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IN TRO DUC TION

The pur pose of this study was to in ves ti gate the na ture of
the stra tig ra phy and bed rock struc ture within the Ban gor and
Veazie 7.5' quad ran gles.  The re sult ing bed rock geo logic maps
are as so ci ated with this re port (Pollock, 2011a, 2011b).  Prior to
the pres ent study there had been no de tailed bed rock map ping of
ei ther quad ran gle.  Hussey and oth ers (1967) treated all rocks
com pris ing the greater Ban gor, Brewer, and Hampden ar eas as
un dif fer en ti ated “cal car e ous metasedimentary rocks.”  Osberg
and oth ers (1985) as signed these rocks to the Vassalboro For ma -
tion and the Bucksport For ma tion.  Grif fin pro duced re con nais -
sance geo logic maps of the Ban gor 15' quad ran gle (Grif fin,
1976a), of which the Ban gor 7.5' quad ran gle is the south east ern
quar ter, and the Orono 15' quad ran gle (Grif fin, 1976b), of which
the Veazie 7.5' quad ran gle is the south west ern quar ter.  In that
study, Grif fin mapped seven sep a rate units of formational scale
in the area of the Ban gor and Veazie 7.5' quad ran gles.  In as cend -
ing strati graphic or der Grif fin’s units were:  (1) Or do vi -
cian-Cam brian Cope land For ma tion (OCc) (or Cope land
Schist); (2) an un named unit of Si lu rian age (So); (3) the
“Kenduskeag unit” (Sk); (4) the Sangerville For ma tion (Ss); (5)
an un dif fer en ti ated unit of prob a ble Si lu rian age (Su); (6) the
Vassalboro For ma tion (DSv); and (7) a Car bon if er ous to Perm -
ian age unit of dark red arkosic sand stone (CPs)*. Grif fin
(1976a, 1976b) in ter preted the  “Kenduskeag unit” to interfinger 
along its con tact at sev eral lo ca tions, with the “So” unit, the
Sangerville For ma tion, and the Vassalboro For ma tion.  Grif fin’s
re con nais sance map (1976b) showed no out crop con trol for the
Car bon if er ous to Perm ian dark red arkosic sand stone, and no
out crops match ing these char ac ter is tics were found in the Veazie 
sheet dur ing the pres ent study.  Also, Grif fin (1976a, 1976b)
showed no re gional struc tures ex cept for a few broadly in ter pre -
tive synclinal fea tures.  These are in ferred based upon his map
pat tern and in ter preted strati graphic se quence.

To the south, Wones (1991) mapped the Orland 15' quad -
ran gle and Kaszuba (1992) mapped the Brewer Lake 7.5' quad -
ran gle which com prises the north west ern quar ter of the Orland
sheet.  The Brewer Lake 7.5' quad ran gle bor ders the Veazie 7.5'
quad ran gle to the south.  Units mapped by both Wones (1991)
and Kaszuba (1992) at the north ern most edge of the Brewer
Lake sheet in cluded the Vassalboro For ma tion, the Cope land
Formation, the Schist of Rider Bluff (con sid ered by Kaszuba to
be a mem ber of the Copeland), and the Bucksport For ma tion. 
The con tacts do not ex actly align with the con tacts mapped in the 
Veazie sheet (Pollock, 2011b).  In par tic u lar, nei ther the Cope -
land For ma tion nor the Schist of Rider Bluff are mapped in the
Veazie quad ran gle.  Their Vassalboro For ma tion is mapped in
the Veazie quad ran gle as the Brewer Formation.  The Bucksport
For ma tion is ex tended north ward into the Veazie quad ran gle. 
An EDMAP project ad dressed these is sues in de tail (Preble and
oth ers, 2007).

GEN ERAL  GEOLOGY

This study rec og nizes three for ma tions in the Veazie quad -
ran gle (Pollock, 2011b), two of which are also mapped in the ad -
ja cent Ban gor 7.5' quad ran gle (Pollock, 2011a).  New names are
pro posed here for these two units.  They are the Brewer For ma -
tion, a dom i nantly slate-rich unit, and the Ban gor For ma tion, a
dom i nantly sand stone unit.  In ter nal stra tig ra phy of the Brewer
For ma tion has not been de fined due to poor out crop ex po sure.
The Brewer For ma tion un der lies the thickly bed ded metawackes 
of the Ban gor For ma tion, which is sub di vided into three mem -
bers.  The low est metasandstone-rich mem ber is here named the
Penobscot River Mem ber, the mid dle slate-rich mem ber is
named the Lover’s Leap Mem ber, and the up per meta-sand -
stone-rich mem ber is named the Kenduskeag Stream Mem ber.

The third for ma tion, mapped in the Veazie quad ran gle, is
the Bucksport Formation.  This for ma tion traces ap prox i mately
into the Bucksport For ma tion as shown to the south by Wones
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(1991) and Kaszuba (1992).  It is dom i nantly a very fine-grained
to me dium-grained cal car e ous granoblastic and banded
metasandstone with an cil lary slate, phyllite, and very
fine-grained bi o tite-quartz schist.

A fault is mapped as separating the Brewer For ma tion from 
the Bucksport Formation in the south east ern quarter of the
Veazie quadrangle.  More broadly, the pre ferred in ter pre ta tion,
at this writ ing, is that this fault sharply sep a rates the rocks of the
Vassalboro Group of the Cen tral Maine Ba sin to the north west,
from rocks of the Fred er ic ton Trough to the southeast.

