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IN TRO DUC TION

De tailed map ping in the Bar Mills 1:24,000-scale quad ran -
gle, Maine, was con ducted dur ing the sum mer of 1994 as part of
a broader co op er a tive pro gram with the U.S. Geo log i cal Sur vey
to com pile the bed rock ge ol ogy of the Port land 1:100,000-scale
quad ran gle.  This map ping and com pi la tion pro ject is also con -
trib ut ing to the State's ef forts to eval u ate po ten tial sources of ar -
senic in ground wa ter (see Marvinney et al., 1994).  The field
area is lo cated in the sec tion of the Cen tral Maine belt ex posed
south of the Sebago pluton and just strad dling and north of the
None such River fault as mapped by Hussey (1985) (Fig ure 1).  A 
thick ve neer of gla cial de pos its ob scures much of the bed rock of
the area, par tic u larly ar eas un der lain by metasedimentary rocks
and has frus trated ef forts to es tab lish strati graphic se quences
and cor re la tions.  The val ley of the Saco River pres ents a
fortuitous cross-strike window through these deposits.  

Strat i fied rocks of turbiditic char ac ter are punc tu ated by
gra nitic (Lyman) and gabbroic (Saco) plutons.  Struc tural grain
through out the area is pre dom i nantly north east-south west al -
though to ward the west there is a pro found tran si tion, across an
in ferred thrust, to a north west-south east grain.  The na ture of this 
tran si tion is the sub ject of on go ing map ping.  The area is gen er -
ally of am phi bo lite grade meta mor phism (see Guidotti, 1989). 
Thomson and Guidotti (1989) re port on Barrovian type meta -
mor phism in di cated by the pres ence of kyan ite closer to the
margin of the Sebago pluton to the north and east of the field
area.

STRA TIG RA PHY

Hutchins Cor ner For ma tion

This for ma tion, as de fined by Osberg (1988), is pre sumed
to form the base of the ex posed sec tion in the field area.  The age

of this for ma tion as de fined by Osberg (1988) is Or do vi cian or
Silurian.

Dis tri bu tion:  The Hutchins Cor ner For ma tion un der lies
the north east ern quar ter of the quad ran gle and ex tends south -
west ward as a nar row belt be tween the Lyman and Saco plutons. 
Within the Lyman pluton are sev eral large xenolithic blocks or
por tions of roof pen dants be long ing to this for ma tion.  Gen er ally 
the ar eas un der lain by this for ma tion in the area are of low re lief
and thickly man tled with gla cial de pos its.  Only the larger
streams in the north east ern quar ter of the quad ran gle cut through 
the over bur den to re veal the bed rock.

Li thol ogy:  The unit con sists of pre dom i nantly me -
dium-grained quartz-plagioclase-bi o tite granofels ar ranged in
beds of gen er ally me dium thick ness (5-10 cm) al though thin ner
pack ets and beds up to sev eral me ters thick oc cur.  Bed ding
thick ness is un pre dict able through out the area; large out crops
typ i cally con tain thinly and thickly bed ded pack ets.  Weath ered
granofels is usu ally light tan in color while fresh granofels has a
dis tinct salt-and-pep per char ac ter.  Large out crops of ten ex pose
beds which grade from me dium-grained granofels up ward into
thin quartzose bi o tite schist;  bases of these beds are sharp and
dis tinct.  In some sec tions bed ding is dis rupted, dis play ing ex -
ten sive boudinage, pinch-out of beds, and "bro ken" beds.  An ex -
cel lent ex po sure of the for ma tion which dis plays vir tu ally all the
lith o logic vari abil ity is on the east bank of the Saco River just be -
low the dam (Skelton Sta tion) at Un ion Falls.  Dis rupted beds are 
well ex posed on the west bank.

