a tion is a
youn ger deformational fea ture.  (Photo 4 of Reusch and Ho gan, 2002)

Fig ure 7.  Rocks of the Smelt Brook Con glom er ate.  A. En tire bed rest ing on schist.  B. Close-up of gran ite peb ble in con glom er ate.
(Webber Cove, NN)

Fig ure 6.  Rocks of the Mor gan Bay Mem ber of the Ellsworth Schist.  A. Compositional lay ers of schist and quartz ite.  Note ham mer
for scale.  B.  Thick quartz ite bed with deformational S-C struc ture.



cluded fel sic in tru sive rocks.  If the ig ne ous sheets are sills, then
the Mor gan Bay Member rep re sents a domi nantly sedi men tary
se quence.  No other in di ca tors di ag nos tic of de po si tional en vi -
ron ment have been rec og nized.

Rhyo lite of Goose Cove (Cer).  Lo cally, metarhyolite of the
undifferentiated Ellsworth Schist crops out sufficiently to be
shown as a separate map unit. The poorly exposed Rhyolite of
Goose Cove is gray, weathers cream to buff, contains traces of
pyrite, and carries the same fabric as adjacent schists. McGregor
(1964) correlated this unit with the Lamoine granite gneiss,
which here is viewed as the high-level intrusive equivalent.

Egypt Mem ber (new name) (Cee).  The Egypt unit was one
of the in for mal sub di vi sions of the Ells worth Schist pro posed by
McGre gor (1964) for feldspar- porphyroblastic schists, green -
stones, and am phi bo lites pre served in the core of a late syn form
east of Ells worth.  The name is here adopted as a mem ber of the
Ells worth Schist.  It is named for the coastal vil lage of Egypt,
about 7 miles east of Ells worth near the Hancock- Franklin town
line.  Some of these rocks, north of the pres ent study area, are in -
di cated on the state bed rock map as a vol canic mem ber of the
Ells worth Schist (Os berg and oth ers, 1985, their map sym bol
OZev).

The Egypt Mem ber crops out in the northern part of the
Sals bury Cove sheet and north east ern part of the New bury Neck
sheet (Fig ure 2).  Meter- sized and larger slabs of this unit are
com mon along the east shore of the Un ion River north of Mill
Cove (NN). Its thick ness is on the or der of a kilo me ter.

In the map area, the Egypt Mem ber con sists of dark,
feldspar- phyric schists (Fig ure 10). Ini tially, I thought the feld -
spars were crys tals in crystal- vitric tuffs, however I now view
them as por phyroblasts based on the presence of garnet and
tourmaline porphyroblasts elsewhere in this unit (McGregor,
1964) and on feldspar concentrations that are locally too high for
a pyroclastic origin.  The ma trix is chlorite- rich. Thin (1-5 mm),
gen tly un du lat ing, smeared quartz veins are com mon.  The ra tio
of quartz and feld spar to phyl lo sili cates (QF:PS) is com monly in

the 1.0-1.5 range (McGre gor, 1964), mak ing it darker than nor -
mal Ells worth Schist.  Bio tite is pres ent in thin sec tion, and
McGre gor con sid ered the base of the Egypt unit to co in cide with
the bio tite iso grad. North of the map area, the Egypt unit in cludes 
green stones and an oc cur rence of black, fine- grained am phi bo -
lite.

McGre gor (1964) re ported a greater in ten sity of small-
 scale iso cli nal folds in the Egypt Mem ber than in or di nary Ells -
worth Schist.  Along the east shore of the Un ion River, rocks
near the base of the Egypt Mem ber dis play a pro nounced linea -
tion on a sub ho ri zon tal fo lia tion; also, slick en sides are com mon
in the large slabs near Mill Cove (NN).  In one of the few out -
crops in this area (lo ca tion 00- 171), sig moi dal quartz veins step
up to the north west, in di cat ing top- to- northwest kine mat ics. The 
ap par ent lo cal iza tion of strain near the south ern con tact of the
Egypt Member sug gests a thrust re la tion ship based on the oc cur -
rence of bio tite and higher- grade rocks above chlorite- grade
rocks. The con tact near Youngs Point (east side of Skillings
River just north of the Sals bury Cove quad ran gle), pre vi ously
the best ex po sure, is re ported to be con cor dant with lay er ing
(McGre gor, 1964).  Un for tu nately, this lo ca tion now ap pears to
be smack in the mid dle of a fish proc ess ing plant.  In Mill Cove
and along the western shores of the Jordan and Skillings Rivers, I 
can not rule out the possibility of a late, steeply-dipping fault at
the southern margin of the Egypt Mem ber.