Four dikes of ig ne ous rock were dis cov ered in the Ban gor
7.5' quad ran gle, in clud ing one por phy ritic diabase dike and
three fel sic dikes.  All dikes are less than 1 me ter in width and are
not trace able be yond the out crops in which they oc cur.  No ig ne -
ous rocks were found in the Veazie quad ran gle.

Ma jor struc tural fea tures in the area in clude an areally
prom i nent north east-trending syncline and three north -
east-trending faults.  The syncline crosses the cen tral part of the
Ban gor quad ran gle (Pollock, 2011a) and the north west ern quar -
ter of the Veazie quad ran gle (Pollock, 2011b).  Two of the three
faults ei ther sep a rate for ma tions or sep a rate mem bers of the
Ban gor For ma tion.  The third fault is a dextral shear zone within
the Brewer For ma tion. 

Mi nor struc tural features in the Ban gor and Brewer
Formations are com mon, and their na ture and num ber vary from
one out crop to an other.  In the Ban gor and Brewer For ma tions,
folds are assigned to at least two gen er a tions of fold ing.  Also in
the Ban gor and Brewer Formations there are two gen er a tions of
cleav age. The first is a slaty cleav age, and the sec ond is a frac ture 
or spaced cleav age which is ax ial pla nar to the sec ond set of
folds.  The Ban gor and Brewer Formations con tain nu mer ous
small-scale faults and joints.  The small-scale faults do not ex -
hibit any sig nif i cant lat eral per sis tence and can not be shown at
the 1:24,000 scale.  Joints dom i nantly strike north west and dip
steeply both to the south west and north east, but other joint sets
are pres ent and their ori en ta tion dif fers from the dom i nant north -
west-trending set.

Mi nor struc tural features in the Bucksport Formation in the 
southeastern quarter of the Veazie quad ran gle in clude five sep a -
rate fold styles.  Their re la tion ship to the fold gen er a tions in the
Ban gor and Brewer For ma tions is not certain.

STRA TIG RA PHY  AND  CONTACTS

Gen eral statement

Three for ma tions are mapped in the Ban gor and  Veazie
quad ran gles.  Two of them, the Brewer For ma tion and Ban gor
For ma tion, are pro posed and named here.  The Brewer For ma -
tion is the lower unit, a slate-rich as sem blage of thin-bed ded to
me dium-bed ded slates, metawackes, and metalimestone.  The
Ban gor For ma tion is the up per unit, con sist ing of thickly bed ded
metawacke and mi nor slate and phyllite. The Ban gor Formation
is sub di vided into three mem bers, an up per and lower

metawacke, and a mid dle slate and sand stone.  These two
formations are in ter preted as part of the Vassalboro Group of the
Cen tral Maine Ba sin (Marvinney and oth ers, 2010).

The third for ma tion, the Bucksport For ma tion, is mapped
in the southeastern quar ter of the Veazie quad ran gle.  It is a
thickly bed ded very fine-grained cal car e ous quartz metawacke
interbedded with se quences of slate or phyllite.  Lo cally, the
metawacke is a very fine-grained cal car e ous granoblastic schist
and the metapelites are very fine-grained quartz-bi o tite schists. 
This formation is in ter preted as part of the Fred er ic ton Belt of
coastal Maine.

Strati graphic contacts

The con tact be tween the Brewer and Ban gor For ma tions is
in ter preted to be broadly con form able and gradational, with the
Brewer For ma tion un der ly ing the Ban gor For ma tion.  How ever,
ver ti cal beds which lack clear younging sense to gether with
small up right iso cli nal-scale folds near the con tact be tween the
two for ma tions make the younging di rec tion some what un cer -
tain.  Rocks sim i lar in li thol ogy to the Brewer For ma tion crop
out lo cally in the Ban gor For ma tion, and the Lover’s Leap Mem -
ber of the Ban gor For ma tion is lithologically sim i lar to rocks of
the Brewer For ma tion ex cept for the ab sence of thin
metalimestone beds in the Lover's Leap.  On the west ern limb of
the re gional syncline, the con tacts be tween mem bers of the Ban -
gor For ma tion are con form able.  On the east ern limb of the re -
gional syncline, the Lover’s Leap Mem ber is not pres ent in the
Veazie quad ran gle due to fault ing.  The con tact be tween the
Lover’s Leap Mem ber and the Kenduskeag Stream Mem ber is
ex posed in the Veazie quad ran gle along the south bound lane of
In ter state 95 im me di ately south of the Kelly Road exit in Orono. 
In the Ban gor quad ran gle, con tacts can be lo cated ac cu rately to
within 100 me ters along Kenduskeag Stream south west of
Husson University and along Souadabscook Stream along Pa per 
Mill Road.

The con tact be tween the Penobscot River Mem ber and the
Lover’s Leap Mem ber is in ter preted as gradational.  The tran si -
tion can be most ef fec tively ar gued on the south west side of
Kenduskeag Stream in the down town Ban gor area in the Ban gor
quadrangle. The tran si tion, as cur rently un der stood, oc curs over
a few to pos si bly as many as 30-50 me ters.  The con tact be tween
the Lover’s Leap and Kenduskeag Stream Mem bers is both
sharp and con form able; there is no rec og niz able tran si tion be -
tween them. 

