
DE PART MENT  OF  CON SER VA TION
Maine Geo logi cal Sur vey

Rob ert G. Marv in ney, State Ge olo gist

OPEN- FILE  NO.  03-96

Ti tle: Bed rock Ge ol ogy of the Old Or chard Beach 7.5’ Quad ran gle,
Cum ber land and York Coun ties, Maine

Author: Ar thur M. Hussey II

Date: 2003

Fi nan cial Sup port: Maine Geo log i cal Survey

Con tents: 7 p. re port and map



Maine Geo log i cal Sur vey
Open-File 03-96

Bed rock Ge ol ogy of the Old Or chard Beach 7.5’ Quad ran gle,
Cumberland and York Counties, Maine

Ar thur M. Hussey II
Pro fes sor of Ge ol ogy Emer i tus

Bowdoin Col lege

IN TRO DUC TION

The lo ca tion of the Old Or chard Beach 7.5’ quad ran gle is
shown in Fig ure 1.  This quad ran gle lies within the Coastal Low -
lands phys io graphic sec tion char ac ter ized by low re lief, with el -

e va tions rang ing from sea level to about 220 feet above sea level.  
The high est point is Berry Hill, with an el e va tion slightly over
220 feet, on the west ern edge of the map.  The Old Or chard
Beach quad ran gle lies close to the north ern end of the Maine
coastal zone marked by ex ten sive sand beaches.  Old Or chard
Beach, a part of the ar cu ate se ries of beaches bor der ing Saco Bay 
oc cu pies the very south east ern cor ner of the quad ran gle (Fig ure
2).  The land is un der lain by late gla cial outwash sand, dune
sand, and ma rine clay.  Out crops are not abun dant, but bed rock
lies close to the sur face in many parts of the quad ran gle, and is
com monly en coun tered in shal low ex ca va tions.  Drain age is
poorly de vel oped, and is char ac ter ized by many nearly right an -
gle bends, sug gest ing con trol by bed rock joint ing, an other in di -
ca tion of the shal low na ture of drift in the area.  Ma jor streams
are the None such River, Cas cade Brook, Goosefare Brook, and
Deep Brook.  Saco River just grazes the south ern end of the
quad ran gle.  A ma jor swamp, The Heath, 1.5 miles long and 1
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Fig ure 1.  Lo ca tion of the Old Or chard Beach 7.5-min ute quad ran gle,
south west ern Maine.

Fig ure 2.  Old Or chard Beach, look ing south.  Dark patch in the mid dle
ground is an out crop of the Kittery For ma tion (see Fig ure 2).



mile wide oc cu pies an area in the south west ern part of the map. 
It is drained by Cas cade and Goosefare Brooks on the south east,
by the Deep Brook drain age sys tem on the south west, and by a
trib u tary of the None such River on the north west.

Ma jor ur ban ar eas within the map area are Old Or chard
Beach in the south east ern cor ner, and Saco on the south ern edge
of the map.  The south east ern third of the map, close to the ur ban
ar eas, U. S. High way 1, and the Maine Turn pike are be com ing
heavily de vel oped by sub ur ban set tle ments and in dus trial parks.  
The north west ern two-thirds of the quad ran gle is rel a tively
sparsely set tled and is an area ex ten sively cov ered by
young-growth for est or cleared for small-scale ag ri cul tural use.

Early map ping was car ried on by the writer in the late
1960’s and 1970’s, and was pub lished on a smaller scale as part
of the Port land 15’ quad ran gle (Hussey, 1971).  This re port is the
re sult of field check ing of the ear lier work and ad di tional work
where war ranted.  As a re sult of ur ban iza tion and sub ur -
banization in the south east ern part of the quadrangle, many of
the out crops vis ited dur ing the ear lier map ping are no lon ger
avail able.  A par tic u larly good out crop of the Kittery For ma tion
in Old Or chard Beach vil lage area has been all but com pletely re -
moved in the ex ca va tion for the foun da tion of a ma jor drug store.  
Many small “pave ment” out crops along orig i nal dirt roads are no 
lon ger vis i ble be cause they have been paved over.  Fi nally, sev -
eral good ex po sures have been elim i nated in hous ing de vel op -
ments and com mer cial lots where de vel op ers fa vored smooth
lawns and park ing lots un in ter rupted by ir reg u lar out crops.