Stewart (1998) con sid ers the Egypt Member to be younger
than the Ells worth Schist based on its struc tural po si tion above
the lat ter.  It is, how ever, likely to be older or the same age as the
ad ja cent Ells worth Schist if its lower con tact is a thrust fault.  In a 
con sis tent fash ion, Stewart also cor re lates green stones of the
Egypt Mem ber with a ma fic unit at the south end of Long Is land
in Blue Hill Bay and with the North Ha ven Green stone in Pe nob -
scot Bay (Stewart, 1998).  In sup port of this cor re la tion, a gla cial
boul der at Lamoine Beach, pre suma bly de rived from the Egypt
Mem ber to the north, is litho logi cally iden ti cal to cer tain green -
stones at the south end of Long Is land in that they both con tain
dis tinc tive ho ri zons of white, fel sic lap illi.
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Fig ure 10.  Feld spar por phy ro blasts in chlorite- muscovite schist char -
ac ter is tic of the Egypt Mem ber of the Ells worth Schist.

Fig ure 9.  Mafic dike in the Mor gan Bay Mem ber with darker mar gins
in ter preted as a finer-grained, chilled tex ture. (Browns Point, NN)



The de po si tional en vi ron ment of the Egypt Mem ber is pos -
si bly more dis tal than that of the un der ly ing Ells worth Schist
based on its greater abun dance of phyl lo sili cates.  In ad di tion,
whereas the Egypt Mem ber also con tains ma fic lay ers, it does
not con tain the rhyo lite lay ers com mon else where in the Ells -
worth (McGre gor, 1964) sug gest ing the ab sence of a sialic base -
ment.  If the ar gu ments above hold and if the de po si tional site of
the Egypt Mem ber lay to the south east, then the sedi ment source
area may have lain to the north west.

Age and cor re la tion of the strat i fied rocks

The Mor gan Bay Member has no known cor rela tives,
though it may be that equiva lent sedi men tary rocks else where
are cur rently mapped within the Ells worth Schist.

A Mid dle Cam brian age is as signed to the Ellsworth Schist, 
based on a high-pre ci sion U-Pb zir con age of 509 ± 1 Ma from
two lay ers of rhy o lite tuff col lected ap prox i mately 10 km south -
west of the map area (R. D. Tucker in Stew art and oth ers, 1995;
Stew art, 1998).  The Ellsworth Schist may grade lat er ally into, or 
un der lie, the pre-Si lu rian North Ha ven Greenstone of Penobscot
Bay.

West of the map area, the Castine Volcanics over lie the
Ellsworth Schist (Smith and oth ers, 1907; Stew art, 1998).  Peb -
bles of schist in the basal con glom er ate of the Castine Volcanics
sug gest an an gu lar un con formity (Stew art and Wones, 1974;
Stew art, 1998).  Late Cam brian ages of 503 ± 4 (Ruitenberg and
oth ers, 1993) and 502 ± 4 (R. D. Tucker in Stew art, 1998) have
been de ter mined for the Castine Volcanics, which is con sis tent
with its in ter preted po si tion above the Ellsworth Schist.