Fault contacts

The most sig nif i cant fault is the north east-trending fault
which sep a rates the Brewer For ma tion from the Bucksport For -
ma tion in the Veazie quad ran gle.  The fault is in ferred to cut
through the quad ran gle but is not ex posed.  This fault is in ter -
preted to be a rel a tively nar row fea ture, prob a bly not more than
500 me ters wide.  Un equiv o cal shear fab rics are not pres ent in
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out crops near est to the lo ca tion of the fault.  How ever, the fault
does sep a rate rocks with ap par ently dif fer ent struc tural and
meta mor phic his to ries.

On the south east limb of the map-scale syncline in the
Veazie quad ran gle, the Lover’s Leap Mem ber is cut out by a
fault.  This fault is in ter preted as be ing rel a tively mi nor from a
re gional point of view.  The dis place ment, while prob a bly not
large, has not been estimated.

ROCKS  OF  THE  VASSALBORO  GROUP

Brewer For ma tion (new name)

1.  Gen eral state ment and area of ex po sure

This is the most wide spread unit un der ly ing the Brewer -
Holden - Ed ding ton area.  It oc cu pies the north west ern and
south east ern parts of the Ban gor 7.5' quad ran gle and the cen tral
por tion of the Veazie quad ran gle.  The Brewer For ma tion (Sbr)
con sists of four rec og niz able lith o logic types.  These are of vari -
able oc cur rence and pro por tion, with the metalimestone be ing
the least com mon and only lo cally ob served.  Ex ten sive out crops 
may con tain all four lith o logic types. How ever, most out crops
con tain only two of the types de scribed be low.

2.  Name and ref er ence lo cal i ties

The for ma tion is named here for the city of Brewer.  The
best ex po sures are out crops along In ter state 395 in Brewer near
the east ern edge of the Ban gor quad ran gle.

3.  Li thol ogy

3a.  Siltstone and claystone slate.  This li thol ogy is char ac -
ter ized by dark gray, gray ish black or black, fine-grained to very
fine-grained siltstone and claystone slate.  In many places ad ja -
cent beds have dif fer ent av er age grain size.  Beds are typ i cally
thin, rang ing be tween 1 and 10 cm, how ever thicker beds to 30
cm are pres ent. Flaser lam i na tion or thin flaser bed ding is com -
mon, pro duc ing a “pin stripe” ap pear ance.  These flasers con sist
of thin laminae and very thin beds of quartz-rich metasiltstone or
very fine-grained quartz-rich metasandstone. These laminae and 
beds lo cally pinch and swell and com monly are dis con tin u ous. 
Flaser laminae and beds are usu ally de void of sed i men tary struc -
tures, but rarely par al lel lam i na tion or rip ple lam i na tion is pres -
ent.  Lo cally, the cleav age sur faces ex hibit a rusty stain.
Ad di tion ally, very fine-grained white mica oc curs on cleav age
sur faces.

3b.  Rusty-weath er ing quartz-rich metasandstone.  A me -
dium dark gray to dark gray, well sorted, very fine-grained
quartz-rich meta-arenite char ac ter izes this lithofacies.  Beds
com monly range in thick ness from 3 to 15 cm, but beds ap -
proach ing or ex ceed ing 1 m are lo cally pres ent.  Com monly, this

lithofacies ex hib its rusty weath er ing, with weath er ing rinds to 4
cm, de pend ing upon bed thick ness.  Beds may be very slightly to
mod er ately cal car e ous.  Sed i men tary struc tures are com mon,
including the par al lel-laminated (Tb) and rip ple-laminated (Tc)
turbidite in ter vals.  Sin gle turbidite in ter vals may char ac ter ize
the en tire bed or the in ter vals may be se quen tially ar ranged.

3c.  Feldspathic metawacke and quartz metawacke.  These
two lithologies are char ac ter is ti cally me dium dark gray to dark
gray.  They are mod er ately poorly sorted wackes with grain sizes
rang ing from me dium-grained to very fine-grained sand. Beds
may ex hibit tex tural gra da tion from me dium (rare) or
fine-grained sand to very fine-grained sand. These tex tural gra -
da tions may oc cur over the en tire thick ness of the bed or within
the first 15 cm or so of the bed.  Mas sive beds which lack tex tural
gra da tion are common.

Compositionally, the rocks include: (a) feldspathic
metawacke and less com monly (b) quartz metawacke. Both
com po si tions are non-cal car e ous.  Typ i cal ex po sures of these
two rock types might span sev eral me ters to a few tens of me ters
stratigraphically, but they do not oc cur to gether within an
outcrop.  The feldspathic metawacke is the more com mon of the
two com po si tions.

Bed ding thick nesses of both feldspathic and quartz
metawacke are vari able, rang ing from ap prox i mately 30 cm to
2 m. Sed i men tary struc tures are ab sent in most out crops.  Where
pres ent, they con sist of par al lel lami na tions which are trans -
posed par al lel to the dom i nant rock cleav age.  Be cause rock
cleav age in nu mer ous out crops is bed ding-par al lel or subparallel 
to bed ding, it is dif fi cult to as cer tain the true sed i men tary na ture
of the laminae. Rip ple and/or con vo lute laminae are rare.  Lo -
cally, sole mark ings, pri mar ily groove casts, are pres ent on the
bases of thicker sand beds.

3d.  Micritic metalimestone.  Metalimestone is the least
com mon of the four lith o logic types in this formation, and it is
not ev ery where pres ent.  It con sists of dark gray to gray ish black, 
ex tremely and uni formly fine-grained metalimestone. Beds
weather to var i ous shades of dark brown and brown ish black. 
Lo cally these beds are highly weath ered.  Bed ding is char ac ter is -
ti cally less than 4 cm thick.  No sed i men tary struc tures have been 
ob served in this lithofacies.