BED ROCK  GE OL OGY

The Old Or chard Beach quad ran gle is un der lain mostly by
Late Or do vi cian to Early Si lu rian-age metasedimentary rocks of
the Merrimack Group, and to a lesser ex tent by Mid dle to Late
Or do vi cian metasedimentary rocks and meta vol can ic rocks of

the Casco Bay Group.  The Car bon if er ous(?) age gab bro of the
Saco pluton just grazes the south west ern cor ner of the quad ran -
gle.

Saco pluton

The Saco pluton, an oval stock 5 km by 6 km, is ex posed
ex ten sively in the Bar Mills 7.5’ quad ran gle im me di ately west of 
the Old Or chard Beach quad ran gle.  In the Old Or chard Beach
quad ran gle it oc cu pies a small area in the south west ern part of
the map sheet.  Here it con sists of me dium dark gray metagabbro
to metadiorite.  The pri mary min er als, plagioclase, brown
hornblende, and augite, are oc ca sion ally pre served, but are
mostly al tered to chlorite, epidote, sec ond ary am phi bole, seri -
cite, and saussurite.  Rel ict coarse-grained allotriomorphic gran -
u lar tex ture (Fig ure 3) is pre served, but fo li a tion and lineation
which is seen ex ten sively in out crops in the Bar Mills quad ran gle 
to the west (Marvinney, 1995) are not well de vel oped in the Old
Or chard Beach quad ran gle ex po sures.  In places, the
metagabbro/diorite is criss crossed by fine dark veins (Fig ure 4)
re sem bling pseudotachylite, al though the in ter ven ing ma te rial
does not ap pear to be mylonitized.  Some ex po sures of the pluton 
show  ev i dence of mul ti ple in jec tion, with poorly-de fined
dikelets of fine-grained, dark gray gab bro/diorite cut ting
through the coarser-grained phase (Fig ure 5).  Gaudette and oth -
ers (1982) re port a 307 ± 20 Ma Rb/Sr age.  Given the amount of
shear ing and the al ter ation of pri mary min er al ogy, I sus pect that
the age of this pluton may be  sig nif i cantly older.  No other more
pre cise ra dio met ric ages are avail able.

Ber wick Formation

The Ber wick For ma tion is a thick se quence of thin to me -
dium bed ded, and also mas sive, pur plish gray fine-grained
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Fig ure 4.  Fine net vein ing in the metagabbro of the Saco pluton, ex -
posed at the same lo cal ity as Fig ure 3.  Me dium-grained rel ict ig ne ous
tex ture be tween the veinlets does not show no tice able shear ing or
mylonitization.

Fig ure 3.  Rel a tively well-pre served pri mary coarse-grained
allotriomorphic gran u lar tex ture of the Saco gabbo/diorite; road cut on
the north east side of Maine Route 5 (see geo logic map for lo ca tion.)



quartz-plagioclase-bi o tite ± actinolite or hornblende granofels,
with sparse thin interbeds of green ish gray quartz-plagioclase-
epidote-acinolite granofels.  Interbeds of quartz-plagioclase-bi -
o tite-mus co vite-gar net schist are spo rad i cally dis trib uted
through out the for ma tion, but are not abun dant.  Prior to meta -
mor phism these were cal car e ous graywackes prob a bly rep re -
sent ing deep ma rine con ti nen tal rise turbidites.  The provenance
of these rocks is un cer tain.  Sed i men tary struc tures such as
graded bed ding, cross-bed ding, and sole mark ings have not been 
ob served in the Ber wick rocks in this quad ran gle, and are too
rare in ex po sures of the for ma tion in ad ja cent ar eas to be able to
draw any con clu sions as to di rec tion of sed i ment trans port.

A 200 to 400 me ter wide belt of rock, des ig nated by SObf
on the map con sists of buff-weath er ing rel a tively plagioclase-
rich, cal car e ous granofels that in places re sem bles meta mor -
phosed fel sic to in ter me di ate volcanics or very feldspathic sand -
stone to siltstone.  This belt is ter mi nated on the south against the
None such River fault.

The Ber wick For ma tion is lithologically sim i lar to the
Hutchins Cor ner For ma tion of the Cen tral Maine se quence.

Merrimack Group

The Merrimack Group in the Old Or chard Beach area is
rep re sented by the Kittery and Eliot For ma tions.  Both of these
units were orig i nally mapped by Katz (1917) as part of the Cape
Eliz a beth For ma tion of the Casco Bay Group, but from a con sid -
er ation of the high cal car e ous con tent of the rocks, and their clear 
sim i lar ity to the Merrimack rocks to the south, they have been
sep a rated from the Casco Bay Group.

