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Fron tis piece.  Fall foliage along East Cathance Stream, Bowdoinham quad ran gle.



Maine Geo logi cal Sur vey
Open- File 10-20

Bedrock Geology of the Bowdoinham 7.5’ Quadrangle, Maine

Da vid P. West, Jr. and Joel F. Cubley

IN TRO DUC TION

This re port de scribes the bed rock ge ol ogy in the
Bowdoinham 7.5’ quad ran gle, Maine, and ac com pa nies the bed -
rock geo logic map of the quad ran gle.  The Bowdoinham quad -
ran gle is lo cated in Sagadahoc and Kennebec Coun ties in
south west ern Maine be tween the towns of Bruns wick and Gar -
di ner (Fig ure 1).  It is the south west ern quar ter of the old U.S.
Geo log i cal Survey Gar di ner 15’ quad ran gle which is now out of
print.

The pur pose of this re port is to de scribe the meta mor phic
and in tru sive rock units ex posed in the quad ran gle, and to pro -
vide an over view of the struc tural ge ol ogy, meta mor phism, geo -
logic his tory, and eco nomic re sources of the bed rock.  In
ad di tion, there are dis cus sions of how the in ter preted geo logic
re la tion ships may re late to those of ad ja cent ar eas, de scribed by
pre vi ous work ers such as Newberg (1984), Hussey and Berry
(2002), and Hussey and Marvinney (2002).  The bed rock ge ol -
ogy in this quad ran gle was pre vi ously mapped on a re con nais -
sance level by Newberg (1984) as part of his 1:62,500-scale
map ping of the Gar di ner 15’ quad ran gle (Fig ure 1).  The in for -
ma tion pre sented in this re port and on the ac com pa ny ing geo -
logic map pro vides a greater level of de tail at a larger scale
(1:24,000).

Physiographically, the Bowdoinham quad ran gle is char ac -
ter ized by low, roll ing hills with a to tal re lief of 580 feet.  Much
of the quad ran gle is cov ered by a ve neer of un con sol i dated Pleis -
to cene gla cial and gla cial-ma rine sed i ments.  The in ter ested
reader is re ferred to the re cent map and re port by Hildreth
(2003a, 2003b) for de tails of the surficial ge ol ogy.  Gen er ally,
small out crops of bed rock are scat tered through the area, but
they are by no means con tin u ous and thus do not pro vide a com -
plete view of the bed rock geo logic re la tion ships.

For the pres ent study, ap prox i mately 850 out crops in the
quad ran gle were lo cated, as signed sta tion num bers and de -
scribed dur ing the sum mers of 2004 and 2005.  Each out crop was 
lo cated us ing a handheld global po si tion ing sys tem (GPS) re -
ceiver and plot ted on a 7.5’ top o graphic base map.  Lith o logic
and struc tural in for ma tion was re corded in the field.  Ap prox i -
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Fig ure 1.  Lo ca tion of the Bowdoinham 7.5' quad ran gle, south ern
Maine.  This map also shows neigh bor ing towns and quad ran gles that
are men tioned in the text.



mately 35 rep re sen ta tive petrographic thin sec tions were pre -
pared and ex am ined from var i ous lith o logic units.  In re lated
stud ies not fully de scribed in this pa per, whole rock geo chem i cal 
anal y ses of 18 meta mor phosed ig ne ous rock sam ples were ob -
tained by Cubley as the ba sis for his un der grad u ate the sis
(Cubley, 2005), and U-Pb SHRIMP zir con ages were ob tained
from the Horn beam Hill gneiss, a meta mor phosed plutonic rock
unit, re ported ini tially by Cubley and West (2005) and briefly
up dated herein.

Much of the land in the Bowdoinham quad ran gle is pri -
vately owned and those in ter ested in ex am in ing as pects of the
ge ol ogy first-hand should re spect the rights of the land own ers. 
Many out crop lo cal i ties are re ferred to in the text, and out crop
lo ca tions are re ferred to on the ac com pa ny ing geo logic map. 
How ever, it is the responsibility of the in di vid ual to se cure per -
mis sion be fore en ter ing pri vate prop erty.  A field guide was
prepared for the New Eng land In ter col le giate Geo log i cal Con -
fer ence in the fall of 2006, which has de scrip tions of spe cific
out crops in the map area (West and oth ers, 2006).

GEO LOGIC SET TING

The study area crosses the con tact be tween prob a ble Mid -
dle to Late Or do vi cian meta vol can ic and metasedimentary rocks 
of the Fal mouth-Bruns wick se quence to the east, and Late Or do -
vi cian(?)-Early De vo nian metasedimentary rocks of the Cen tral
Maine se quence to the west.  (See geo logic map.)  All of the strat -
i fied rocks were meta mor phosed to the am phi bo lite fa cies and
ex pe ri enced pen e tra tive duc tile de for ma tion dur ing De vo nian
time.  In ad di tion, there is geo chron ol ogi cal ev i dence (West and
oth ers, 1988, 1993) for an ep i sode of Perm ian am phi bo lite fa cies 
meta mor phism in the re gion.  Var i ous in tru sive ig ne ous rocks
can also be found in the quad ran gle.  It should be noted that in -
tense de for ma tion and meta mor phism cou pled with in com plete
ex po sure have made un rav el ing the orig i nal strati graphic po si -
tions, thick nesses and con tact re la tion ships be tween rock units
ex tremely dif fi cult.  The rel a tive age as sign ments of the rock
units dis cussed be low are based largely on geo log i cal and geo -
chron ol ogi cal stud ies from ad ja cent re gions (e.g., Osberg, 1988;
Tucker and oth ers, 2001; Hussey and Berry, 2002).

FAL MOUTH-BRUNS WICK SE QUENCE

His tory of no men cla ture

The names Rich mond Cor ner, Nehumkeag Pond, and
Mount Ara rat were in tro duced for rock units in the east ern por -
tion of the Bowdoinham 7.5’ quad ran gle in 1981.  They ap -
peared si mul ta neously on re con nais sance maps of the Gar di ner
and Wiscasset 15’ quad ran gles (Newberg, 1981a, 1981b) and
the pre lim i nary re gional map of the lower Androscoggin Val ley
(Hussey, 1981).  (See Fig ure 1 for lo ca tions.)  The three
lithostratigraphic units were used in for mally as mem bers of the
Cush ing For ma tion (Hussey, 1981; Newberg, 1984).  Us age of

these unit names was ex tended to the south west by Hussey
(1985) in his map ping of the Bath and Port land 2o sheets in
which he for mal ized the Mount Ara rat Mem ber and in tro duced
an ad di tional mem ber of the Cush ing For ma tion, the Torrey Hill
Mem ber.  The Bed rock Geo logic Map of Maine (Osberg and
oth ers, 1985) like wise as signs the rocks in the east ern part of the
Bowdoinham quad ran gle to the Cush ing For ma tion, though the
var i ous mem bers are not dif fer en ti ated on that small-scale map.

Sub se quent work by Hussey (1988) in the Casco Bay re -
gion (Fig ure 1) em pha sized the lith o logic and strati graphic dif -
fer ences be tween those mem bers of the Cush ing For ma tion
ex posed west of the Fly ing Point fault and those mem bers ex -
posed east of the Fly ing Point fault.  He pro posed that the units
west of the Fly ing Point fault be called col lec tively the “Fal -
mouth-Bruns wick se quence” (still con sid ered a part of the Cush -
ing For ma tion at that time), and those east of the Fly ing Pont
fault be called the “Saco-Harpswell se quence,” in clud ing sev -
eral mem bers of the Cush ing For ma tion and younger for ma tions
of the Casco Bay Group.  The next step in the no men cla ture evo -
lu tion was to re move the four units of the Fal mouth-Bruns wick
se quence from the Cush ing For ma tion al to gether, rais ing their
rank from mem bers to for ma tions (Hussey, 1989).  This im plied
that they do not cor re late with the Cush ing For ma tion, and left
their re la tion ship to the Cush ing For ma tion and the rest of the
Casco Bay Group in de ter mi nate.  The term Fal mouth-Bruns -
wick se quence is still used in this sense.

In the Bowdoinham quad ran gle, our pres ent view is that
the Fal mouth-Bruns wick se quence in cludes the Nehumkeag
Pond For ma tion and the Mount Ara rat Gneiss.  We lower the
rank of the Rich mond Cor ner from being a separate for ma tion to
be ing a mem ber of the Nehumkeag Pond For ma tion.  The Torrey
Hill For ma tion is not ex posed as far north as this quad ran gle.