Occuring in fre quently in the granofels are small green -
ish-gray calc-sil i cate-rich lenses and thin beds.  The min er al ogy
in cludes epidote and of ten coarse-grained, salmon-col ored gros- 
sular gar net.  Lenses are gen er ally ovals flat tened in the bed ding
plane and of ten have coarse cen ters which are eas ily eroded, im -
part ing a vug gy char ac ter to these lenses. 
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Fig ure 1.  Gen er al ized bed rock ge ol ogy of the Port land 1:100,000-scale quad ran gle show ing the lo ca tion of the Bar Mills
1:24,000-scale quad ran gle.  Mod i fied from Osberg et al. (1985).



Per haps 10% of the unit con sists of gen er ally mas sive,
rusty-weath er ing quartzose, sulfidic bi o tite schist ar ranged in
se quences to a me ter in thick ness.  At sev eral lo cal i ties but par -
tic u larly be low the dam at Un ion Falls, the in com pe tency of this
li thol ogy rel a tive to the main part of the for ma tion can be seen. 
There the rusty schist thick ens dra mat i cally in the hinges of mi -
nor folds while the thick granofels beds re main gen er ally
unchanged from limb to hinge.

The char ac ter is tics of the for ma tion are in dic a tive of de po -
si tion through tur bid ity currents.  

Con tacts:  The con tacts of the for ma tion with the var i ous
plutonic rocks will be dis cussed in later sec tions.  The lower con -
tact of the for ma tion is not ex posed in the field area.  The up per
con tact is pre sumed to be with the Windham For ma tion, de -
scribed to be con form able by Hussey (1985).  As this con tact is
not ex posed in the field area and is in an area of scant ex po sure, 
there is no new in for ma tion bear ing on the na ture of this con tact.

Windham For ma tion

This unit was de fined by Hussey (1971, 1985) and cor re -
lated by him on the ba sis of li thol ogy and strati graphic po si tion
with the Waterville For ma tion ex posed north east of the Sebago
pluton.  The age of the unit (Si lu rian) is based on its cor re la tion
with the Waterville For ma tion (Hussey, 1985).

Dis tri bu tion:  This unit un der lies two ar eas in the quad ran -
gle:  a nar row north east-south west trending belt in the north-cen -
tral sec tion of the quad ran gle; and a large xenolithic block or
roof pen dant in the Lyman pluton in the vi cin ity of Un ion Falls. 
Hussey (1985) orig i nally in ter preted this belt as a synform
which plunges north east ward, but more de tailed work on the
stra tig ra phy is lead ing to some re con sid er a tion of this in ter pre ta -
tion.

Li thol ogy:  The pri mary li thol ogy of the unit is thin bed ded
to mas sive mus co vite-bi o tite-gar net-quartz schist with vari able
rusty weath er ing.  Interbedded with this li thol ogy are thin beds
of quartz-bi o tite+mus co vite granofels, and lo cal calc-sil i cate
gneiss.  In un cer tain strati graphic po si tion is a metalimestone
mem ber con sist ing of gray, thin rib bon-bed ded metalimestone
and calc-sil i cate mar ble interbedded with quartz-plagioclase-bi -
o tite schis tose granofels.  This li thol ogy com prises the
xenolithic block in the Lyman pluton.

Con tacts:  No where in the field area is the con tact of the
metalimestone mem ber with the main part of the for ma tion ex -
posed.  Given the interbedded na ture of the metalimestone and
schis tose granofels, it is likely that the con tact with the main part
of the for ma tion is gradational.  The con tact with the un der ly ing
Hutchins Cor ner For ma tion is not ex posed, but for the xenolithic 
block it is con strained within sev eral hun dred me ters.  At first
blush, top ping di rec tions in the Windham and Hutchins Cor ner
For ma tions sug gest that the Hutchins Cor ner is above the
Windham here.  This is con trary to data from other well-ex posed
sec tions re viewed by Hussey (1985).  Mi nor fold ing is aug -
mented around the mar gin of the Lyman pluton and likely causes

fre quent top ping re ver sals in the out crops clos est to the con tact
zone.