Kittery For ma tion.  Rocks in the south ern part of the map
sheet around the Old Or chard Beach area are as signed to the

Kittery For ma tion (Fig ure 6).  These are buff-weath er ing thin to
me dium bed ded quartz-feld spar-chlorite-an ker ite-cal cite
granofels with interbeds of dark gray white-mica - chlorite -
quartz phyllite.  All are mod er ately sheared due to strike-slip
fault ing as so ci ated with the de vel op ment of the Norumbega
fault sys tem.  Meta mor phic grade is low, cor re spond ing to the
an ker ite zone as rec og nized by Ferry (1983) for rocks of the
Cen tral Maine se quence in the Waterville area to the north east. 
Be fore meta mor phism these rocks were deep-ma rine con ti nen -
tal rise graywackes.  The ex ten sive shear ing of these rocks has
oblit er ated pri mary sed i men tary struc tures that are well pre -
served in ex po sures farther south in Maine (Hussey, 1962). 
Rickerich (1983) sug gested that the turbidites of the Kittery For -
ma tion formed a sub ma rine fan on the north west-fac ing con ti -
nen tal rise of the Avalonian Com pos ite Terrane which was
ap proach ing North Amer ica dur ing Late Or do vi cian time. 
Hussey and oth ers (1999) dis cuss ev i dence that the age of the
Kittery For ma tion is prob a bly Late Or do vi cian or Early Si lu rian.

Eliot For ma tion.  The Eliot For ma tion is sim i lar min er al -
og i cally to the Kittery For ma tion.  Bed ding is gen er ally thin ner,
more ir reg u lar, and the darker phyllite interbeds rep re sent a
higher per cent age of the rock (Fig ures 7 and 8).  Like the Kittery
For ma tion, the rocks of the Eliot For ma tion are ex ten sively
sheared.  The Eliot For ma tion is lithologically iden ti cal to the
Mackworth Slate of Katz (1917) in the Port land area.  The name
“Mackworth” is now aban doned be cause of as sign ment of these
rocks to the Merrimack Group rather than Casco Bay Group as
Katz (1917) had done.  Meta mor phic grade (an ker ite) of these
rocks is the same as for the Kittery For ma tion.

The strati graphic po si tion of the Kittery For ma tion rel a tive
to the Eliot For ma tion is un cer tain.  Bill ings (1956) con sid ered
the Kittery For ma tion to lie at the base of the Merrimack Group
on the ba sis of po si tion of the two for ma tions in the Rye anticline
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Fig ure 5.  Saco pluton.  Coarse-grained lighter weath er ing metagabbro
ap pears to be cut by finer-grained dark gray metagabbro.  Same lo ca tion 
as Fig ure 3.

Fig ure 6.  Kittery For ma tion out crop on Old Or chard Beach (same as
shown in the mid dle ground on Fig ure 2).  The Kittery For ma tion is
weakly bed ded, with bed ding strik ing nearly east and dip ping steeply to 
the south.



in coastal south west ern Maine and south east ern New Hamp -
shire.  Ly ons and oth ers (1997) re versed the strati graphic or der
of these for ma tions, in di cat ing that the Kittery For ma tion is
stratigraphically the high est.  Their in ter pre ta tion was based on
the gen eral map pat tern of the for ma tions of the Merrimack
Group, along with pre dom i nance of north-plung ing rather than
south-plung ing mi nor folds within the var i ous for ma tions of the
Merrimack Group through out much of the south east ern part of
New Hamp shire.  The Ly ons in ter pre ta tion is fol lowed in the
cross sec tion and map ex pla na tion.

Casco Bay Group

Two for ma tions of the Casco Bay Group, the Spring Point
and Scarboro For ma tions, crop out in the Old Or chard Beach
quad ran gle.  These for ma tions are sep a rated from the rocks of
the Merrimack Group by high-an gle faults re lated to the
Norumbega fault sys tem.  These two for ma tions are of Mid dle to
Late Or do vi cian age.