Nehumkeag Pond For ma tion
     (Onp, Onprc, Onpa, Onpr, Onpm)*

Name and ref er ence lo cal i ties.  The name Nehumkeag
Pond has been widely used on maps span ning col lec tively over
100 km along strike (Hussey, 1985, 1988, 1989; Pankiwskyj,
1996; Berry and Hussey, 1998; Tucker and oth ers, 2001; Hussey
and Marvinney, 2002; Grover and Fernandes, 2003; West and
Peterman, 2004), de spite the fact that it has not been clearly de -
fined or mapped in de tail in the area where it was orig i nally used.  
The name is taken from ex po sures “north of Nehumkeag Pond”
(Newberg, 1984) in the East Pittston 7.5’ quad ran gle, which is
the north west quar ter of the old Wiscasset 15’ quad ran gle (Fig -
ure 1).  Those out crops are de scribed as be ing “com posed prin ci -
pally of weak to dis con tin u ously fo li ated, buff to slightly rusty
weath er ing, quartzofeldspathic gneiss.  Mus co vite, and less
com monly bi o tite, are pres ent as anastomosing wisps of mica
within the pre dom i nantly mas sive fine-grained gneiss”
(Newberg, 1984, p. 5).
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* Let ters in bold face type are used through out the text to iden tify rock units shown on the ac -
com pa ny ing geo logic map of the Bowdoinham quad ran gle.
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Fig ure 2.  Places in the Bowdoinham 7.5’ quad ran gle that are ref er enced in the text and fig ures.  Se lected roads are in red,
with route num bers shown.  Se lected streams are in blue.  Top o graphic fea tures are out lined in brown.



The name Nehumkeag Pond For ma tion is used here for
migmatitic quartz-feld spar gneiss es and schists in the east ern
part of the Bowdoinham quad ran gle, most of which were pre vi -
ously as signed to parts of the Rich mond Cor ner, Mount Ara rat,
or Nehumkeag Pond mem bers of the Cush ing For ma tion
(Newberg, 1984).  The name is re tained in the Bowdoinham
quad ran gle, with the rec og ni tion that the rocks dif fer some what
from those de scribed by Newberg north of Nehumkeag Pond
(1984), in that they are strongly fo li ated, con tain much more bi o -
tite than mus co vite, com monly con tain gar net, and are typ i cally
me dium-grained to coarse-grained rather than fine-grained,
migmatitic and of ten schis tose rather than mas sive.  A new for -
ma tion name might even tu ally be pro posed for these rocks in the
Bowdoinham quad ran gle, but would re quire care ful ex am i na -
tion of the in ter ven ing area in the Rich mond 7.5’ quad ran gle to
see if a con tact could be mapped be tween the rocks of the
Bowdoinham quad ran gle and those near Nehumkeag Pond it self 
in the East Pittston quad ran gle (Fig ure 1).  Al ter na tively,
gradational vari a tions in par ent rock com po si tion, or the in ten -
sity of meta mor phism and de for ma tion may ac count for the dif -
fer ences in li thol ogy from one part of the for ma tion to an other.

Ref er ence lo cal i ties for the Nehumkeag Pond For ma tion in 
the Bowdoinham quad ran gle are here des ig nated as the ex ten -
sive road cut ex po sures along the west side of the north bound
lanes of In ter state 295 (I-295) south of the Bowdoinham Exit. 
(See Fig ure 2 for lo ca tion.)  Nearly con tin u ous ex po sures can be
found for 1.5 km south of this exit, and good ex po sures can be
found along the south bound lanes as well.  Rep re sen ta tive out -
crops of the Nehumkeag Pond For ma tion can also be ob served
along Sedgely Brook just east of Ridge Road in the south east ern
por tion of the quad ran gle (Fig ure 2).

Li thol ogy.  In the Bowdoinham quad ran gle, the
Nehumkeag Pond For ma tion (Onp) con sists pre dom i nantly of
light gray, me dium-grained to coarse-grained, non-rusty to
slightly rusty-weath er ing, plagioclase-quartz-bi o tite ± mus co -
vite ± gar net gneiss and schis tose gneiss (Fig ure 3).  These
gneiss es are com monly migmatitic, and peg ma tite dikes, sills
and boudins are com mon.  Two sub or di nate rock types (not
mappable at a scale of 1:24,000) are in cluded in the Nehumkeag
Pond For ma tion: (1) Dark gray, fine-grained to me dium-grained
am phi bo lite, lo cally con tain ing bi o tite.  Dis con tin u ous lenses
(up to 3 cm thick) of green ish-gray, fine-grained calc-sil i cate
rock are lo cally found within the am phi bo lites.  (2) Me dium
gray, me dium-grained, slightly to mod er ately rusty-weath er ing,
quartz-plagioclase-bi o tite-mus co vite ± sillimanite schist and
gneiss that com monly con tain coarse-grained gar net.

In ad di tion to these com mon rock types, four mem bers are
mapped in the Nehumkeag Pond for ma tion: the Rich mond Cor -
ner (Onprc), am phi bo lite (Onpa), rusty schist and granofels
(Onpr), and im pure mar ble and amphibolite (Onpm) mem bers.

Rich mond Cor ner mem ber (Onprc).  The unit was named
by Newberg for “ex po sures north and south of Rich mond Cor ner 
along Route 201” in the Bowdoinham 7.5’ quad ran gle (Fig ure 2) 
(Newberg, 1984, p. 4)*.  He de scribed it as con sist ing “pre dom i -

nantly of gar net-rich bi o tite-plagioclase-quartz gneiss with in -
ter vals of hornblende-bi o tite am phi bo lite.”  The Rich mond Cor -
ner mem ber con tains a va ri ety of rock types which can not be
mapped sep a rately at a scale of 1:24,000 be cause they are so thin
and in ad e quately ex posed.  The pre dom i nant rock types are gar -
net-bear ing feldspathic gneiss, sulfidic schist, and gar net am phi -
bo lite.  Spe cific rock types in clude: (1) Dark gray, fine-grained
to me dium-grained, very rusty-weath er ing, sulfidic and gra -
phitic, quartz-mus co vite-bi o tite-sillimanite ± gar net schist and
gneiss (Fig ure 4); (2) Me dium gray, me dium-grained to
coarse-grained, slightly to mod er ately rusty-weath er ing
plagioclase-quartz-bi o tite ± gar net gneiss.  Gar net, where pres -
ent, is poikiloblastic and coarse-grained, up to 3 cm across;
(3) Dark gray, me dium-grained, gar net am phi bo lite, char ac ter -
ized by lay er ing up to 4 cm thick and poikiloblastic gar net up to 2 
cm across ;  (4)  Green ish  gray,  me dium-grained to
coarse-grained, plagioclase-di op side ± hornblende granofels
and gneiss; and (5)  Light gray, me dium-grained, mod er ately to
strongly fo li ated, quartz - K-feld spar - plagioclase - bi o tite ±
mus co vite gran ite gneiss.

The rusty-weath er ing schists and gneiss es are best ex posed 
at the south east ern cor ner of the in ter sec tion of Route 201 and
Route 197 near Rich mond Cor ner (Fig ure 2).  How ever, the wid -
est va ri ety of rock types in cluded within this unit is best ex posed
in the gravel ex ca va tion just to the north east of Millay Road near
its in ter sec tion with Route 201 (Fig ure 2).  Some of the most ex -
ten sive, clean ex po sures of bed rock in the quad ran gle are ex -
posed at this lo cal ity and all of the rock types in cluded within this 
unit can be ob served here.

While our work ba si cally sup ports the lo ca tion and de -
scrip tion of the Rich mond Cor ner For ma tion as pre sented by
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Fig ure 3.  Pave ment out crop of fel sic gneiss es of the Nehumkeag Pond
For ma tion (Onp).  Note the migmatitic tex tures in the up per part of the
pho to graph and the gra nitic sill in the lower sec tion.  (East side of Route
138, ap prox i mately 1.5 km south of Rich mond Cor ner.)

* It should be noted that, his tor i cally, Rich mond Cor ner it self is not on U.S. Route 201, but is
at the older in ter sec tion of Routes 197 and 138 just to the east.



Newberg (1984), our map pat tern is more re stricted be cause we
have man aged to break out an in tru sive body, the Horn beam Hill
gneiss (de scribed be low), which Newberg did not have enough
de tailed in for ma tion to map sep a rately from the Rich mond Cor -
ner For ma tion.

Am phi bo lite mem ber (Onpa).  Mappable units of am phi -
bo lite are pres ent in the Nehumkeag Pond For ma tion at sev eral
sep a rate lo cal i ties in the south ern por tion of the quad ran gle.  The 
most ac ces si ble lo cal i ties for view ing this unit are in the small
un named stream im me di ately north of the cen ter of
Bowdoinham, and in a small ditch ex po sure at the south east ern
cor ner of the in ter sec tion of Route 201 and Route 125 (Fig ure 2).  
The rocks con sist of dark gray, fine-grained to me dium-grained
am phi bo lite and hornblende gneiss, lo cally con tain ing bi o tite. 
Dis con tin u ous lay ers (< 3 cm thick) of green ish gray,
fine-grained to me dium-grained calc-sil i cate rock are lo cally
abun dant (Fig ure 5).  The dif fer ent out crop belts of am phi bo lite
are in ter preted to rep re sent dif fer ent strati graphic ho ri zons
within the Nehumkeag Pond For ma tion.

Rusty schist and granofels mem ber (Onpr).  Units of rusty 
schist and granofels are ex posed at sev eral lo cal i ties in the south -
ern part of the quad ran gle, most no ta bly along Route 201 at the
ex treme south ern edge of the quad ran gle, where Den ham Stream 
emp ties into the West Branch of the Cathance River, along the
un named stream just west of the Fisher Road at the south ern
edge of the quad ran gle, and north of the Cathance River near
Pat ten Point (Fig ure 2).  The rocks are com posed pri mar ily of
me dium to dark gray, me dium-grained, deeply rusty-weath er -
ing, sulfidic, quartz-mus co vite-bi o tite ± sillimanite schist and
granofels.  The sev eral out crop belts of rusty schist and granofels 
are thought to rep re sent dif fer ent strati graphic ho ri zons within
the Nehumkeag Pond For ma tion.