IN TRU SIVE  ROCKS

Lamoine Gran ite Gneiss (SClg)

A fo li ated gran ite sill ex tends from Lamoine State  Park to
Lamoine Beach (SC).  It is on the or der of a hun dred me ters
thick, car ries the same fab ric as the en clos ing Ells worth Schist,
and dips mod er ately south (Fig ure 11).  Quartz and feld spar crys -
tals are uni formly sev eral mil li me ters in di ame ter.  Ex posed sur -
faces weather light gray, and frac ture sur faces are com monly
very rusty.  This sill is proba bly an in tru sive equiva lent of the ex -
tru sive rhyo lites of the Ellsworth Schist.  In par ticu lar, it may be
a feeder for the Rhyo lite of Goose Cove (Re usch and Ho gan,
2002), which is ex posed 7 km to the west- southwest (NN).

Un de formed green stone dikes

Two ex am ples of un strained green stone dikes which ap -
pear to trun cate the main fo lia tion of the Ells worth Schist were
iden ti fied in the New bury Neck quad ran gle, one at High Head,
and the other at Wey mouth Point. These dikes re sem ble the Ells -
worth green stones in their de gree of meta mor phism, but seem to
post date the main fab ric de vel op ment. North of Wey mouth

Point, the green stone ap pears to trun cate the main fo lia tion. At
High Head, the post- deformation age of a green stone dike is less
cer tain be cause it is a large, com pe tent body in weak ma trix. Pos -
si bly, these dikes were feed ers for the weakly meta mor phosed
and little- deformed Castine Vol can ics.

Gab bro of Thomp son Is land (DSgb)

A pre vi ously un mapped small gab bro body oc cu pies the
north west half of Thomp son Is land (SC). It is equi granu lar and
be comes dia ba sic in tex ture to wards its mar gins. It is most likely
re lated to ex ten sive ig ne ous rocks ex posed nearby on Mt. De sert
Is land and is con sid ered to be Late Si lu rian.

A small northwest- trending dike of un de formed dia base to
gab bro is lo cated in the tidal zone east and south of Crip pens
Brook (SC). It has a chilled mar gin against gran ite to the west. Its 
ex ten sions have not been lo cated ei ther to the north west or
south east. 

Gran ite at Crippens Brook (Sgr)

A 200- meter- wide body of gran ite is poorly ex posed on the
west shore of the Jor dan River south of Crip pens Brook (SC).  It
is medium- grained equi crys tal line gran ite and ap pears not to be
de formed.  Its north west ern con tact trends north east.  McGre gor
(1964) and Os berg and oth ers (1985) viewed this gran ite as a fel -
sic layer in the Ells worth Schist, but its rela tively un de formed
state sug gests it may be Si lu ri an -De vo nian. 

Tim ber Point dike (DOr)

A rhyo lite dike sev eral me ters wide ex tends north-
 northeastward from Lamoine Beach to Tim ber Point (SC). Flow
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Fig ure 11.  Fo li ated gran ite of the Lamoine Gran ite Gneiss.  (East of
boat ramp, Lamoine State Park)



lami na tions are gen er ally par al lel to the mar gins and lo cally
folded.  It in trudes the Lamoine Gran ite Gneiss (Fig ure 12).  This 
dike is the only can di date in the map area for a feeder to the large
over ly ing gran ite mass on Mt. De sert Is land.  If so, then its age is
Late Si lu rian.

Blue Hill plu ton (Dge, Dgs, Dgl)

The Blue Hill plu ton, at the west ern edge of the New bury
Neck quad ran gle, com prises two va rie ties of coarse- grained
sye no gran ite (Dge, Dgs). A re lated leu co gran ite sill (Dgl),
capped with peg ma tite, crops out on the west side of Mor gan
Bay, in Webber Cove and up the hill to the west.  The peg ma tite
con tains tour ma line and mus co vite (Fig ure 13).  It is on the or der
of tens of me ters thick and dips gen tly south east be neath Mor gan 
Bay par al lel to the main fo lia tion of the Ells worth Schist.  Its
con tacts are sharp.

In the con tact aure ole of the plu ton, pe li tic lay ers of the
Ells worth Schist con tain cm- sized an da lu sites (Fig ure 14), and
small, el lip ti cal shapes suggest pos si bly cord ier ite also.  Out -
ward from the plu ton, the color of the Ells worth Schist changes
from gray above the bio tite iso grad to green in the chlo rite zone
be low.  Tour ma line is pres ent near Browns Point.  Heat from the
plu ton proba bly fur ther de hy drated the over ly ing schists, but the
abun dant de formed quartz veins are clearly re lated to an event
that pre dates the con tact meta mor phism.