4.  In ter nal stratigraphy

The Brewer For ma tion has not been di vided into members.  
Ex ten sive gla cial de pos its cou pled with very small, un in for ma -
tive out crops of slate, and mul ti ple small folds with poor top ping
senses or with top re ver sals due to small-scale folds have not al -
lowed an in ter nal stra tig ra phy to be de vel oped at this time.

Feldspathic and quartzose metawacke lo cally oc cur as
prom i nent cy cles or lenses within the dom i nant thinly bed ded
slate and metasandstone.  Sev eral of these cy cles are po ten tially
mappable at the 1:24,000 scale.  Fur ther work may al low these
metasandstone oc cur rences to be mapped as lenses or as limbs of 
small synclines.
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5.  Thick ness

The thick ness of the Brewer For ma tion is un known.  The
strati graphic base is not ex posed within the Ban gor or Veazie 7.5' 
quad ran gles.  Also, un known struc tural com plex i ties as in di -
cated by nu mer ous re ver sals of sed i men tary tops and 
small-scale folds do not al low for a rea son able thick ness es ti -
mate at this time.

6.  Age

No body or trace fos sils have been re cov ered from the
Brewer For ma tion.  A Si lu rian (?) age is in ferred from re gional
re la tion ships (see be low).

Ban gor For ma tion (new name)

1.  Gen eral statement and area of ex po sure

This is the sec ond most ex ten sive unit in the study area.  It
oc cu pies ap prox i mately 1/3 of the Ban gor and Veazie 7.5' quad -
ran gles, pre served in a north east-trending syncline through
down town Ban gor.  Un pub lished re con nais sance map ping by
the au thor in di cates that the Ban gor For ma tion ex tends north
into the Old Town 7.5' quad ran gle as well.  The full map ex tent of 
this for ma tion is not known, but it is prob a bly a unit of re gional
im por tance.  The Ban gor For ma tion is di vided into the lower
Penobscot River Mem ber (Sbpr) which has two rec og niz able
and mappable fa cies, a mid dle Lover’s Leap Mem ber (Sbl), and
an up per Kenduskeag Stream Mem ber (Sbk).

2.  Name and ref er ence lo cal i ties

The for ma tion is named for the city of Ban gor, Maine.  Sig -
nif i cant ex po sures of the Penobscot River Mem ber, here named
for the Penobscot River, are pres ent along the west ern bank of
the river in Veazie, and both banks of the river in Ban gor and
Brewer.  The Lover's Leap Mem ber is here named for the prom i -
nent cliff of that name on the north east bank of a right bend in the
Kenduskeag Stream, 1800 feet east of the I-95 bridge in Ban gor. 
The Kenduskeag Stream Mem ber is here named for Kenduskeag 
Stream, Ban gor.

3.  Li thol ogy

3a.  Penobscot River Mem ber.  Me dium dark gray to dark
gray, very fine-grained to me dium-grained feldspathic
metawacke com prises the ma jor ity of this mem ber.  Mus co vite,
some of which is de tri tal, is lo cally com mon.  Thin beds of
metasiltstone and, less com monly, claystone slate are
interbedded with the metawackes.  Beds are typ i cally of vari able
thick ness, rang ing from 5 cen ti me ters to slightly more than 2 me -
ters.  The Penobscot River Mem ber has two fa cies which are dif -

fer en ti ated on the ba sis of bed ding thick ness and ma trix con tent.  
The lower fa cies (Sbpt) is very thick to thickly bed ded and ma -
trix-poorer, while the up per fa cies (Sbpm) is me dium bed ded
and ma trix-richer. The bed rock map shows the ap prox i mate dis -
tri bu tion of these two fa cies in the north ern por tion of the Veazie
quad ran gle (Pollock, 2011b).  Lack of out crop in the vi cin ity of
the Ban gor Mall and points south west into the Ban gor 7.5' quad -
ran gle make ex ten sion of the con tact prob lem atic.

In the lower fa cies (Sbpt), in the im me di ate vi cin ity of the
Penobscot River, beds are thick to very thick (1 m to 2+ m).  Beds 
are typ i cally de void of sed i men tary struc tures, al though par al lel
lam i na tion and elon gated pipe-like struc tures sim i lar to well
doc u mented dewatering fea tures, are lo cally com mon.  Rip ple
cross-lam i na tion is rare.  Graded bed ding is pres ent, but the
graded tex tures com monly range from a fine-grained sand at the
base to a very fine-grained sand at the top.  Shale or slate rip-up
clasts oc cur lo cally and may be pres ent at any po si tion in the bed.  
Flame struc tures as so ci ated with load or flute casts are rare.

In the up per fa cies (Sbpm), which lies west of the
Penobscot River, se quences of thinly bed ded metawacke and
slate are interbedded with se quences of thickly bed ded, graded,
structureless or par al lel-lam i nated metawacke.  Within the thinly 
bed ded se quences, the thinly bed ded metawackes com monly ex -
hibit par al lel lami na tions and/or rip ple cross-lami na tions.  Con -
vo lute lami na tions are lo cally pres ent.  These struc tures may
com prise the en tirety of a bed, or they may be stacked, with rip -
ple cross-lami na tions over ly ing a par al lel-lam i nated in ter val.
Thick metawacke beds com monly ex hibit tex tural grad ing from
fine-grained to very fine-grained sand.  Ad di tion ally, some beds
are structureless, or have a graded or structureless in ter val un -
der ly ing a par al lel-lam i nated in ter val.  Cen ti me ter-scale clasts of 
slate in ter preted as rip-ups are com mon near the bases, or oc cur
as iso lated clasts within metawacke beds.  Rarely, the soles of
thicker beds ex hibit flute or groove casts.