Un named strat i fied rocks

Sev eral small bod ies of un named strat i fied rocks oc cur
within the Saco pluton as xenolithic rafts, roof pen dants,
down-faulted blocks, or a com bi na tion of these.  Hussey (1985)
orig i nally as signed these, on the ba sis of li thol ogy, to the Kittery
For ma tion, but in the com pi la tion of Osberg et al. (1985) the
rocks are as signed to the Hutchins Cor ner For ma tion (then the
Vassalboro).  The strati graphic as sign ment of this unit, and its
age, are open to debate.

Li thol ogy:  While sec tions are sim i lar to the quartz-plagio-
clase-bi o tite granofels and mica schist of the Hutchins Cor ner
For ma tion, most are brown-weath er ing, car bon ate-rich, mas sive 
schist.  The out crops of ten have an an gu lar, blocky ap pear ance
due to com plex fab rics. 

Con tacts:  The con tacts of these rocks with the Saco pluton
will be dis cussed in a later sec tion.

INTRUSIVE ROCKS

Lyman pluton

Dis tri bu tion:  This two-mica gran ite forms a body, elon -
gated along struc tural grain, about 24 km long and 8 km wide.  It
un der lies nearly the en tire west ern half of the quad ran gle.  Top o -
graph i cally the pluton in this area is ex pressed as a se ries of
rounded hills, gen er ally in the con tact ar eas of the pluton, sur -
round ing broad gen tle bas ins now oc cu pied by swamp and rep -
re sent ing the more eas ily erodable core of the pluton. 

Li thol ogy:  Fine- to me dium-grained, light gray, gen er ally
unfoliated bi o tite-mus co vite gran ite is well ex posed in the field
area.  While peg ma tite dikes oc cur through out the pluton, they
are par tic u larly abun dant in the north ern sec tion and com pli cate
iden ti fi ca tion of the pluton mar gin there.  An im por tant char ac -
ter is tic of the gran ite is its joint ing.  There are sev eral sets of ver -
ti cal joints and one sheet ing set; de tails are pro vided in a
fol low ing sec tion.

Con tacts:  The pluton's con tact with the metasedimentary
units is sharp and well ex posed in sev eral lo cal i ties.  The best ex -
po sure in the field area is be low the dam at Un ion Falls on the
west bank of the Saco River.  The uni formly smooth con tact sur -
face of the gran ite ex posed di rectly at the base of the dam strikes
N-S and dips around 70o east ward.  There is no no tice able chill -
ing of the gran ite.  In the metasedimentary rocks of the Hutchins
Cor ner For ma tion the con tact is a brit tle zone ap prox i mately 1m
wide and is ac com pa nied by a late fo li a tion which ex tends up to a 
ki lo me ter away from the con tact.  The dis tri bu tion of this fo li a -
tion and the ob served dip of the con tact form the ba sis for
Hussey's (1985) sug ges tion that the pluton is a thin len tic u lar
sheet which dips mod er ately east ward.  

Bedrock geology of the Bar Mills quadrangle, Maine
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The north ern bound ary of the Lyman pluton is poorly ex -
posed and com pli cated by ex ten sive peg ma tite dike in tru sion,
these be ing pref er en tially ex posed.  The con tact is drawn be -
tween the peg ma tite and the first metasedimentary rock out crop.  
This con di tion ap plies to the straight seg ment of the south east ern 
bound ary of the pluton as well; the ac tual con tact there falls any -
where within a 1 km-wide zone.  Other con tact zones are well
constrained by outcrop.

Age:  Rb/Sr whole rock anal y sis by Gaudette et al. (1982) is 
the ba sis for the Mis sis sip pian age (322+12 Ma) of the pluton.