Late dikes

Un meta mor phosed late dikes are un com mon. They are
pres ent in the New bury Neck quad ran gle at the north end of
Mor gan Bay, Browns Point, north of Al ley Is land (these three
may be con nected), and High Head, and in the Sals bury Cove
quad ran gle at Lamoine and the north end of the Skill ings River.
Most of these dikes are on the or der of a me ter wide. They have
ma fic to in ter me di ate com po si tions and are fine- grained with
chilled mar gins in di cat ing high- level em place ment into cold
rocks. Most dip steeply. The age of the dikes is in ferred to be ei -
ther Silurian- Devonian, as so ci ated with the large plu tons of
these pe ri ods, or Meso zoic, as so ci ated with rift ing of the Gulf of
Maine. Prior to map ping, I ex pected to find clear ex am ples of
gran ite dikes that fed the Mt. De sert Is land mag mas. The scar city 
of gran ite dikes sug gests that there might have been post-
 intrusion fault dis place ment in the in ter ven ing, largely sub -
merged area.

META MOR PHISM

The con tact aure ole of the Blue Hill plu ton over prints a low 
grade re gional metamor phism that af fects all the strati fied rocks.
The Ells worth Schist is re gion ally meta mor phosed to lower
green schist fa cies.

McGre gor (1964) re ports fine- grained bio tite in thin sec -
tion from the Egypt Mem ber of the Ells worth, and he con sid ered

the south ern con tact of the Egypt Member to co in cide with the
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Fig ure 13.  Peg ma tite with black tour ma line and mus co vite from the
Blue Hill plu ton.  (Photo 10 of Re usch and Ho gan, 2002.)

Fig ure 14.   An da lu site por phy ro blasts in pe li tic rock of the Ells worth
Schist.  In the con tact aure ole of the Blue Hill plu ton.  (Photo 11 of
Reusch and Ho gan, 2002.)

Fig ure 12.  Un meta mor phosed rhyo lite dike of Tim ber Point with flow
lami na tions (lower part of photo) in trudes rusty- weathering rocks of the 
Lamoine Gran ite Gneiss.



bio tite iso grad.  Ad di tional work is needed to test whether this is
in deed the south ern limit of bio tite, and if so whether it is a true
re ac tion iso grad or merely a “first oc cur rence” iso grad, re flect -
ing a  bulk com po si tion in the Egypt Mem ber with slightly
higher Fe to Mg ra tio, for ex am ple.  Parts of the Egypt Mem ber to 
the north of the map area in clude fine- grained black am phi bo -
lites, but the pet ro logic sig nifi cance of these rocks is also un cer -
tain.

The fo lia tion in the Lamoine Gran ite Gneiss is de fined by
mus co vite and chlo rite, in di cat ing that it was meta mor phosed at
green schist fa cies to gether with the en clos ing Ells worth Schist.

STRUC TURAL  GE OL OGY

The main fab ric of the meta mor phic rocks

The main fab ric com prises sev eral ele ments: com po si -
tional lay ers (quartz- rich vs. phyl lo sili cates), the main fo lia tion
(Hib bard, 1995) con sist ing of aligned phyl lo sili cate min erals,
min eral linea tion, small- scale folds, sigmoid- shaped quartz bod -
ies, and S-C fab ric. 

The main fo lia tion is al most eve ry where par al lel to the
com po si tional lay ers. No where was I able to dis cern a clear
axial- planar re la tion ship be tween aligned phyl lo sili cates and
folded com po si tional lay ers, such as a high an gle be tween the fo -
lia tion and lay ers at fold hinges.  The main fo lia tion was there -
fore op era tion ally meas ured on a plane par al lel to ei ther the
schis tos ity in phyllosilicate- rich sec tions or the al ter nat ing
quartz/feldpar- phyllosilicate lay ers.  Bouley (1978) de scribed a
simi lar re la tion ship in the Ells worth Schist to the west of the map 
area.  Tentatively, the metamorphic foliation formed prior to the
small-scale asymmetric folds.