3b.  Lover’s Leap Mem ber.  The mid dle mem ber is very
sim i lar to the siltstone and claystone slate of the Brewer For ma -
tion.  Lo cally, this mem ber con tains cal car e ous, me dium dark
gray to dark gray, well-sorted, very fine-grained quartz-rich
meta-arenite iden ti cal to the sec ond li thol ogy of the Brewer For -
ma tion de scribed in sec tion 3b above.  

3c.  Kenduskeag Stream Mem ber.  The up per mem ber is
char ac ter ized by me dium to dark green ish gray, very
fine-grained to fine-grained feldspathic metawacke.  These
rocks are also micaceous.  Beds are of vari able thick ness,
generally be tween 15 cm and 45 cm. Beds greater than 1 me ter in
thick ness are un com mon.  In ad di tion to col or ation dif fer ences,
metawacke beds in this mem ber are less well graded, and there is
an over all lack of par al lel lam i na tion, rip-up clasts, and sole
mark ings.  Green ish gray slate and phyllite are interbedded with
the metawackes. These finer grained beds typ i cally range in
thick ness be tween 3 and 40 cm.  Sed i men tary struc tures in clude
graded beds, rip ple cross-lam i na tion, and rare flute and groove
casts.
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4.  Thick ness

The thickness of the Penobscot River Mem ber is es ti mated
to be be tween 1400 and 1600 me ters.  The Lover’s Leap Mem ber 
is es ti mated to have a max i mum thick ness of 200 me ters.  Fault -
ing along the southeast ern limb of the syncline causes this unit to
be cut out.  The ex posed por tion of the Kenduskeag Stream
Mem ber is es ti mated to have a max i mum thick ness of ap prox i -
mately 300 me ters.  The strati graphic top of this mem ber is not
pre served in the Veazie or Ban gor quad ran gles, and por tions of
the mem ber ex hibit an ir reg u lar thick ness due to fault ing along
the east ern con tact.

5.  Age

No body or trace fos sils have been re cov ered from the Ban -
gor For ma tion.    A Si lu rian (?) age is in ferred from re gional re la -
tion ships (see be low).

Re gional cor re la tion of the Brewer and Ban gor For ma tions

Re con nais sance map ping by John Grif fin (1973), sum ma -
rized by Pankiwskyj and oth ers (1976), es tab lished the gen eral
con ti nu ity of metasedimentary rocks from the Augusta-
Vassalboro area to the Ban gor area and be yond.  These rocks
were grouped un der the name Vassalboro For ma tion on the Bed -
rock Geo logic Map of Maine (Osberg and oth ers, 1985), even
though the re con nais sance map ping had shown that it could be
sub di vided lo cally.  Since that time, the de tailed in ter pre ta tion of
the strati graphic re la tion ships has changed, and the strati graphic
no men cla ture has been re vised in the Augusta-Vassalboro area
(Osberg, 1988; Tucker and oth ers, 2001; Marvinney and oth ers,
2010).  This re cent work has not changed the fun da men tal con -
cept of a sin gle sed i men tary ba sin of Si lu rian to pos si bly late Or -
do vi cian age, ex tend ing from the fossiliferous rocks of the
Waterville area to Ban gor.  It has, how ever, caused some of the
for ma tion names used on ear lier maps (Griffin, 1976a, 1976b,
for example) to be revised or obsolete.

A so lu tion to the no men cla ture prob lem was pre sented by
Marvinney and oth ers (2010), who pro posed that the Vassalboro
be el e vated to the rank of Vassalboro Group, al low ing for ma -
tions to be mapped lo cally within the Vassalboro Group.  Fol -
low ing this pro posal, the Brewer and Ban gor Formations are
in cluded here in the Vassalboro Group.  The lo cal for ma tion
names used by Grif fin (1976a, 1976b) in the Ban gor area, in -
clud ing Sangerville For ma tion, Vassalboro For ma tion, and
Kenduskeag unit, are dis con tin ued here.  The new Kenduskeag
Stream Mem ber of the Ban gor For ma tion co in cides, in part, with 
Grif fin’s in for mal “Kenduskeag unit.”  The sim i lar ity of name
empasizes the sand stone-rich na ture which Grif fin de scribed,
but a new name is war ranted be cause of the sub stan tially dif fer -
ent map pat tern, and strati graphic con text of the Kenduskeag
Stream Mem ber as cur rently con ceived.

More pre cise cor re la tion of the Brewer and Ban gor
Formations with for ma tions in the Augusta-Waterville area is
not war ranted at this time.  One pos si bil ity is that the sand-rich
and shale-rich units mapped lo cally as for ma tions may not be lat -
er ally con tin u ous across such large dis tances.  It is tempt ing to
cor re late the Ban gor For ma tion with the May flower Hill For ma -
tion, since they are both sand stone-rich units that rest
stratigraphically upon pelite-rich units.  How ever, the se quence
of mem bers in the Ban gor For ma tion has not been rec og nized in
the May flower Hill, and the sulfidic pelite at the base of the May -
flower Hill has not been rec og nized at the Ban gor-Brewer con -
tact.  Fur ther more, the Brewer For ma tion is across strike to the
south east of the main belt of  Waterville For ma tion, call ing their
cor re la tion into ques tion.  Per haps de tailed map ping be tween the 
Ban gor and Waterville ar eas will clar ify the dis tri bu tion of
lithofacies within the Vassalboro Group.