Im pure mar ble and am phi bo lite mem ber (Onpm).  A
lithologically dis tinc tive unit within the Nehumkeag Pond For -
ma tion is exposed along the north ern shore of the Cathance
River across from Pat ten Point in the ex treme south east ern part
of the quad ran gle (Fig ure 2).  The im pure mar ble is light gray,
me dium-grained to coarse-grained, and con tains bi o tite, di op -
side, calcic am phi bole, epidote, and sphene (Fig ure 6).  These
im pu ri ties are com monly con cen trated in dis con tin u ous lay ers
0.1 to 3 cm in thick ness.  The dark gray, me dium-grained am phi -
bo lite char ac ter is ti cally con tains dis con tin u ous lay ers (< 3 cm
thick) and lenses of light green ish gray calc-sil i cate rock or light
gray im pure mar ble.  This dis tin guishes it from am phi bo lite of
unit Onpa, which is not cal car e ous.  Both rusty and non-rusty
weath er ing bi o tite ± gar net schist can also be found within this
mem ber.  The best ex po sures of the im pure mar ble are along the
Maine Cen tral Rail road ap prox i mately 1 ki lo me ter east of the
Cathance River cross ing, and the best ex po sures of the am phi bo -
lites are along the north shore of the Cathance River, across the
river from Pat ten Point.  (See Fig ure 2 for lo ca tion.)  This unit
may cor re late in part with unit Onpr of the Bath 1:100,000-scale
quad ran gle (Hussey and Marvinney, 2002; Hussey and Berry,
2002).  The name “Cathance River mem ber” pro posed in a pre -
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Fig ure 5.  Mot tled green and white calc-sil i cate lay ers in dark gray am -
phi bo lite, of the am phi bo lite mem ber of the Nehumkeag Pond For ma -
tion (Onpa).  (South east ern cor ner of the in ter sec tion of Route 201 and
Route 125, west of Stoddard Pond.)

Fig ure 4.  Highly rusty-weath er ing rocks of the Rich mond Cor ner
mem ber (Onprc).  Dark pur plish coat ing is thought to be ox i dized man -
ga nese com pounds.  (South east ern cor ner of the in ter sec tion of Route
201 and Route 197, near Rich mond Cor ner.)

Fig ure 6.  Pho to mi cro graph of an im pure mar ble sam ple from the im -
pure mar ble and am phi bo lite mem ber of the Nehumkeag Pond For ma -
tion (Onpm).  Bt = Bi o tite, Cc = cal cite, Di = di op side, Ep = epidote, Sp
= sphene.  (Plane po lar ized light.  From cuts along the Maine Cen tral
Rail road approximately 1.7 km east of Bowdoinham vil lage.) 



vi ous ver sion this re port (West and Cubley, 2006) and by West
and oth ers (2006) is aban doned.

Mount Ara rat Gneiss (Oma)

Name.  The Mount Ara rat Formation was de fined by
Hussey (1985, p. 13).  The unit is named “from out crops at and
near Mount Ara rat in Topsham.”  The name is ex tended north
into the Bowdoinham quad ran gle even though the re cent bed -
rock map of the Bath 1:100,000-scale quad ran gle (Hussey and
Marvinney, 2002) shows that the main map area of Mount Ara rat 
For ma tion does n't quite ex tend to the north edge of that map.

Be cause of its dis con tin u ous map pat tern, we agree with
Hussey that the Mount Ara rat might not be in sim ple strati -
graphic con tact with the Nehumkeag Pond For ma tion (Hussey
and Berry, 2002, p. 5).  We treat it here as a lithodemic unit rather
than a lithostratigraphic unit.  There fore, we here re vise the name 
from Mount Ara rat For ma tion to Mount Ara rat Gneiss as rec om -
mended for lithodemic units by the North Amer i can Strati -
graphic Code (Easton and oth ers, 2005).

Li thol ogy.  The Mount Ara rat Gneiss (Oma) in the
Bowdoinham quad ran gle con sists of lay ered gneiss es of the fol -
low ing two ma jor rock types: (1) light gray, me dium-grained to
coarse-grained, quartz-plagioclase-bi o tite gneiss (Fig ure 7); and 
(2) dark gray, me dium-grained, plagioclase-hornblende ± bi o tite 
gneiss and am phi bo lite (Fig ure 8).  Sub or di nate rock types in -
clude calc-sil i cate-bear ing am phi bo lite, and rusty-weath er ing
bi o tite ± gar net ± sillimanite schist.  In gen eral, the thick ness of
the lay er ing is be tween 2 and 15 cm, and con tacts be tween lay ers
are typ i cally sharp.  In some places, the lay er ing is much thicker,
around a me ter or so.  Dikes, sills, and boudins of coarse-grained
gran ite and peg ma tite, gen er ally with sharp con tacts, are com -
mon within this unit.

Within the Bowdoinham quad ran gle, the best ex po sures of
the Mount Ara rat Gneiss are road cuts on the west side of the
south bound lanes of I-295 just north of the Route 138 over pass
(Fig ure 7).  Much more ex ten sive ex po sures are lo cated to the
east of the map area in the ad join ing Rich mond 7.5’ quad ran gle,
just south of the I-295 in ter change with Route 197 (Fig ure 8).

Age and strati graphic re la tion ships of the Fal mouth-Bruns -
wick se quence

Pre lim i nary work on the Mount Ara rat and Nehumkeag
Pond For ma tions in the Freeport-Bruns wick area sug gests ages
of about 450 to 460 Ma (by John Aleinikoff, re ported by Hussey
and Berry, 2002).  A high-pre ci sion U-Pb age of 460 ± 2 Ma has
been ob tained from the Carrs Cor ner For ma tion in Palermo (Fig -
ure 1), a fault-bounded unit which might cor re late with the
Nehumkeag Pond For ma tion (Tucker and oth ers, 2001).  Thus,
the avail able in for ma tion sug gests rocks of the Fal mouth-Bruns -
wick se quence formed in Mid dle to Late Or do vi cian time.

Within the Fal mouth-Bruns wick se quence, the rel a tive
ages of the units are not known.  Newberg as sumed the Rich -
mond Cor ner, Nehumkeag Pond, and Mount Ara rat to be in
strati graphic suc ces sion in that or der from old est to youn gest,
but con sid ered this to be an “en tirely ar bi trary” choice
(Newberg, 1984, p.4).

Our map ping in the Bowdoinham quad ran gle shows the
Rich mond Cor ner to be a rel a tively thin, lat er ally dis con tin u ous,
and lithologically het er o ge neous unit com pletely sur rounded by
the Nehumkeag Pond For ma tion.  While this map pat tern could
be ex plained as an iso cli nal fold with Rich mond Cor ner in the
core, or as a fault sliver, we sug gest that the Rich mond Cor ner is
en closed stratigraphically within the Nehumkeag Pond For ma -
tion and thus con sider it to be a mem ber of the Nehumkeag Pond
For ma tion.

6

D. P. West, Jr. and J. F. Cubley

Fig ure 7.  Well lay ered quartzofeldspathic gneiss es of the Mount Ara -
rat Gneiss (Oma).  (Road cut be side I-295 on west side of south bound
lane, ap prox i mately 400 me ters north of Route 138 over pass.)

Fig ure 8.  Folded am phi bo lite and quartzofeldspathic gneiss of the
Mount Ara rat Gneiss (Oma).  (Road cut just south of I-295 in ter change
with Route 197 in the Rich mond quad ran gle.)



On the map, the Rich mond Cor ner is flanked by feldspathic 
gneiss es of the Nehumkeag Pond For ma tion to both sides, al -
though out crop con trol on the west side of this belt is ad mit tedly
poor.  In ad di tion to this mapped re la tion ship, the pre dom i nance
of am phi bo lites and feldspathic gneiss es ar gues for in clud ing the 
Rich mond Cor ner within the Fal mouth-Bruns wick se quence
rather than with the bed ded metasedimentary rocks of the Cen -
tral Maine se quence.

Re cent work in the Freeport-Bruns wick area to the south
(Fig ure 1) has iden ti fied a thin unit of gar net-bear ing granofels
in the Cen tral Maine se quence near its east ern con tact with the
Nehumkeag Pond For ma tion (Hussey and Marvinney, 2002;
Hussey and Berry, 2002).  Be cause of lith o logic sim i lar ity and
ap prox i mate on-strike po si tion, that unit was cor re lated with the
Rich mond Cor ner For ma tion.  On the ba sis of re la tion ships in
the Freeport-Bruns wick area, those work ers further pro posed
that the Rich mond Cor ner For ma tion be longed in the Cen tral
Maine se quence rather than the Fal mouth-Bruns wick se quence. 
Our map ping in the Bowdoinham quad ran gle sug gests to us,
how ever, that the Rich mond Cor ner mem ber near Rich mond
Cor ner does be long in the Fal mouth-Bruns wick se quence as
Newberg orig i nally thought.  One pos si ble res o lu tion is that the
gar net-bear ing rocks in the Freeport-Bruns wick area be long to
the Cen tral Maine se quence, and the rocks at Rich mond Cor ner
be long to the Fal mouth-Bruns wick se quence, but that the two
units do not cor re late.