A min eral linea tion is weakly to strongly de vel oped within
the plane of the main fo lia tion. It is most clearly de fined by elon -
gate quartz crys tals on the tops of me tarhyo lite sheets (Fig ure
15) and by trains of bro ken feld spars on the sur faces of some
green stones.  In rhyo lites, this linea tion may also be ex pressed
by trains of py rite.  In one out crop near Heath Brook (NN), the
py rite has pres sure shad ows, with quartz ex ten sion fi bers.  In
schists, quartz rods are pres ent lo cally, some of which seem to be
thick ened very small- scale fold hinges. The linea tion is gen er -
ally poorly de vel oped in the phyl lo sili cate lay ers. 

In large ar eas of the New bury Neck quad ran gle, the main
fo lia tion dips gen tly south east and the main linea tion plunges
gen tly south east (Fig ure 16). In the Sals bury Cove quad ran gle,
these have been folded on a late east- northeast- trending an ti form
but ini tially seem to have had the same sub ho ri zon tal ori en ta tion
(Fig ure 17).

Sev eral ele ments of the main fab ric are po ten tial kine matic
in di ca tors. These in clude per va sive cm- scale, tight to iso cli nal
folds, sigmoid- shaped quartz veins, and S-C fab rics (pres ent lo -
cally in quartz ites) (Fig ure 18).  The folds are most com monly
de vel oped in thin quartz lami na tions; again, it has not been pos -
si ble to dem on strate an axial- planar re la tion ship with the main

fo lia tion.  The hinge lines, which are mostly at acute an gles to the 
linea tion,  de fine a great cir cle (Fig ure 16) that is co in ci dent with
the main fo lia tion.  This spread of hinge lines around the
lineation suggests random exposures through sheath folds.  Ver -
gence ranges from north through west to south west, which is
con sis tent with top- to- northwest kine mat ics.
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Fig ure 15.  Min eral linea tion in the fo lia tion plane of a rhyo lite sheet in
the Ells worth Schist.

Fig ure 16.  Ori en ta tion of struc tural el e ments in the Newbury Neck
quad ran gle.  Poles to bed ding are con toured in blue (N=81, con tour in -
ter val 5% per 1% area).  Poles to main fo li a tion are con toured in green
(N=198, C.I.=2% per 1% area).  Main stage lineations are con toured in
red (N=86, C.I.=2% per 1% area).  In di vid ual fold hinges, plot ted in
black dots (N=56), fall along a best-fit great cir cle whose pole (P)
closely ap prox i mates the av er age pole to fo li a tion.  (All ste reo grams are 
lower hemi sphere, equal area pro jec tions.)
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Fig ure 17.  Ori en ta tion of main stage fea tures in the Salsbury Cove quad ran gle.  A.  Poles to main fo li a tion (N=92).  Best fit great cir -
cle has a pole at P, the ap prox i mate axis of the Tren ton-Han cock antiform.  B. Lineations (black dots, N=42) and mi nor fold axes
(open squares, N=15) plunge gently to the north west or to the south east on op po site limbs of the antiform.

Fig ure 18.  Ki ne matic in di ca tors re lated to the main meta mor phic fab ric con sis tently show top-to-the-north west move ment.  A.
Asym met ric mi nor folds over turned to the north west (right).  B.  Asym met ric folds over turned to the north west (left).  C.  Asym met ric 
quartz veins in top-to-the-north west (left) shear fab ric.  D.  A sin gle quartz layer is af fected by fold ing and by step-up struc ture with
con sis tent asym me try.  (Bluff Point, NN)

BA

C D



Sigmoid- shaped fea tures, most com monly quartz lenses,
step up to the north west, con sis tent with the asym me try of the
folds (see photo of same quartz layer af fected by fold and step-
 up) (Fig ure 18D).  The S-C fab rics in quartz ites agree with these
kine mat ics. Small- scale struc tures, es pe cially folds, are lo cally
well- developed along the con tacts be tween ig ne ous sheets and
ad ja cent schist, pre suma bly due to a com pe tency con trast.