Spring Point For ma tion.  The Spring Point For ma tion
con sists uni formly of fine-grained slightly green ish gray
chlorite-white-mica-quartz-plagioclase-gar net phyllite.  Mi nor
amounts of bi o tite are seen in thin sec tions of the ex po sures in
Cas cade Brook be tween U. S. Route 1 and Milliken Mills Road
(Fig ure 9).  The green ish color (from chlorite) sug gests that these 
phyllites were  mafic to in ter me di ate vol ca nic rocks, prob a bly
vol ca nic ash, prior to meta mor phism.  The rel a tively abun dant
white-mica con tent sug gests the ad di tion of ar gil la ceous ma te -
rial dur ing sed i men ta tion.  Gar net pres ent in these rocks (which
is not pres ent in nearby ex po sures of pelitic phyllites of the
Scarboro For ma tion) may in di cate pres ence of a rel a tively high
MnO con tent of the green phyllites.  High man ga nese con tent

tends to sta bi lize gar net at lower tem per a ture  (Miyashiro, 1994,
p. 144).

Scarboro For ma tion.  The Scarboro For ma tion con sists of 
dark gray non cal car e ous, crenulated, slightly to mod er ately
rusty weath er ing white-mica-chlorite-quartz phyllite (Fig ure
10).  Thin bed ding is lo cally in di cated by slight vari a tions in
color.  Metasiltstone beds are pres ent, but rare.  The chlorite, as
seen in thin sec tion, is gray in con trast to its green color in the
Spring Point For ma tion.  Fine car bo na ceous ma te rial (prob a bly
graph ite) is pres ent and is lo cally abun dant enough to leave a
mark on pa per.
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Fig ure 8.  Thin al ter nat ing beds of buff-weath er ing ankeritic and cal car -
e ous metasiltstone and dark gray crenulated chlorite-mus co vite phyllite 
of the Eliot For ma tion, ex posed along Beach Ridge Road 1 mile north
of Holmes Road, Scarborough.

Fig ure 7.  Gla ci ated out crop of the Eliot For ma tion ex posed in a large
gravel pit off Boom Road near the west edge of the quad ran gle.  Pink -
ish-brown weath er ing of metasiltstone beds re flects the abun dance of
an ker ite.  Darker beds are chlorite-white mica phyllite.

Fig ure 9.   Cas cade Falls along Cas cade Brook, Saco.  Rock is green ish
phyllite of the Spring Point For ma tion.



STRUC TURE

Be cause of the rel a tive in fre quency of out crop, much of the 
struc tural syn the sis for the Old Or chard Beach quad ran gle re lies
on re la tions and in ter pre ta tions from a much broader re gion
around it in south west ern Maine.  Most rel e vant is the in ter pre ta -
tion of struc ture de rived for the Prouts Neck quad ran gle
(Hussey, 2003b).

The Casco Bay Group is ex posed in a wedge bounded by
the Broad Cove fault on the south and Johns Point fault on the
north west (Fig ure 11).  Two prin ci pal an ti cli nal hinges are de -
fined on the ba sis of dis tri bu tion of the out crops of the Spring
Point and Scarboro For ma tions (see the geo logic map).  No out -
crop-scale struc tural data are avail able to in di cate whether these
are early re cum bent folds or late up right folds.

Ma jor faults are the None such River fault, the Johns Point
fault, and the Broad Cove fault (Fig ure 11).  Two other faults,
prom i nent in the ad ja cent Prouts Neck quad ran gle, lie at the very
south east ern cor ner of the map in the vi cin ity of Old Or chard
Beach and Saco Bay.  There are no out crops that help de fine
these faults in the Old Or chard Beach quad ran gle.
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Fig ure 10.  Rusty chlorite-mus co vite-graph ite phyllite of the Scarboro
For ma tion.  Ex ca va tion for car deal er ship park ing lot, north west side of
U.S. Route 1, Scarborough, near Slat er Hill.  At this site, about 25 me -
ters left of the photo, green ish phyllite of the Spring Point For ma tion
was ex posed in the flat of the park ing lot at the time of ex ca va tion, but
was cov ered when the photo was taken.  The Di a mond Is land For ma tion 
is not pres ent be tween the two for ma tions at this lo cal ity.

Fig ure 11.  Ma jor faults and ap prox i mate dis tri bu tion of meta mor phic zones in Old Or chard Beach 7.5' quad ran gle.  Also shown are
traces of an ti cli nal hinges within the Casco Bay Group, de fined on the ba sis of the dis tri bu tion of out crops of the Spring Point and
Scarboro For ma tions.