The strati graphic po si tion of the Mount Ara rat Gneiss is
also prob lem atic.  The orig i nal as sump tion of a sim ple strati -
graphic po si tion above the Nehumkeag Pond was ques tioned by
Hussey (Hussey and Berry, 2002, p. 5), who sug gested that the
Nehumkeag Pond and Mount Ara rat may be interfingered or
struc tur ally in ter leaved to ac count for their com plex map pat -
tern.  Our map ping in the Bowdoinham quad ran gle shows a sim -
i lar com plex ity on the map, with interlayered mafic and fel sic
gneiss es oc cur ring as dis con tin u ous lenses within the
Nehumkeag Pond For ma tion.  (See geo logic map.)  While it is
possible that the Mount Ara rat Gneiss oc curs ei ther
stratigraphically above or be low the Nehumkeag Pond For ma -
tion, it would re quire a set of com plex struc tural re la tion ships.  It
ap pears to us, in stead, that rocks of the Mount Ara rat Gneiss are
con tained within the Nehumkeag Pond For ma tion at dif fer ent
strati graphic lev els.

Rocks are as signed to the Mount Ara rat Gneiss strictly on
the ba sis of li thol ogy.  The interlayered mafic and fel sic gneiss es
are in ter preted to have dom i nantly ig ne ous protoliths, yet sev -
eral hy poth e ses could explain the orig i nal re la tion ship of these
ig ne ous rocks to the Nehumkeag Pond Formation:  

• A depositional or fa cies re la tion ship.  The interlayered
gneiss es may rep re sent vol ca nic flows or pyroclastic
units that were erupted at dif fer ent times dur ing de po si -
tion of volcanogenic sed i ments of the Nehumkeag Pond
For ma tion.  

• An in tru sive re la tion ship.  The gneiss es may rep re sent
de formed plutonic rocks in tru sive into the Nehumkeag
Pond.  

•  A struc tural re la tion ship.  Con tacts be tween the Mount
Ara rat and the Nehumkeag Pond may be en tirely struc -
tural, along a premetamorphic thrust fault for ex am ple,
as sug gested by Osberg (in Tucker and oth ers, 2001) and
Hussey (Hussey and Berry, 2002).  

De cid ing among these and other pos si bil i ties is dif fi cult
given the rel a tively poor ex po sure and the su per im posed ef fects
of high-grade meta mor phism and pen e tra tive de for ma tion.  Fur -
ther in for ma tion on the geo chron ol ogy and geo chem is try might
help.

Be cause rocks as signed to the Mount Ara rat Gneiss are
found ex clu sively within the Nehumkeag Pond For ma tion, and
in keep ing with pre vi ous no men cla ture, we con tinue to con sider
the Mount Ara rat Gneiss to be part of the Fal mouth-Bruns wick
se quence.  How ever, be cause it is pos si ble that it may have an in -
tru sive or struc tural re la tion ship to sur round ing rocks, we are not 
cer tain that it is a lithostratigraphic unit, ei ther as its own for ma -
tion or as a mem ber of the Nehumkeag Pond For ma tion.  For
these rea sons, we con sider it a lithodemic unit and de lib er ately
re vise its name to Mount Ara rat Gneiss.

CEN TRAL MAINE SE QUENCE

In the re gion of Maine to the south and west of the
Bowdoinham quad ran gle, strat i fied rocks north west of the Fal -
mouth-Bruns wick se quence have been grouped in for mally into
the Cen tral Maine se quence by Hussey (1989).  Along strike to
the north east of the Bowdoinham quad ran gle, in the
Waterville-Palermo area (Fig ure 1), the stra tig ra phy of these
rocks has been de scribed by Osberg (1968, 1988; Tucker and
oth ers, 2001), al though he did not use the general term Central
Maine se quence.  We here ex tend the term Cen tral Maine se -
quence north into the Bowdoinham quadrangle from the ad ja -
cent Bath 1:100,000-scale map sheet (Hussey and Marvinney,
2002).

In gen eral, the Cen tral Maine se quence con sists of a thick
Late Or do vi cian(?) - Early De vo nian as sem blage of meta mor -
phosed wacke, shale, and mi nor lime stone (Osberg, 1988).  The
east ern por tion of this belt of rocks is ex posed in the west ern half
of the Bowdoinham quad ran gle.  While we agree that these rocks 
be long to the Cen tral Maine se quence, their strati graphic po si -
tion within that se quence is un cer tain.  They are ten ta tively as -
signed to the Vassalboro For ma tion.

It should be noted that two other units are in cluded in the
Cen tral Maine se quence in the Bath 1:100,000-scale quad ran gle
(Fig ure 2), the Torrey Hill and Rich mond Cor ner For ma tions
(Hussey and Marvinney, 2002; Hussey and Berry, 2002).  The
Torrey Hill For ma tion was not rec og nized in the Bowdoinham
quad ran gle, and might not ex tend this far to the north.  The Rich -
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mond Cor ner we in ter pret to be a mem ber of the Nehumkeag
Pond For ma tion in the Fal mouth-Bruns wick se quence, as dis -
cussed above.

Most work ers have agreed fairly well on the mapped lo ca -
tion of the con tact be tween gneiss es of the Fal mouth-Bruns wick
se quence and meta mor phosed sed i ments of the Cen tral Maine
se quence.  The na ture of that con tact, how ever, has been in ter -
preted in dif fer ent ways, and re mains un cer tain due pri mar ily to
the sub se quent com plex his tory of de for ma tion.  The con tact has
been in ter preted as an "early fault" (Pankiwskyj, 1976), a
west-di rected premetamorphic thrust fault (Osberg and others,
1985), a faulted un con formity (Osberg, 1988), an east-di rected
premetamorphic thrust (Hussey, 1989; Pankiwskyj, 1996), or a
faulted con form able suc ces sion (Tucker and oth ers, 2001).  All
these work ers ad mit that the orig i nal re la tion ship is mod i fied by
later meta mor phism and de for ma tion along the con tact.

Vassalboro For ma tion (Sv, Svr)

No men cla ture.  Pre vi ous maps (Newberg, 1981a, 1984;
Osberg and oth ers, 1985) as signed rocks in the west ern part of
the Bowdoinham quad ran gle to the Vassalboro For ma tion.  Sub -
se quent work to the north east, in the area be tween Waterville and 
Palermo (Fig ure 1), con cluded that only those rocks
stratigraphically above the Waterville For ma tion be long to the
Vassalboro For  ma tion; l i thologically sim i  lar rocks
stratigraphically be low the Waterville For ma tion near Palermo
were re as signed to the Hutchins Cor ner For ma tion (Osberg,
1988; Tucker and oth ers, 2001).  Un for tu nately, it is not yet
known whether the rocks in the west ern part of the Bowdoinham
quad ran gle lie stratigraphically above or be low the Waterville
For ma tion, and there fore whether they be long to the Vassalboro
For ma tion or to the Hutchins Cor ner For ma tion.  The crit i cal
area, in the Pur ga tory 7.5’ quad ran gle (Fig ure 1), has not been
mapped in de tail.  The re gional map nearby to the north by

Tucker and oth ers (2001) sug gests that the Waterville For ma tion
may pro ject south ward along strike to the west of the
Bowdoinham quad ran gle, in which case the rocks in the
Bowdoinham quad ran gle, shown here as Vassalboro For ma tion,
would be long in stead to the Hutchins Cor ner For ma tion.  But the 
con tin u a tion of that belt of Waterville For ma tion has not been re -
ported in the Port land 1:100,000-scale sheet to the south (Berry
and Hussey, 1998).  Fur ther more, Newberg’s (1984) re con nais -
sance map of the Gar di ner 15’ quad ran gle shows that belt of
Waterville For ma tion end ing in the vi cin ity of Litch field Plains
in a fold nose.  If that in ter pre ta tion is cor rect, then the rocks in
the Bowdoinham quad ran gle, which lie south east of the
Waterville For ma tion, would be long to the Vassalboro For ma -
tion on the south east limb of that fold.  Be cause this un cer tainty
re mains, we have de cided to con tinue us ing the name Vassalboro 
For ma tion in the Bowdoinham quad ran gle as shown on pre vi ous 
maps, rather than re as sign these rocks to the Hutchins Cor ner
For ma tion as was done in the ad ja cent Bath 1:100,000-scale
sheet to the south (Hussey and Marvinney, 2002).  So while it
may ap pear that units do not match be tween the Bowdoinham
quad ran gle and the Bath 1:100,000-scale sheet, in fact the only
un cer tainty is about which name to use; the same rocks con tinue
un in ter rupted across the map bor der.