ROCKS  OF  THE  FREDERICTON  BELT

Bucksport Formation

1.  Gen eral state ment and area of ex po sure

This for ma tion crops out within the south east ern quar ter of
the Veazie quad ran gle.  In com par i son to the Brewer For ma tion,
out crops are both large and abun dant. Rocks of the Bucksport
For ma tion (SOb) dis play struc tural and meta mor phic fea tures
that are some what dif fer ent from those of the Vassalboro Group,
pos si bly re flect ing dif fer ent struc tural and meta mor phic
histories.

2.  Reference lo cal i ties

There are sev eral readily ac ces si ble out crops around the
vil lage of Holden.  Abun dant out crops are pres ent on the south -
ern parts of Mann Hill, Holden.

3.  Li thol ogy

3a.  Metasandstone.  These rocks in clude fine-grained to
me dium-grained cal car e ous quartz metasandstone and
granoblastic schist.  The protolith prob a bly was a fine-grained to
very fine-grained cal car e ous quartz-rich sand stone.  These rocks 
now ex hibit a well de vel oped granoblastic tex ture.  The dom i -
nant pla nar fab ric of the rocks var ies be tween thinly lam i nated
and strongly fo li ated.  The lami na tions or foliations are com -
monly folded.  There are two types of this cal car e ous
metasandstone.  The first type ex hib its de fin i tive lami na tions
which con sist of dark gray, non-cal car e ous quartz-rich laminae
al ter nat ing with tan-weath er ing, me dium gray to me dium dark
gray, cal car e ous quartz-rich laminae.  Dif fer en tial weath er ing
pro duces a striped rock of al ter nat ing dark gray and tan laminae. 
The sec ond type is tex tur ally sim i lar, ex cept that the al ter nat ing
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bands are not pres ent.  This type is also slightly to mod er ately
cal car e ous.  Very fine grains of bi o tite are pres ent lo cally in both
types.  Bed ding where un equiv o cally iden ti fied ranges from me -
dium (30± cm) to thick (~75 cm).

3b.  Phyllite.  The phyllite is a rusty-weath er ing, dark gray
to black phyllite lo cally with well de vel oped sulfidic stains.  Tex -
tural vari a tions in the phyllite sug gest the protolith ranged from a 
silty claystone to a fine-grained siltstone.  Also, sev eral out crops
ap pear to be tran si tional from phyllite to very fine-grained bi o -
tite-quartz schist.  Phyllite cleav age surfaces com monly ex hibit
a rusty stain.  Cleav ages are also mod er ately ir reg u lar, sug gest -
ing a phacoidal cleav age.

3c.  Slate.   Slate is a mi nor rock type and is found as thin to
me dium interbeds in the metasandstone.  Com monly the slate
ex hib its thin, tan-weath er ing, non-cal car e ous metasiltstone
laminae.  These laminae are typ i cally par al lel, rang ing in thick -
ness from less than a mil li me ter to ap prox i mately 10 mil li me ters. 
Rip ple forms in the silts are rare.  Be cause of the al ter nat ing tan-
weath er ing silts and gray ish black slate, the beds have a “pin -
stripe” ap pear ance.  These se quences are in ter preted to be mud
turbidites.

4.  Thick ness

Be cause many out crops lack de mon stra ble bed ding and
have a rel a tively uni form li thol ogy, to gether with re gional un -
cer tain ties due to (a) mul ti ple de for ma tions; (b) pos si ble meta -
mor phic grade in creases; (c) a fault-bounded western con tact;
and (d) no con tact along the eastern edge of the Veazie quad ran -
gle, no thick ness es ti mate is pro vided at this time.

5.  Age

No body or trace fos sils have been re cov ered from the
Bucksport For ma tion.  A Si lu rian-Ordovician (?) age is in ferred
from re gional re la tion ships (Tucker and oth ers, 2001).

6.  Re gional cor re la tion and strati graphic as sign ment

In the Orland 15' quad ran gle, Wones (1991) spe cif i cally
notes two lithologies of the Bucksport For ma tion that prob a bly
correlate with lithologies in the Veazie quad ran gle.  No ta bly,
Wones de scribes rocks with 10 cm to 1 m thick beds that are
rusty-weath er ing, py rite-pyrrhotite-bear ing chlorite-quartz-
plagioclase schist.  More im por tantly how ever, Wones (1991)
de scribes schists in which cal car e ous lay ers are interbedded with 
non-cal car e ous lay ers.  Spe cif i cally Wones de scribes these as
“rock lay ers” that con tain fine-grained quartz, mus co vite,
chlorite, and plagioclase “interbedded” with lay ers com posed of
quartz, plagioclase, chlorite, cal cite, and mus co vite.  The
presence of al ter nat ing non-cal car e ous and cal car e ous lay ers
com bined with interbeds of rusty-weath er ing phyllite in the
Veazie quad ran gle and rusty-weath er ing schist in the Orland 15'
quad ran gle, to gether with the align ment of out crop belts, make

for a strong ar gu ment that the term Bucksport should be ap plied
to these rocks.