The None such River fault is in ter preted to be a high-an gle
fault, down thrown to the south east, sep a rat ing gar net or higher
grade rocks of the Ber wick For ma tion from an ker ite-grade rocks 
of the Merrimack Group (Fig ure 11).  It con trols the very lin ear
north east trend of the None such River.  Ad ja cent to the trace of
the fault, within the rocks of the Eliot For ma tion are sev eral
zones of brec cia with drusy quartz veins; within these zones the
schistosity of the Eliot for ma tion is ex tremely con torted (Fig ure
12).

The Johns Point fault sep a rates rocks of the Merrimack
Group (the Eliot For ma tion) on the north west from rocks of the

Casco Bay Group (Scarboro For ma tion) on the south east.  The
Johns Point fault is in ter preted to be a high an gle fault with pre -
dom i nant dip-slip move ment, down thrown on the north west
side.

The Broad Cove fault is in ter preted to be a splay of the
Norumbega fault sys tem (Bothner and Hussey, 1999).  It sep a -
rates rocks of the Casco Bay Group (Scarboro For ma tion) on the
north west from Merrimack Group rocks (Eliot and Kittery For -
ma tions) on the south east.  Swanson (1999) re gards this as a pre -
dom i nantly right-lat eral strike-slip fault of Late De vo nian to
Perm ian age.

Fig ure 13 is an in ter pre tive cross sec tion run ning from Old
Or chard Beach vil lage north-north west to South Bux ton.  This
in ter pre ta tion is based not so much on crit i cal data ex posed
within the Old Or chard Beach map sheet but mostly on re gional
syn the sis of the ge ol ogy of the greater Casco Bay area.  The
writer fol lowed the Ly ons and oth ers (1997) in ter pre ta tion (i.e.,
the Kittery For ma tion lies stratigraphically above the Eliot
Formation) in con struct ing the cross sec tion.  An im por tant, al -
beit spec u la tive, in ter pre ta tion pre sented in Fig ure 13 is that the
Merrimack Group over lies (con form ably?) the Jewell For ma -
tion of the Casco Bay Group.  This is sug gested by re la tions on
the north end of Great Chebeague Is land in Casco Bay where
rocks sim i lar to the Eliot For ma tion are in con tact with rusty
phyllite of the Jewell For ma tion (Hussey, un pub lished map -
ping).  Sim i larly, rusty phyllite on the east edge of Mackworth Is -
land (Hussey, 2003a) may cor re late with the Jewell For ma tion,
re turn ing us very nearly to Katz’s orig i nal in ter pre ta tion that the
Mackworth Slate (his orig i nal name ) is the up per most unit of the 
Casco Bay Group.  By cor re lat ing the Mackworth with the Eliot
For ma tion, we now es tab lish a con form able strati graphic suc -
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Fig ure 12.  Out crop along None such River just down stream of Wat son
Mill Road, Saco, show ing con torted cleav age of the Eliot For ma tion
and milky quartz veins that in di cate prox im ity to the None such River
fault.  Wal ter An der son, for scale.

Fig ure 13.  In ter pre tive cross sec tion sketch across the Old Or chard Beach 7.5’ quad ran gle be tween Old Or chard Beach and Bux ton
(for lo ca tion of the place names, see geo logic map).  SOb:  Berwick For ma tion; SObf:  feldspathic granofels mem ber of the Berwick
For ma tion; SOk:  Kittery For ma tion; SOe:  Eliot For ma tion; Oj:  Jewell For ma tion; Osk:  Spurwink Metalimestone;  Osc:  Scarboro
For ma tion; Osp:  Spring Point For ma tion; Oce:  Cape Eliz a beth For ma tion; Oc:  Cush ing For ma tion.



ces sion be tween the Casco Bay and Merrimack Groups (the lat -
ter on top).

The ex po sure of the Casco Bay Group be tween the Johns
Point and Broad Cove faults may rep re sent the up per plate of a
ma jor thrust fault that is not ex posed within the quad ran gle (Fig -
ure 13).  East ward rather than west ward thrust ing of the Casco
Bay rocks over Merrimack rocks is pre ferred on the ba sis of a
small east ward thrust and as so ci ated east-verg ing mi nor re cum -
bent folds of the Casco Bay rocks ex posed along sea cliff ex po -
sures just east of the None such River in Cape Eliz a beth (see
Hussey, 2003b).
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