Li thol ogy.  Rocks as signed to the Vassalboro For ma tion
(Sv) in the Bowdoinham quad ran gle are me dium gray to pur -
plish-gray, fine-grained to me dium-grained, quartz-plagioclase-
bi o tite granofels and schist interlayered with green ish-gray,
fine-grained, plagioclase-quartz-actinolite-di op side ± bi o tite
granofels (Fig ure 9).  Lay ers range in thick ness from 3 to 25 cm
with the calc-sil i cate lay ers be ing sub or di nate and com monly
thin ner and dis con tin u ous along strike.  The rocks typ i cally
weather to a slab by ap pear ance, and fo li a tion sur faces are com -
monly rusty weath er ing (Fig ure 10).  Coarse-grained gran ite and 
gran ite peg ma tite dikes, sills, and boudins, gen er ally with sharp
con tacts, are com mon in this unit.  An ac ces si ble, rep re sen ta tive
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Fig ure 9.  Fresh ex po sure of the Vassalboro For ma tion (Sv) show ing
green ish gray calc-sil i cate granofels lay ers within me dium gray
quartz-plagioclase-bi o tite granofels.  (Quarry, ap prox i mately 1 ki lo me -
ter north east of Bowdoin Cen ter.)

Fig ure 10.  Typ i cal nat u ral out crop of the Vassalboro For ma tion (Sv)
show ing a slightly rusty weath ered sur face and a slab by weath er ing pat -
tern.  (In the church park ing lot ap prox i mately 100 me ters north of the
South Bowdoin Cem e tery, off the Burrough Road.)



ex po sure of this unit can be found just north of the South
Bowdoin cem e tery on the Burrough Road in the south west ern
por tion of the quad ran gle (Fig ures 2 and 10).

In the cen tral por tion of the quad ran gle, two small lenses of
rusty schist and granofels (Svr) are mapped within the
Vassalboro For ma tion.  The rocks are me dium to dark gray, mod -
er ately to ex ten sively rusty-weath er ing, sulfidic and lo cally gra -
phitic, quartz-plagioclase-mus co vite-bi o tite ± sillimanite schist
and granofels.  Mi nor amounts of light gray, fine-grained to me -
dium-grained, plagioclase-quartz-bi o tite granofels are pres ent
within the unit.  Also in cluded within the north ern most lens are
me dium gray, quartz-plagioclase-bi o tite-gar net ± sillimanite
gneiss and granofels with lo cally abun dant dis con tin u ous lay ers
of coticule.  Coticule is un known else where in the Vassalboro. 
The best ex po sures of these rocks are along the East Cathance
Stream in the cen tral por tion of the quad ran gle (Fig ure 2).

IN TRU SIVE ROCKS

An as sort ment of in tru sive rocks is ex posed in the
Bowdoinham quad ran gle.  These rocks are di vided into units
based on com po si tion, in ferred age, and re la tion ships to re gional 
deformational and meta mor phic events.  Compositionally, the
rocks range from peraluminous gran ite to ba salt.  Some of the in -
tru sions are strongly fo li ated and recrystallized, while oth ers
post date all re gional de for ma tion and meta mor phism.  Al though
di rect geo chron ol ogi cal data is only avail able for one of these
rock units, the rocks are thought to range in age from De vo nian
to Me so zoic by cor re la tion to dated rocks in the sur round ing re -
gion.  In ad di tion to the in tru sive rock bod ies por trayed on the ac -
com pa ny ing geo logic map, coarse-grained gran ite and gra nitic
peg ma tite bod ies too small to be mapped at a scale of 1:24,000
in trude all strat i fied units in the study area.  Pre vi ous re con nais -
sance map ping re ported the pres ence of wide spread pegmatites
and rare mafic dikes in the Bowdoinham quad ran gle, but did not
show them on a map (Newberg, 1984).

Horn beam Hill gneiss (Dhh) (new name)

A strongly de formed and meta mor phosed long, nar row in -
tru sive rock body has been rec og nized and mapped through
nearly the en tire north-south length of the Bowdoinham quad -
ran gle.  This in tru sion is herein named the Horn beam Hill gneiss
for ex po sures on and north east of Horn beam Hill, Bowdoin
(Fig ure 2).  The in tru sion con tains at least four dif fer ent rock
types but at tempts to map these in di vid ual rock types at a scale of 
1:24,000 were un suc cess ful.  In di vid ual ex po sures may be dom -
i nated by a sin gle rock type, or they may con tain mul ti ple types. 
The na ture of con tacts among the dif fer ent rock types within the
pluton, and be tween the pluton and the sur round ing coun try
rocks, are dif fi cult to in ter pret due to over print ing de for ma tion
and meta mor phism.

The Horn beam Hill gneiss is dom i nated by plutonic gneiss -
es of in ter me di ate to fel sic com po si tion.  It con tains the fol low -
ing rock types, listed in or der of de creas ing abun dance: (1) Light
to me dium gray, me dium-grained to coarse-grained, plagioclase
- quartz - K-feld spar - bi o tite - gar net ± hornblende gneiss.  This
rock, in ter preted to rep re sent meta mor phosed tonalite or
granodiorite, is char ac ter ized by rel a tively coarse-grained (up to
2 cm across) poikilitic red-brown gar net (Fig ure 11).  (2) Light
gray, me dium-grained to coarse-grained, K-feld spar - quartz -
plagioclase - bi o tite ± gar net gneiss, in ter preted to rep re sent
meta mor phosed gran ite. (3) Light gray, me dium-grained, por -
phy ritic, K-feld spar - quartz - plagioclase - bi o tite gneiss.  This
rock type is char ac ter ized by aligned K-feld spar phenocrysts up
to 3 cm in length (Fig ure 12), and is in ter preted to rep re sent
meta mor phosed por phy ritic gran ite.  (4) Dark gray, fine-grained
to me dium-grained, plagioclase - hornblende - bi o tite - quartz
gneiss, in ter preted to rep re sent meta mor phosed diorite.

The Horn beam Hill gneiss ap pears to ter mi nate south ward
along the south ern end of Wheeler Hill (Fig ure 2) in an area of
poor ex po sure.  To the north, it ap pears to ex tend be yond the
north ern bound ary of the quad ran gle, as de formed plutonic
rocks can be found on the small hills east of Route 197 and west
of the Kennebec-Sagadahoc County line.  The most ac ces si ble
ex po sures of the gneiss es can be found on the small hill im me di -
ately north east of Hill 387, north-north west of the in ter sec tion of 
the Millay Road and Route 201 (Fig ure 2).  A large ra dio tower is
pres ent on this hill (not shown on the U.S.G.S. top o graphic map)
and the best ex po sures are on the steep south ern and east ern
slopes of this hill (Fig ure 11).  Ex cel lent ex po sures may also be
found on the small hill 200 me ters due north of the in ter sec tion of 
Route 201 with the small cross-road west of Blanchard Cem e -
tery.
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Fig ure 11.  Red dish brown poikilitic gar nets within bi o tite-hornblende
tonalitic gneiss of the Horn beam Hill gneiss (Dhh).  (Un named hill 400
me ters north of in ter sec tion of Millay Road and Route 201.)



Al though the Horn beam Hill gneiss was not mapped by
Newberg (1984), he did rec og nize the in tru sive na ture of some
of the rocks:

“In the south west por tion of the quad ran gle on Horn beam Hill, as well

as on sev eral small el lip ti cal hills to the north and north east, this mem -

ber con tains coarse-grained, mas sive feldspathic gar net-bi o tite

granofels in which feld spar megacrysts are quite prom i nent giv ing the

rocks a pop corn ap pear ance.  Pre lim i nary thin sec tion ex am i na tion of

this li thol ogy sug gests it is a meta mor phosed in tru sive ig ne ous rock”

(Newberg, 1984, p. 4).

There ap pears to be an in con sis tency be tween Newberg’s
re port and his map.  In this quote from his re port, the in tru sive
rocks on Horn beam Hill are de scribed as be ing within his Rich -
mond Cor ner mem ber, but most of the area where we have
mapped Horn beam Hill gneiss is shown on his map as Mount
Ara rat mem ber of the Cush ing For ma tion.

We have ex am ined mul ti ple thin sec tions from the var i ous
rock types within the Horn beam Hill gneiss.  From tex tural and
min er al og i cal ob ser va tions such as por phy ritic (Fig ure 12) and 
hypidiomorphic-gran u lar (Fig ure 13) tex tures, twinned
plagioclase, embayed quartz, and  zoned al la nite, we con clude
that this rock body was orig i nally plutonic.  The va ri ety of rock
types found within the in tru sion raises the pos si bil ity that the
mapped body rep re sents a com pos ite in tru sion.  Whole-rock
geo chem i cal anal y sis of 11 sam ples from the Horn beam Hill
gneiss gave SiO2 con tents rang ing from 55 to 72 weight per cent
(Cubley, 2005).  These anal y ses al low a comagmatic re la tion -
ship among the dif fer ent rock types (Cubley, 2005).

Cubley and West (2005) re ported a pre lim i nary U-Pb
(SHRIMP) zir con age of 385 ± 6 Ma from rock type (1) de -
scribed above, which they in ter preted to rep re sent the orig i nal

crys tal li za tion age of the in tru sion.  That age was cal cu lated by
av er ag ing both core and rim ages which, based on pre lim i nary
anal y ses, were be lieved to be in dis tin guish able in age.  We no
lon ger think this to be the case.  More re cently, an ad di tional 24
in di vid ual SHRIMP anal y ses of zir cons from this rock have
yielded greater pre ci sion on both the core and rim ages. 
Cathodoluminescence im ages of zir cons from the Horn beam
Hill gneiss show low-ura nium ig ne ous cores with os cil la tory
zon ing, sur rounded by high-ura nium rims (Fig ure 14).  The
weighted av er age of the low-ura nium cores gives an age of 393 ± 
4 Ma which is in ter preted to rep re sent the orig i nal ig ne ous crys -
tal li za tion age of the rock.  The weighted av er age of the
high-ura nium rims pro vides an age of 380 ± 4 Ma which is in ter -
preted to rep re sent dy namic recrystallization (meta mor phism) of 
the in tru sion.