Northeast- striking ex ten sional quartz veins in me tarhyo lite
sheets may have formed af ter the peak or to wards the end of the
main de for ma tion event. They clearly cut the main fab ric, but
seem spa tially re lated to it.  Locally, the conjugate fractures
intersect at a small angle and are nearly perpendicular to the
extension direction, which suggests low lithostatic pressure and
a high structural level (Twiss and Mo ores, 1992, p. 175).  

Two oc cur rences of mé lange, one on High Head and the
other just north of Cur tis Cove (NN), con sist of green stone
blocks in pe li tic ma trix.  These oc cur rences in di cate in tense de -
for ma tion and large duc til ity con trast, fea tures typi cal of ac cre -
tion ary com plexes, though not di ag nos tic.  The thinned
over turned limb on a small- scale fold north of Pat ten Bay (Fig -
ure 19) may be a geo met ri cal model for a much larger- scale
nappe struc ture.

The over all char ac ter of the main de for ma tion im plies
short en ing and thick en ing and sug gests an ac cre tion ary wedge
set ting.  Lo cal mé lange de vel op ment and abun dant quartz veins
are con sis tent with this tec tonic set ting.  Strongly deformed
metamorphic layers and quartz veins indicate continued
movement following the achievement of greenschist conditions,
irrespective of whether these conditions were caused by primary
hydrothermal activity, sedimentary burial, or tectonic burial.
Inherently reactive materials are likely to have promoted this
meta mor phism.  An independent metamorphic event most likely
related to Silurian magmatism caused the equi granu lar-
polygonal textures within quartz-feldspar laminations.

Cre nu la tion cleav ages were noted lo cally, but their sig nifi -
cance is un clear. On Burnt Point (NN), a locally-developed
crenulation cleavage, which is axial planar to folds with
southeast-dipping limbs, seems to be kinematically related to the 
main fabric.  In the Skill ings River area (SC), a cre nu la tion
cleav age is lo cally de vel oped; it is a spaced cleav age with mi cro -
lithons sev eral mil li me ters thick, and dips gen tly north east.  Het -
ero ge ne ous de vel op ment of cre nu la tion in ter sec tion linea tion on 
fo lia tion sur faces are com mon (Fig ure 20).

Late folds

The main fab ric is af fected by a va ri ety of late folds that are
not pene tra tive and are gen er ally dif fi cult to in ter pret.

Me ter and larger- scale southeast- vergent  folds are pres ent
in a few lo ca tions, such as the west- central shore of New bury
Neck.  These “back folds” are more open and larger- scale than
the main gen era tion folds.  On the south east shore of the Skill -
ings River (SC) near the east ern edge of the map area, how ever,
the style of southeast- vergent folds is not sig nifi cantly dif fer ent
from those of the main gen era tion.

The Trenton- Hancock an ti form was first iden ti fied by
McGre gor (1964).  Its sub ho ri zon tal axis trends roughly east-
 west through Han cock Point (just east of the study area) and the
Lamoine and Tren ton pen in su las; it may loosely con nect with
the an ti form at High Head (NN). The Trenton- Hancock an ti form
is sev eral kilo me ters wide, is open and up right in the Sals bury
Cove quad ran gle and be comes more asym met ric to the south -
west in the east ern New bury Neck quad ran gle, where it has a
moderately- dipping south east limb and gently- dipping north -
west limb. The late folds at High Head in clude a com plex se ries
of NNE- trending an ti forms and syn forms. For ex am ple, north -
west of Cur tis Cove, the main fo lia tion dips and the linea tion 
plunges anoma lously north west.  In this area, the crum pling is
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Fig ure 20.  Fo li a tion sur face show ing two lineations.  The main phase
lineation trends north west (par al lel to the pen).  The crenulation cleav -
age, which trends east-west, is well de vel oped in the up per left and
right-cen ter parts of the photo.  (East of Con ten tion Cove, NN)

Fig ure 19.  Mi nor fold in which the over turned limb has been thinned.
This ge om e try may be sim i lar to the larger-scale struc ture of the
Newbury Neck quad ran gle.  (Con ten tion Cove, NN)   



lo cal ized to a zone ap proxi mately ½ km wide.  Meter- scale
asym met ric folds weather promi nently with nar row spines be -
tween flat limbs; the hinge lines are an as to mos ing in plan view.