The Rider Bluff Mem ber of the Cope land For ma tion does
not ex tend north ward into the Veazie quad ran gle.

IN TRU SIVE  ROCKS

In the course of map ping, four dikes of ig ne ous rock were
noted in out crop, all in the Ban gor 7.5’ quad ran gle.  One is a por -
phy ritic diabase.  The other three are fel sic aphanites, with sparse 
tab u lar or elon gate mafic grains as microphenocrysts.  The
microphenocrysts are ten ta tively thought to be chlorite or bi o -
tite.  Over all, the fel sic dikes ap pear to be rhyodacitic in com po -
si tion, al though they have not been an a lyzed.

All four dikes are thin.  The diabase is less than 2 me ters
wide.  The fel sic dikes are less than a me ter in width.  They are
ap prox i mately par al lel to bed ding and cleav age.

No ig ne ous rocks were found in the Veazie quad ran gle.

STRUC TURAL  GEOLOGY

Map-scale faults

Three map-scale faults were iden ti fied, all in the Veazie
7.5' quad ran gle.  The most sig nif i cant of these is the fault which
sep a rates the Brewer For ma tion from the Bucksport Formation. 
No out crops of the fault were lo cated and the trace is not pre -
cisely lo cated due to ex ten sive gla cial cover.  How ever, this fault
clearly sep a rates two units of dif fer ing li thol ogy, and with ap par -
ently dif fer ent meta mor phic and struc tural his to ries.  Mo tion on
the fault is not known due to lack of exposure of the fault zone it -
self.  Strain mark ers or ki ne matic indicators do not ap pear to be
widely dis trib uted in out crops clos est to the inferred trace. I in -
ter pret the bound ary to be a rel a tively nar row (i.e. < 500 m wide
based upon lim ited out crop con trol) and sharp fault zone.

To the north west of that fault, and ap prox i mately par al lel to 
its trace is a dextral shear zone.  Serendiptously, the lo ca tion of
this shear zone is con trolled by three out crops which are aligned
on strike.  One out crop has ki ne matic indicators which un equiv -
o cally dem on strate right-lat eral move ment.  These shear-sense
in di ca tors are con fined to a well indurated zone ap prox i mately
1.5 m wide.  Ad ja cent to this shear zone are slates which ap pear
dis rupted, but which lack good shear-sense in di ca tors.  They
also ap pear more weath ered, so they may be within the shear
zone.  These out crops lack bed ding, are poorly jointed, and ex -
hibit ir reg u lar (ro tated?) cleav age.

The third map-scale fault crops out along the bound ary be -
tween the Penobscot River and Lover’s Leap Mem bers of the
Ban gor For ma tion.  The fault is ex posed in small out crops along
the south bound lane of In ter state 95 south of the Ho gan Road
exit in the Ban gor 7.5' quad ran gle.  This fault lacks clear ki ne -
matic in di ca tors.
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Mi nor faults and brit tle fractures

The Veazie 7.5'  quad ran gle con tains nu mer ous
outcrop-scale brit tle frac tures and faults which are not shown on
the 1:24,000-scale map be cause of their small size or lack of lat -
eral per sis tence.  These brit tle frac tures and faults are ap prox i -
mately par al lel or sub-par al lel to cleav age or bed ding. 
Dis place ment has been determined along a few of these faults; it
is small, gen er ally less than a few me ters. Most com monly these
faults ap pear as zones with ubiq ui tous, ir reg u lar small-scale
quartz pods, lenses, and veins, whose origins are dif fi cult to in -
ter pret.  Rarely is there any de fin i tive mo tion in di ca tor.  Slick en -
sides and other lineations re lated to move ment are un com mon.

Joints

Joints are ubiq ui tous in the Ban gor and Veazie 7.5' quad -
ran gles. The ma jor ity of these are not extensive, with small sur -
faces, and do not cut across bed ding bound aries.  Most are
closely spaced with spac ings less than 30 cm.  Thicker-bed ded
metawackes may ex hibit larger joints by vir tue of the thicker
beds.  Mul ti ple joint sets which in ter sect at high angles are com -
monly pres ent.  The dom i nant joint set strikes north west and dips 
steeply to the south west and north east.  Less prom i nent joint sets
have a va ri ety of ori en ta tions.  Shal low-dip ping joints are most
com mon in ar eas of thick-bed ded metawacke.

Map-scale folds

An areally prom i nent syncline is the ma jor struc tural
feature in the Ban gor 7.5' quad ran gle.  It con tin ues north east -
ward into the Veazie quad ran gle.  This syncline, as mapped, is
asym met ric with a north west-dip ping ax ial sur face. The ori en ta -
tion of the north west ern limb var ies along strike from nearly ver -
ti cal to over turned with north west dips.  The south east ern limb
has been mod i fied by the fault be tween the Penobscot River and
Lover’s Leap Mem bers of the Ban gor For ma tion.  Mul ti ple
small-scale folds in the vi cin ity of the Penobscot River sug gest
that the syncline is com plex over all.

Mi nor folds in the Brewer and Ban gor For ma tions

Gen eral State ment

Small folds in the Brewer and Ban gor Formations are re -
lated to at least two gen er a tions of fold ing.  The first gen er a tion
of fold ing is as so ci ated with the dom i nant slaty cleav age.  The
sec ond gen er a tion is as so ci ated with an ax ial pla nar spaced or
frac ture cleav age.  First gen er a tion folds are un com mon.  Sec -
ond gen er a tion folds are most com mon in the south east ern half
of the Ban gor 7.5' quad ran gle, but are pres ent over the en tire
quad ran gle.