Fo li ated gran ite (Dfg)

Four sep a rate strongly fo li ated gra nitic in tru sions (Dfg)
have been mapped in the south-cen tral and south east ern por tions 
of the quad ran gle.  These rocks are light gray, fine-grained to
coarse-grained, bi o tite ± mus co vite ± gar net strongly fo li ated
gran ite to gra nitic gneiss.  Xe no liths of fel sic gneiss or
quartz-plagioclase-bi o tite granofels up to sev eral me ters across
and aligned par al lel to the fo li a tion are lo cally abun dant.  While
these in tru sions are not lithologically iden ti cal to one an other,
they are grouped un der the same unit la bel on the map be cause
they all ex hibit in tense fo li a tion.  The de formed in tru sion north
of Route 138 in Bowdoin con tains abun dant gar net (Fig ure 15);
the larger body ex posed be tween the Ridge Road and I-295 con -
tains no gar net, but is char ac ter ized by an abun dance of large xe -
no liths.  The other two bod ies, near East Cathance Stream, do not 
con tain ap pre cia ble gar net or xe no liths.  The age of these in tru -
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Fig ure 13.  Pho to mi cro graph of Horn beam Hill gneiss (Dhh)  show ing
hypidiomorphic gran u lar tex ture in a gar net-bear ing bi o tite tonalite
gneiss.  Subhedral twinned plagioclase, embayed quartz and bi o tite are
typ i cal of plutonic rocks.  (Un der crossed polars.  Ap prox i mately 1.25
km north west of the in ter sec tion of the Millay Road with Route 201.)

Fig ure 12.  Strongly aligned al kali feld spar megacrysts within the por -
phy ritic phase of the Horn beam Hill gneiss (Dhh).  (1.5 km west of Rich -
mond Cor ner.)



sions is not known, but they evidently in truded prior to or dur ing
a ma jor duc tile deformational event.

Bi o tite gran ite and peg ma tite (Dp)

Small bod ies of peg ma tite are abun dant and widespread in
the Bowdoinham quad ran gle.  They have been di vided into three 
types, based on dis tinc tive lith o logic as pects: bi o tite gran ite and
peg ma tite (Dp), tour ma line-bear ing peg ma tite (Dtp), and
pegmatites with graphic tex ture (Pp).  The bod ies of bi o tite gran -
ite and peg ma tite (Dp) are mapped in the west ern half of the
quad ran gle.  They con sist of light gray, coarse-grained to peg -
ma titic, mod er ately fo li ated to non-fo li ated, bi o tite ± mus co vite
± gar net ± tour ma line gran ite and gran ite peg ma tite.  The fo li a -
tion, al though not gen er ally strong, sug gests these rocks are
older than the other two peg ma tite types, which are not fo li ated. 
Tucker and oth ers (2001) have re ported a U-Pb zir con age of 367 
± 1 Ma from a small, lithologically sim i lar peg ma tite from the
Gar di ner 7.5’ quad ran gle (Fig ure 1), sug gest ing a Late De vo nian 
age for these in tru sions.  Poor ex po sure lim its the abil ity to as -
sess the size and con tact re la tions of these in tru sions.

Tour ma line gran ite and peg ma tite (Dtp)

Rel a tively small, tour ma line-bear ing peg ma tite in tru sions
(Dtp) can be found also within the Vassalboro For ma tion in the
north west ern por tion of the quad ran gle.  These rocks are light
gray to white, very coarse-grained to peg ma titic, tour ma line ±
mus co vite ± bi o tite ± gar net gran ite peg ma tite.  Euhedral to
subhedral black tour ma line grains up to 10 cm in length char ac -
ter ize this rock (Fig ure 16).  One small tour ma line-bear ing peg -
ma tite body is mapped within the Nehumkeag Pond For ma tion
on the east side of Wheeler Hill in the south ern part of the quad -
ran gle (Fig ure 2).  This par tic u lar in tru sion is some what dif fer -
ent from those to the north west in that the tour ma line and mica
grain size is much coarser, with tour ma line grains up to 40 cm in
length.

The tour ma line-bear ing pegmatites do not ex hibit a
graphic tex ture and al though gen er ally not fo li ated, the feld spars 
do of ten show ev i dence of frac tur ing.  Their age is un clear but
they ap pear to post date the main phases of re gional de for ma tion
and meta mor phism and so they are likely youn ger than Mid dle
De vo nian.  They ap par ently trend north-north east, but un for tu -
nately, poor ex po sure in hib its ac cu rate as sess ment of their size
and con tact re la tion ships.

Mus co vite gran ite peg ma tite (Pp)

Ex posed along a gen er ally north-north east erly trending
belt through the south ern and east ern part of the quad ran gle are
nu mer ous rel a tively small but lithologically dis tinc tive peg ma -
tite in tru sions (Pp).  The rocks are light gray to white, very
coarse-grained to peg ma titic, mus co vite-bear ing graphic gran ite 
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Fig ure 15.  Strongly fo li ated gar net-bear ing bi o tite gran ite (Dfg).  (On
the small hill north of Route 138 and south of Stoddard Pond, be tween
Route 201 and I-295, Bowdoin.)

Fig ure 14.  Cathodoluminescence im age of zir con crys tals from the
Horn beam Hill gneiss that were an a lyzed by the SHRIMP at Stan ford
Uni ver sity.  The lighter col ored (low U/Th ra tio) cores with os cil la tory
zon ing and euhedral ter mi na tions are char ac ter is tic of zir con grown
from a melt dur ing ig ne ous crys tal li za tion.  The darker col ored (high
U/Th ra tio) rims which partly embay the core and have some what
rounded ex ter nal mor phol ogy, are char ac ter is tic of zir con grown dur ing 
meta mor phism.  SHRIMP anal y ses of mul ti ple spots in the cores yield a 
cal cu lated age of 393 ± 4 Ma, which is in ter preted to rep re sent the crys -
tal li za tion age of the orig i nal ig ne ous rock.  Anal y sis of mul ti ple spots
in the rims gives a cal cu lated age of 380 ± 4 Ma, in ter preted to rep re sent
the time of meta mor phic recrystallization.  (Width of the photo is ap -
prox i mately 500 mi crons.  See geo logic map for sample lo ca tion.)



peg ma tite, lo cally with bi o tite or gar net.  A graphic inter growth
of quartz and al kali feld spar (Fig ure 17) char ac ter izes these
rocks.  It is not un com mon to find mica “books” over 10 cm
across.  Xe no liths up to sev eral me ters across are com mon along
the mar gins of the in tru sions.  The pegmatites are com monly
found on small north west-trending hill tops in ar eas of oth er wise 
rel a tively poor ex po sure (Fig ure 18).  From the hill shapes and
lo cal ex po sures of coun try rock, the peg ma tite bod ies are
thought to be north west-trending.  Ac cu rate as sess ment of the
size and shape of these in tru sive bod ies is hin dered by poor ex -
po sure.  The rocks are unfoliated and show no ev i dence of
recrystallization and thus are in ter preted to post date re gional de -
for ma tion and meta mor phism.

The pegmatites with graphic tex ture are lithologically sim -
i lar to gran ite pegmatites in the Topsham area in the ad ja cent
Bruns wick 7.5’ quad ran gle (Fig ure 1) and com prise  the north ern 
edge of the Topsham Peg ma tite dis trict (Shainin, 1948; Cameron 
and oth ers, 1954; Hussey and Berry, 2002, p. 24).  Tomascak and
oth ers (1996) re port U-Pb monazite ages rang ing from 268 to
275 Ma for pegmatites in the Topsham area, sug gest ing a Perm -
ian age of in tru sion.  Many of these peg ma tite bod ies have been
the sites of past, rel a tively small-scale quar ry ing ac tiv ity, mainly
for feld spar.  Quarries en coun tered dur ing the cur rent map ping
pro ject are in di cated by sym bols on the ac com pa ny ing geo logic
map.

Diabase (Mzd)

Rel a tively thin, fine-grained mafic dikes (Mzd), gen er ally
less than 5 me ters across, were found at sev eral lo cal i ties
through the mid dle of the quad ran gle, al though they are not par -
tic u larly com mon.  The rocks are dark gray to black, fine-grained 
diabase (Fig ure 19).  Chilled mar gins are pres ent along coun try
rock con tacts.  Petrographic ex am i na tion re veals par tially al -
tered microphenocrysts of clinopyroxene up to 1.5 mm in length
set in a finer-grained ma trix of plagioclase, clinopyroxene, and
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Fig ure 17.  Inter growth of quartz and al kali feld spar in what is called a
graphic tex ture, from its sim i lar ity to an cient cu ne i form writ ing.  Quartz 
grains with straight sides are en closed in al kali feld spar in a crys tal lo -
graphi cally con trolled pat tern.  This tex ture is char ac ter is tic of the mus -
co vite-bear ing pegmatites (Pp) in the Bowdoinham quad ran gle. 
(Ap prox i mately 1.4 km east-north east of Stoddard Pond, Bowdoin.)