Cre nu lated phyl lo sili cates, com mon through out the map
area, are most ob vi ous when viewed nor mal to the main fab ric.
Most hinge lines trend east- west (Fig ure 21), which sug gests a
re la tion ship with the larger- scale late folds; lo cally, more than
one set of cre nu la tions is pres ent.  At Con ten tion Cove (NN) and
at sev eral other sites, con ju gate sets of asym met ric kinks af ford
the pos si bil ity of in fer ring the pa le ostress ori en ta tion. Still other
sets of late folds de scribe sym met ri cal, open “crum ples.”  Fi -
nally, sub tle broad, map- scale “warps” are rec og nized by
slightly dif fer ent ori en ta tions of the main fab ric; de spite a simi -
lar ity in style, these have no ob vi ous re la tion ship with the crum -
ples.

Late faults

Late, brit tle faults are pres ent in a few places in the map
area. They al most cer tainly formed at a high level in the crust and 
are proba bly the young est struc tural fea tures in the area.

On the shoreline north west of Al ley Is land (NN), slick en -
sides in di cate top- to- west move ment on a southeast- dipping
thrust fault.  At Wey mouth Point (NN), nu mer ous an as to mos ing
steep faults trend ap proxi mately east- west to north- northwest
(Fig ure 22).  McGre gor (1964) in de pend ently noted these faults.
They pro vide some of the jus ti fi ca tion for pro pos ing a late east-
 west fault through Pat ten Bay.  The other ar gu ment for this fault

re lies on ap par ently trun cated iso grads of the Blue Hill con tact
aure ole. 

A few hun dred me ters north of Heath Brook (NN), along a
northeast- trending fault (030, 60SE), beds are dis placed in a nor -
mal sense.  This fault and simi lar ones north of Wey mouth Point
(Fig ure 22) and in Mor gan Bay may be as so ci ated with Gulf of
Maine rift ing in Meso zoic time.  Minor north-trending late faults
are inferred in Raccoon Cove and Berry Cove to explain
left-lateral offsets of the Trenton-Hancock antiform.

SPECU LA TIONS  ON  A  GEO LOGIC  HIS TORY

The old est information- carrying ma te ri als are peb bles in
the con glom er ate of the Mor gan Bay Member.  They are fel sic
ig ne ous rocks simi lar to ones found in other parts of the Ells -
worth Schist, al though con ceiva bly they might have been eroded 
from some un ex posed Ells worth base ment.

As the con tact re la tion ships among mapped units are
highly un cer tain, the fol low ing sce nario should be con sid ered
highly specu la tive.  Possibly, the Egypt member is
allochthonous on the undifferentiated Ellsworth Schist based on
its slightly higher metamorphic grade and the intense
deformation near the contact. If so, then the entire package,
Morgan Bay member included,  may represen t  a
sedimentary-volcanic mar gin that faced south east. The Mor gan
Bay For ma tion con tains the coars est sedi ment, al beit a sin gle
con glom er ate and sev eral quartz ite beds.  The Egypt Member
may have ac cu mu lated in the most dis tal po si tion as sug gested
by its lower QF:PS ra tio (1-1.5) com pared to typi cal Ells worth
Schist (around 2) and its near ab sence of fel sic ig ne ous rocks. 
The Lamoine Granite Gneiss intruded the Ellsworth Schist as a
high-level pluton while the Rhyolite of Goose Cove erupted and
became interstratified with the schist.  Re gion ally, if the Ells -
worth Schist un der lies, rather than grades lat er ally into, the
North Ha ven Green stone, then a deep en ing and widening-
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Fig ure 21.  Ori en ta tion of hinge lines of cre nu la tion folds (N=32) in the
New bury Neck quadrangle.  Con tour in ter val is 10% per 1% area.