First gen er a tion folds

These folds typ i cally have north east-trending axes with
north west-dip ping ax ial sur faces.  Gen er ally, these folds are
asym met ri cal with syn clines having a nearly ver ti cal or over -
turned north west limb and a mod er ately to steeply dip ping
south east limb. These folds mimic the style of the larger scale
syncline.  Plunges of the folds vary within the map area.  Cur -
rently, three plunge orientations are rec og nized.  These are: (1) a
nearly hor i zon tal to shal low north east plunge; (2) a mod er ate
plunge to the north east; and (3) a mod er ate plunge to the south -
west.

Sec ond gen er a tion folds

These are cur rently rec og nized as me dium (1-2 me ter
wave length) to small (<15 cm) folds which fold the dom i nant
slaty cleav age.  Fold axes are com monly subhorizontal with
north east-south west trends.  Plunges, where determined, are to
the north east.  Ax ial sur faces of these folds are subhorizontal or
have shal low dips either to the south east or north west.

Cleav age in the Brewer and Ban gor For ma tions

Gen eral statement

Two gen er a tions of cleav age are rec og nized in the Brewer
and Ban gor Formations.  The first of these is an area-wide slaty
cleav age that equally af fects all units. The sec ond cleav age is a
spaced (frac ture) cleav age which is su per im posed upon the first
cleav age. Spaced cleav age, rec og nized as most prom i nent in the
south east ern half of the Ban gor 7.5' quad ran gle, is rel a tively un -
com mon in the Veazie quad ran gle. It oc curs in slates and in the
metasandstones where bed ding is less than 1 me ter thick.  In gen -
eral, the char ac ter of the cleav age is de pend ent upon the rock
type. Cleav ages in slates in the Brewer Formation range from a
good pla nar slaty cleav age with lit tle or no rusty stain, to a mod -
er ately pla nar or slightly curved (not folded) slaty cleav age with
rusty stain, to an ir reg u lar slaty cleav age with lo cally pro -
nounced rusty stains. This ir reg u lar slaty cleav age is curved,
pro duc ing phacoidal cleavage.  Cleav ages in slates of the Ban gor 
Formation are typ i cally pla nar cleav ages de void of rusty stains.

Likewise, cleav ages in the sand stones are vari ably de vel -
oped. Some metasandstones ex hibit a faint or very weakly de vel -
oped rock cleav age, while other metasandstones ex hibit a very
strongly de vel oped pres sure so lu tion cleav age.

Re frac tion of cleav age or curved cleav age within
metasandstone beds, and re frac tion of cleav age across
metasandstone-slate bed ding planes are com mon.

Slaty cleavage (first gen er a tion)

Slaty cleav age is a re gion ally prom i nent struc tural element
that strikes north east-southwest and al most uni ver sally dips
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steeply to the north west.  In sand stones this cleav age may be
man i fested as a pres sure so lu tion cleav age.  Lo cally, how ever,
in ter pre ta tion may be equiv o cal.  Thicker metasandstone beds
may ex hibit par al lel sed i men tary lam i na tion, and cleav age may
be bed ding-par al lel or bed ding-subparallel.  Hence, cor rect in -
ter pre ta tion is dif fi cult be cause sed i men tary lami na tions may be
“en hanced” by bed ding-par al lel pres sure so lu tion cleav age.

Spaced (frac ture) cleav age (sec ond gen er a tion)

This cleav age is ax ial-pla nar to the sec ond gen er a tion
folds.  Spac ing be tween cleav age planes is typ i cally 1 cm, but
ranges from ap prox i mately 4 mm to 15 mm.  This cleav age has a
vari able strike with dips dom i nantly in the south east and north -
west quad rants. This cleav age is not ev ery where de vel oped. 
Most com monly it is seen in beds rang ing from ap prox i mately
15 to 75 cm in both formations.  Lo cally, the spaced cleav age is
an ax ial pla nar fan cleav age to the sec ond-gen er a tion fold set.

Mi nor folds in the Bucksport For ma tion

Five distinct fold styles are rec og nized in the Bucksport
For ma tion of the Veazie quadrangle.  In se quence from old est to
youn gest these are:  (1) An over turned to par tially re cum bent
fold set with subhorizontal fold axes and shal lowly dip ping ax ial 
sur faces.  This fold set is lo cally ac com pa nied by a folded cleav -
age which is ax ial pla nar to these folds. (2) Steeply plung ing
folds with steep to near ver ti cally plung ing fold axes and steep
ax ial sur faces; (3) Gently plung ing tight chev ron-style folds
with steeply dip ping ax ial sur faces; (4) Gently plung ing open
con cen tric folds with steeply dip ping ax ial sur faces; (5) An open 
con cen tric fold set with shal low fold axes and shal low to
sub-hor i zon tal ax ial planes.  This fold set is rare and is lo cally ac -
com pa nied by an ax ial pla nar or fan spaced cleav age.

Fold axes of the chev ron folds in the Bucksport For ma tion
are ori ented ap prox i mately par al lel to the first gen er a tion folds
in the Brewer and Ban gor For ma tions.  The youn gest fold set in
the Bucksport Formation, con cen tric-style folds with shal low
dip ping ax ial planes and as so ci ated spaced cleav ages, is con sis -
tent with the sec ond gen er a tion folds in the Brewer and Ban gor
For ma tions.
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