Fig ure 18.  Typ i cal hill top ex po sure of the mus co vite-bear ing graphic
pegmatites (Pp).  View to the north west.  (Same lo ca tion as Fig ure 17.)

Fig ure 16.  Gra nitic peg ma tite with black tour ma line (Dtp) rep re sen ta -
tive of many small in tru sions in the west ern por tion of the quad ran gle. 
(Blasted boul der, 1 km north east of Caesar Pond, Bowdoin.)

Fig ure 19.  Ver ti cal diabase dike (Mzd) about 60 cm thick cut ting peg -
ma tite.  Co lum nar joints are well de vel oped.  (End of south bound en -
trance ramp to I-295 at the Bowdoinham Exit.)



mag ne tite.  These dikes post date all re gional de for ma tion and
meta mor phism.  The larg est of the dikes, greater than 20 me ters
wide, is ex posed on both sides of Route 138 ap prox i mately 400
me ters south of its in ter sec tion with Route 197 at Rich mond Cor -
ner.  Newberg (1984) in ter preted this dike as con tin u ous to the
south west with an other dike ex po sure in East Cathance Stream
near the mid dle of the Bowdoinham quad ran gle.

Based on sim i lar i ties with dikes such as the Christ mas
Cove dike ex posed in the ad ja cent Bath 1:100,000-sheet where
ra dio met ric ages are avail able (West and McHone, 1997), the
mafic dikes in the Bowdoinham quad ran gle are in ter preted to be
Me so zoic in age.

STRUC TURAL GE OL OGY

The strat i fied rocks in the Bowdoinham quad ran gle are
folded and fo li ated due to pen e tra tive duc tile de for ma tion pre -
sum ably as so ci ated with the Late Si lu rian-De vo nian Aca dian
orog eny.  Un for tu nately, rel a tively poor ex po sure and the lack of
dis tinc tive marker lay ers, par tic u larly within the mo not o nous
Vassalboro For ma tion, hin dered the rec og ni tion of any
map-scale folds that might ex ist in the quad ran gle.  Sim i larly, no
large-scale fault ing was dem on strated in the study area from
avail able ev i dence.

Mi nor out crop-scale folds, al though not com mon, can be
found in the study area where three-di men sional ex po sures are
avail able, such as in quar ries or road cuts along I-295.  Un for tu -
nately, a lack of abun dant three-di men sional ex po sure in the
quad ran gle pre vented the mea sure ment of a sta tis ti cally sig nif i -
cant num ber of these fold ori en ta tions.  Qual i ta tively, nearly all
of these folds have interlimb an gles of less than 50o (tight to iso -
cli nal) and show re cum bent to mod er ately in clined ax ial sur -
faces with sub-hor i zon tal to gently plung ing hinge lines (Fig ure

20).  Fold asym me try, where de ter mined, shows no gen eral con -
sis tency as both east erly and west erly vergence di rec tions ex ist. 
Im por tantly, coarse-grained gran ites and  pegmatites (Dp) in the
Cen tral Maine se quence (Fig ure 21) and migmatitic lay er ing in
the Fal mouth-Bruns wick se quence have been folded.  (See also
Fig ure 36 of Hussey and Berry, 2002)

It is wor thy of note that no up right iso cli nal folds, so char -
ac ter is tic of much of south-coastal and cen tral Maine (e.g., F2

folds of Osberg, 1988 and F2 folds of  Hussey and Berry, 2002),
were found in the quad ran gle.  This is in the large area of "flat
struc tures" de scribed by Osberg and others (1989).  Sim i larly, no 
asym met ric Z-folds (F3 folds of Osberg, 1988 and F2 folds of
West and oth ers, 2003) or other struc tures con sis tent with dextral 
shear de for ma tion were iden ti fied in the quad ran gle.

All the strat i fied rocks of the Cen tral Maine and Fal -
mouth-Bruns wick se quences, as well as the de formed plutonic
rocks (Dhh and Dfg), dis play a well de vel oped fo li a tion.  This
fo li a tion is typ i cally sub-par al lel to compositional lay er ing.  The
ori en ta tions of poles to fo li a tion are shown on ste reo grams in
Fig ures 22a, 22b, and 22c for each of the three ma jor lith o logic
units in the quad ran gle.  There ap pears to be no sig nif i cant dif -
fer ence in the ori en ta tion of fo li a tion be tween the ma jor lith o -
logic units, with a gen eral north to slightly north west erly strike
and a gen tle to mod er ate east erly dip.  Be cause of its sim i lar ity in
style and ori en ta tion, the fo li a tion in the Horn beam Hill gneiss
(Fig ure 22c) is in ter preted to be a re gional fo li a tion.  This sug -
gests that the ma jor fo li a tion-form ing event oc curred af ter the
ca. 393 Ma in tru sion of the pluton.

The most con spic u ous joint ori en ta tions were re corded in
se lected out crops (Fig ure 22d).  No at tempt was made to quan ti -
ta tively as sess the ori en ta tion of frac tur ing within the quad ran -
gle.  A large pre pon der ance of mea sured joints trend
west-north west, with strikes be tween 280o and 310o.  This agrees 
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Fig ure 20.  Re cum bently folded compositional lay er ing in rocks of the
Mount Ara rat Gneiss.  View is to the north and fold asym me try sug gests 
an east erly vergence.  (Road cut along I-295 on west side of south bound
lane, north of Route 138 over pass.)

Fig ure 21.  Folded pegmatites (Dp) in the Vassalboro For ma tion in the
north wall of an ag gre gate quarry.  Their asym me try sug gests a west -
ward vergence.  (Ap prox i mately one ki lo me ter north east of Bowdoin
Cen ter.  Pho to graph cour tesy of Ar thur Hussey.)
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Fig ure 22.  Orientations of struc tural el e ments from the Bowdoinham quad ran gle.  The num ber of mea sure ments plot ted (N) is given
be low each di a gram.  A. Poles to fo li a tion and compositional lay er ing  in rocks of the Cen tral Maine se quence.  The mean ori en ta tion
is N10oW, 26oE.  B. Poles to fo li a tion in rocks of the Fal mouth-Bruns wick se quence.  The mean ori en ta tion is N2oW, 32oE.  C. Poles
to fo li a tion in rocks of the Horn beam Hill gneiss.  The mean ori en ta tion is N5oW, 31oE.  D. Rose di a gram of joint ori en ta tions.  (A, B,
and C are lower hemi sphere equal area pro jec tions.)



with the data of Newberg (1984, Fig ure 4) which show a strong
max i mum of joint ori en ta tions in the Gar di ner 15’ quad ran gle
around 285o.

META MOR PHISM

Meta mor phism in the Bowdoinham quad ran gle was not
stud ied in de tail for this map ping pro ject.  Based on field and thin 
sec tion ob ser va tions, how ever, some gen eral state ments about
the meta mor phism can be made.  Strat i fied rocks of both the
Cen tral Maine and Fal mouth-Bruns wick se quences in the
Bowdoinham quad ran gle have been meta mor phosed to at least
the mid dle am phi bo lite fa cies.  Rocks of pelitic bulk com po si -
tion in both lithotectonic belts con tain abun dant pris matic
sillimanite (Fig ure 23).  Al though no at tempt was made to iden -
tify the pres ence of meta mor phic K-feld spar in the pelitic rocks,
the wide spread migmatization of rocks within the Nehumkeag
Pond For ma tion sug gests that up per am phi bo lite fa cies con di -
tions may have been reached.  The pres ence of clinopyroxene in
calc-sil i cate rocks, and hornblende + plagioclase in rocks of
mafic com po si tion, is also con sis tent with am phi bo lite fa cies
meta mor phism.  Min er al og i cal con straints on the pres sure of
this meta mor phism are lack ing in the quad ran gle, but meta mor -
phic stud ies in sur round ing ar eas sug gest this meta mor phism
was low pres sure, Buchan-style (see Guidotti, 1989 for a re -
view).  There is no ob vi ous ev i dence for sig nif i cant dif fer ences
in meta mor phic in ten sity across the quad ran gle, and no tex tural
ev i dence for polymetamorphism was ob served.

Rocks of the Horn beam Hill gneiss (Dhh) have been sig -
nif i cantly recrystallized.  Ad di tion ally, the strongly fo li ated gra -
nitic in tru sions (Dfg) show ev i dence of sig nif i cant recrystal-
lization such as recrystallized quartz.  Un for tu nately, the bulk
com po si tions of these rocks do not yield low-vari ance min eral

as sem blages that might con strain the con di tions of meta mor -
phism through a petro gen etic grid ap proach.  The re main ing in -
tru sive rocks (Dp, Dtp, Pp, Mzd) show lit tle or no ev i dence for
meta mor phic recrystallization.