Figure 22. Green stone sheet cut by high angle normal fault.  Fault is
oriented N65E, 65 SE  (view toward the south west).  (Photo 9 of Reusch
and Ho gan, 2002)



 upwards fa cies se quence would be in di cated, with the Ellsworth
Schist re cord ing the ini tial rift ing event.

The main fab ric of the Ells worth Schist has been as cribed
to a thrust ing event (Hib bard, 1995; also, Os berg and oth ers,
1985) that would have tele scoped the Mor gan Bay- Ellsworth-
 Egypt mar gin. The greenschist minerals formed in response to
burial either at the base of a many kilometer- thick, warm
volcano- sedimentary pile or thrust stack.  The re gional meta -
mor phism and de for ma tion may be broadly con tem po ra ne ous
be cause meta mor phic fea tures such as quartz veins are clearly
de formed yet green schist fa cies min er als de fine the main fab ric.

The min eral linea tion formed par al lel to the north west erly
trans port di rec tion, and, if the sheath fold in ter pre ta tion is cor -
rect, ini tially per pen dicu lar small- scale fold hinges ro tated to -
wards the trans port di rec tion.  Abun dant small- scale folds
de mand hori zon tal short en ing and ver ti cal thick en ing as do the
sig moid step- up struc tures and S-C fab rics. Ex ten sional veins in
com pe tent rhyo lite lay ers formed nearly per pen dicu lar to the
trans port di rec tion; the low an gle be tween con ju gate fractures
sug gests a high level in the crust.  This was likely a pro tracted
event, and lo cal cre nu la tion cleav age and southeast- vergent
back folds may re flect late stages of a sin gle top- to- northwest
oro genic event.

The tim ing of thrust ing and meta mor phism was pre-
 Middle Si lu rian based on a prob able un con for mity on North Ha -
ven Is land (Smith and oth ers, 1907; Gates, 2001).  Con ceiva bly,
the tim ing could have been con tem po ra ne ous with the young est
Tre ma do cian rocks in the ad ja cent St. Croix ter rane, in which
case this event marks the lo cal ex pres sion of the Pe nob scot orog -
eny (van Staal and oth ers, 1998).  If, however, sedimentation
was continuous in the St. Croix terrane through the Caradocian
Kendall Mountain Formation, then the two terranes were not
juxtaposed until the Late Ordovician.

Dur ing Late Si lu rian time, the re gion be came the site of arc
mag ma tism above a sub duc tion zone that dipped ei ther south east 
(Brad ley and oth ers, 2000) or north west (McLeod and oth ers,
2001).  In the lat ter view, the strong ther mal over print at this
time, es pe cially west of Pe nob scot Bay, re flects high heat flow in 
an arc en vi ron ment rather than re gional meta mor phism in the
roots of an oro gen.  The Tim ber Point rhyo lite dike and the gab -
bro of Thomp son Is land could be of this age.  Stewart (1998) has
demonstrated that steep faults in Penobscot Bay were
contemporaneous with the Late Silurian igneous rocks.

More gran itic magma was in truded dur ing the De vo nian.
At this time, the con tact aure ole around the Blue Hill plu ton was
im printed on the Ells worth Schist.

The late folds are post- Late Si lu rian if they cor re late with
similarly- oriented folds in the Ames Knob For ma tion on North
Ha ven Is land.  Hib bard (1995) re lated these to sin is tral dis place -
ments on the Ellsworth- St. Croix bound ary fault  be cause they
ap pear to in crease in in ten sity to wards the fault and in di cate
north- south com pres sion (which would cause sin is tral slip on a
northeast- trending fault).

Evi dence for dex tral strike- slip re lated to the No rum bega
fault was not rec og nized. Late nor mal faults and ma fic dikes, if
not as so ci ated with ear lier magma sys tems, may be re lated to ex -
ten sion in the Gulf of Maine/Bay of Fundy rift dur ing the Meso -
zoic, fol lowed by less than a few kilometers of erosion to the
present.
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