Peg ma tite dikes

Peg ma tite var ies from very thin to me ters-thick dikes
which abound within and in the vi cin ity of the two gra nitic
plutons.  The min er al ogy of these is com monly very
coarse-grained feld spars, quartz, mus co vite, bi o tite, gar net, and
schorlite.  Their ori en ta tions are quite vari able and their dis tri bu -
tion is great est in the vi cin ity of the mar gin of the Lyman pluton.

Saco pluton

Dis tri bu tion:  The Saco pluton un der lies the south east ern
cor ner of the quad ran gle, strad dling the Saco River where it con -
trols a dis tinct to pog ra phy con sist ing of small knobs of 50-100 ft
re lief.  This oval pluton ex tends into neigh bor ing quad ran gles
with the long di men sion of ap prox i mately 6 km par al lel to
regional structural grain.  

Li thol ogy:  The pri mary li thol ogy is a coarse-grained, me -
dium dark gray to slightly green ish gray metadiorite/gab bro in
which al most all pri mary sil i cate min er als are al tered to sec ond -
ary as sem blages.  Ac cord ing to Hussey (1985), plagioclase is
ex tremely saussuritized and hornblende and augite are al most
en tirely al tered to fi brous am phi bole.  These ob ser va tions are
con firmed in the study area.  

Some sec tions of the pluton are non-fo li ated; oth ers are ex -
tremely fo li ated and sheared.  With the ex cep tion of the north -
west ern mar gin of the pluton which is con trolled by a thrust fault, 
this fo li a tion and shear ing is quite vari able.  Two pos si bil i ties ex -
ist for the or i gin of shear ing: (1) Shear ing is the prod uct of in ter -
nal ad just ments made as the magma was in truded in a semi-solid
state; (2) Shear ing is the prod uct of post-in tru sion tec ton ics.  The 
lat ter implies an older age for the pluton.

A pre vi ously un mapped phase of this pluton, oc cur ring as
sev eral small bod ies within the main out line of the pluton, is gra -
nitic to granodioritic in com po si tion.  The min er al ogy of this
light-col ored me dium-grained rock in cludes plagioclase, bi o tite, 
and hornblende with mi nor quartz in some ar eas.  Along the
north west ern mar gin of the pluton this phase also is sheared.

Con tacts:  The only ex posed con tacts of the pluton with the
metasedimetary rocks are along the pluton's north west ern mar -
gin.  This is a fault con tact de scribed in a later sec tion.

Age:  The age of the Saco pluton as de ter mined through
Rb/Sr whole-rock anal y sis is 307+20 Ma (Gaudette et al., 1982).  

Given the de gree of al ter ation and de for ma tion ex pe ri enced by
this pluton, I con cur with Hussey's (1985) sug ges tion that it
could be older.

Mafic dikes

Dis tri bu tion:   In trud ing all rock types in the area are un al -
tered ba saltic dikes of pre sumed Me so zoic age.  Swarms of dikes 
oc cur in some ar eas.  

Li thol ogy:  Dark gray dikes range from a few cm to sev eral
me ters in thick ness.  They con tain abun dant 1-2 mm plagioclase
pheno crysts and have lighter gray, nar row chill mar gins gen er -
ally de void of pheno crysts.  Dikes typ i cally have pla nar con tacts
and im part very lit tle al ter ation to the host rocks.  Co lum nar
joint ing is usu ally de vel oped per pen dic u lar to dike walls.  With
few ex cep tions these dikes are steeply dip ping and strike
NE-SW, gen er ally par al lel to bed ding/fo li a tion in the
metasedimentary rocks.  Fig ure 2 is a rose di a gram of the strikes
of dikes.

STRUCTURAL GEOLOGY

Fo li a tion

Sev eral gen er a tions of fo li a tion af fect the rocks of the field
area.  An early fo li a tion of un cer tain or i gin par al lels bed ding.  A
later fo li a tion of prob a ble Aca dian or i gin par al lels bed ding ex -
cept in the hinge ar eas of up right folds.  These foliations can not
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Fig ure 2.  Rose di a grams of strikes of mafic dikes of prob a ble Me so zoic
age.  Most dikes strike north east ward.



be dis tin guished out side of hinge ar eas.  A late fo li a tion lo cally
af fects metasedimentary rocks intruded by the Lyman pluton.