GEO LOGIC HIS TORY

The geo logic his tory of the Bowdoinham quad ran gle be -
gins with the de po si tion of vol ca nic and sed i men tary rocks of the 
Fal mouth-Bruns wick se quence in Mid dle to Late Or do vi cian
time.  This age as sign ment is based on geo chron ol ogi cal work in
what ap pear to be cor re la tive rocks both to the north (Tucker and
oth ers, 2001) and to the south (Hussey and Berry, 2002).  A re -
con nais sance geo chem i cal study of am phi bo lites from the Fal -
mouth-Bruns wick se quence in the Bowdoinham quad ran gle
shows they have the com po si tion of subalkaline, tholeiitic ba salt
(Cubley, 2005).  On tec tonic dis crim i na tion di a grams, the sam -
ples plot in com po si tion fields for mid-ocean ridge ba salt and is -
land arc tholeiite, sug ges tive of a vol ca nic arc or per haps more
likely a back-arc ba sin tec tonic en vi ron ment.  These geo chem i -
cal char ac ter is tics are sim i lar to those of the Spring Point For ma -
tion, sim i larly-aged rocks along strike to the north east de scribed
by West and oth ers (2004).  Rocks of the Mount Ara rat Gneiss
are in ter preted to rep re sent meta mor phosed mafic through fel sic
ig ne ous rocks, while rocks of the Nehumkeag Pond For ma tion
are thought to have more of a volcanogenic sed i men tary com po -
nent, prox i mal to a vol ca nic source (Hussey, 1985, 1988; Hussey 
and Berry, 2002).

Late Or do vi cian(?) – Si lu rian rocks of the Vassalboro For -
ma tion rep re sent a dis tinct change in the depositional en vi ron -
ment.  The protoliths of these rocks are in ter preted to be
interlayered cal car e ous and non-cal car e ous turbidite de pos its.  It 
is un clear from work in this quad ran gle as to the na ture of the
con tact be tween rocks of the Cen tral Maine and Fal -
mouth-Bruns wick se quences.  Noth ing found dur ing this study
elim i nates any of the pre vi ous hy poth e ses of a con form able, un -
con form able, or thrust fault con tact.  De po si tion of the Cen tral
Maine se quence con tin ued through the Si lu rian to the Early De -
vo nian, al though none of these youn ger rocks are ex posed in the
Bowdoinham quad ran gle.

By the Early Devonian, rocks of both the Fal mouth-Bruns -
wick and Cen tral Maine se quences were bur ied be neath the sur -
face by tec tonic pro cesses of the Aca dian orog eny.  A
compositionally di verse suite of plutonic rocks that would even -
tu ally com prise the Horn beam Hill gneiss in truded at ca. 394
Ma.  De tailed map ping in the vi cin ity of the East Cathance
Stream in the cen tral por tion of the quad ran gle (Fig ure 2) in di -
cates that the Horn beam Hill gneiss in trudes both the Vassalboro
and Nehumkeag Pond For ma tions.  This means that no sig nif i -
cant dis place ment oc curred along the con tact be tween the Cen -
tral Maine and Fal mouth-Bruns wick se quences af ter the
in tru sion of the Horn beam Hill gneiss.  How ever, it is un clear
from work in this quad ran gle whether any of the strat i fied rocks
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Fig ure 23.  Pho to mi cro graph of folded bi o tite-sillimanite schist of the
rusty schist and granofels mem ber of the Vassalboro For ma tion (Svr). 
Note the abun dance of pris matic sillimanite.  (Plane light.  From
blasted boul der 250 me ters west of East Cathance Stream.)



had been de formed and meta mor phosed prior to the in tru sion of
this magma.

Rocks of the Horn beam Hill gneiss were meta mor phosed
at ca. 380 Ma.  The tim ing of this meta mor phism is sim i lar to
what has been found along strike to the north east (West and oth -
ers, 1988, 2005) and most likely rep re sents the tim ing of the am -
phi bo lite fa cies meta mor phism and migmatization in this
quad ran gle.  How ever, it should be noted that 40Ar/39Ar
hornblende cool ing ages from the Bowdoinham quad ran gle and
to the south west are Perm ian (West and oth ers, 1988), which in -
di cates the area was sub jected to el e vated tem per a tures (>
480oC) in the Late Pa leo zoic.  A sam ple of Mount Ara rat Gneiss
from be side I-295 in the Bowdoinham quad ran gle gave a
40Ar/39Ar pla teau age of 282 ± 4 Ma from hornblende (Sam ple
Bdm-15 of West and oth ers, 1988).  (See geo logic map for lo ca -
tion.)

The tim ing of re gional pen e tra tive duc tile de for ma tion in
the quad ran gle is more dif fi cult to es tab lish.  The Horn beam Hill
gneiss ex pe ri enced duc tile de for ma tion and pre serves a fo li a tion 
that must be youn ger than its ca. 394 Ma in tru sion age.  This fo li -
a tion is sim i lar in ori en ta tion to that pre served in the ad ja cent
strat i fied rocks.  This im plies that re gional duc tile de for ma tion
and fo li a tion de vel op ment may also be youn ger than ca. 394 Ma.  
Migmatites in the Fal mouth-Bruns wick se quence are folded and
if this migmatization is co in ci dent with the meta mor phic zir con
growth in the Horn beam Hill gneiss, it would re quire that at least
some fold ing is youn ger than ca. 380 Ma.  Pegmatites (Dp)
within the Cen tral Maine se quence are also folded (Fig ure 21)
and if these pegmatites are sim i lar in age to those ra dio met ri cally 
dated by Tucker and oth ers (2001) to the north (367 ± 1 and 371 ± 
1 Ma), then it is pos si ble to ac count for all the duc tile de for ma -
tion, in clud ing fo li a tion and fold ing in the Fal mouth-Bruns wick
and Cen tral Maine se quences and the de formed plutonic rocks
by a sin gle ep i sode of Late De vo nian or youn ger de for ma tion. 
On the other hand, if there is more than one ep i sode of peg ma tite
in tru sion and more than one deformational ep i sode, as stud ies in
sur round ing ar eas have con cluded, the deformation his tory here
could be much more com plex.

The small, north west-trending, mus co vite-bear ing,
graphic gran ite peg ma tite bod ies (Pp) post date the re gional de -
for ma tion and are in ferred to have in truded in the Perm ian.  This
is based on cor re la tion with lithologically sim i lar rocks in the
Bruns wick 7.5’ quad ran gle (Fig ure 1) that have ra dio met ric
dates of 268 to 275 Ma (Tomascak and oth ers, 1996).  It should
be noted that this pe riod of gra nitic peg ma tite in tru sion was ac -
com pa nied by lo cal ized re heat ing re flected in 40Ar/39Ar
hornblende cool ing ages in the im me di ate vi cin ity, of 266 and
270 Ma (West and oth ers, 1993).  This is dis tinctly, though not
greatly, youn ger than the 282-287 Ma 40Ar/39Ar hornblende
cool ing ages from the Fal mouth-Bruns wick se quence in the
larger re gion (West and oth ers, 1988, 1993).

Fi nally, in tru sion of the diabase dikes oc curred.  Ra dio met -
ric ages from sim i lar rocks to the south (West and McHone,

1997) sug gest this event was Late Tri as sic to Early Ju ras sic in
age.  These mafic mag mas were most likely gen er ated in re -
sponse to extensional tec tonic pro cesses as so ci ated with the
early stages of con ti nen tal rift ing and the open ing of the north
At lan tic Ocean ba sin.

MIN ERAL RE SOURCES

Bed rock min ing ac tiv ity in the quad ran gle is cur rently re -
stricted to the quar ry ing of stone to be crushed for ag gre gate, fill,
and road metal.  The only area of ac tive quar ry ing is in the
Vassalboro For ma tion north east of Bowdoin Cen ter (Fig ure 2). 
Smaller, in ac tive stone quar ries were ob served at other lo cal i ties
within the Vassalboro For ma tion.  Rocks of this unit, along with
those of the Horn beam Hill gneiss would seem to be suit able for
ag gre gate if there is a need in the fu ture.  The im pure mar ble of
the impure mar ble and am phi bo lite mem ber of the Nehumkeag
Pond For ma tion in the south east ern por tion of the quad ran gle
prob a bly con tains too many sil i cate min er als to be of eco nomic
in ter est for lime pro duc tion.

Ev i dence of past quar ry ing of the mus co vite-bear ing
graphic peg ma tite (Pp) can be found at many of the mapped in -
tru sions.  Most of this ev i dence con sists of small pits and as so ci -
ated spoils piles that cover less than 25 m2.  An ex cep tion is the
area of larger pits and spoils piles north east of Stoddard Pond,
Bowdoin (Fig ure 2), re ferred to as the Coombs Quarry
(Cameron and oth ers, 1954; Thomp son and oth ers, 2000).  A
map of the quarry area was made in 1943, showing five pits that
track a main peg ma tite body among out crops of schist, and
smaller out crops of out ly ing peg ma tite and off shoots into the
gneiss (Cameron and oth ers, 1954).  At that time, the Coombs
Quarry had been in ter mit tently ac tive, hav ing been worked most
re cently in the fall of 1943 for feld spar, scrap mica, and beryl.  In
ad di tion to these min er als of eco nomic interest, black tour ma line 
and gar net are com mon, and masses of colum bite-tantalite have
been re ported (Cameron and oth ers, 1954).

There are sev eral ac tive sand and gravel ex trac tion op er a -
tions in the quad ran gle, lo cated within un con sol i dated gla cial
de pos its (see Hildreth, 2003a, 2003b).
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