Bed ding (S0):  Bed ding is al most uni ver sally steeply dip -
ping through out the area ex cept in the hinge ar eas of mi nor folds.  
Fig ure 3 is a lower hemi sphere stereoplot of poles to bed ding
which shows the gen er ally steeply dip ping na ture of bed ding. 
The gir dle of poles is in dic a tive of re gional-scale fold ing which
plunges mod er ately north east ward. 

Early fo li a tion (S1):  This fo li a tion can not be dis tin guished 
from S2 ex cept in the hinge ar eas of up right folds.  The coarser
grained, well-bed ded metasedimentary rocks ex hibit a strong
bed ding-par al lel fo li a tion, usu ally steeply dip ping and par al lel
to the strike of bed ding.  In granofels, this fo li a tion is man i fest as
an al ter na tion of light and dark laminae of a few mil li me ters in
thick ness.  The light laminae are more con cen trated in quartz and 
feld spars; the dark in bi o tite.  In schists, the fo li a tion is a per va -
sive schistosity.  

In the granofels only, this fo li a tion is seen to be folded in
sev eral up right folds and may have its or i gin in early re cum bent
fold ing of the type de scribed by Osberg (1988) in ar eas north east 
of the Sebago pluton, and by Eusden et al. (1987) in ar eas to the
west.  This fo li a tion is not folded in the schist.  Nei ther re cum -
bent fold noses nor down ward-fac ing sec tions, which would
con firm this in ter pre ta tion, have been found in the area.  Al ter na -
tively but less likely, laminae in the granofels may be of sed i men -
tary or i gin rather than tec tonic.  If this be the case, then the rocks
do not re cord an early fold ing ep i sode.  Fig ure 4 is a stereplot of
poles to S1 fo li a tion.

S2 fo li a tion:  The fo li a tion which is seen in schist to be ax -
ial-pla nar to up right folds is as signed to the sec ond gen er a tion of
fo li a tion and is prob a bly Aca dian in or i gin.  It is man i fest as
schistosity in the schist and can only be dis tin guished from S1 in
the hinge zones of mi nor folds.  S2 is not ob served in the
granofels.

S3 fo li a tion:  An in tru sion-re lated fo li a tion mapped by
Hussey (1985) af fects the metasedimentary rocks in ar eas im me -
di ately ad ja cent to the Lyman pluton.  This ef fect is most clearly
seen in the ori en ta tion of schistosity in the mica schist sec tions of 
the Hutchins Cor ner For ma tion near the pluton con tact.  These
ef fects fade away be yond a ki lo me ter dis tance of the pluton. 
This is man i fest as a crenulation of the prob a ble Aca dian fo li a -
tion in the schist.

Joints:  Joints are the pri mary av e nue for ground-wa ter
move ment through out south west ern Maine and else where in the
state and af fect all rock types in the area.  Their char ac ter is tics,
then, are very sig nif i cant to stud ies of ground-wa ter qual ity and
quan tity.  A sum mary of brit tle frac ture ori en ta tions by Starer
(1995) shows two pri mary ori en ta tions:  steeply dip ping and
strik ing ~ 030o and steeply dip ping and strik ing ~ 105o.  There is
an ad di tional sheet ing set in the gran ite.  Joint sur faces are clean
and fairly uni form.  Only about 10% of the brit tle frac tures are
infilled with vein quartz; no other min er al iza tion was ob served. 
Fig ure 5 is a stereplot of poles to joint planes that shows the
near-ver ti cal, nearly east-west ori en ta tion of many joints.

Bedrock geology of the Bar Mills quadrangle, Maine

5

Fig ure 3.  Equal area lower hemi sphere stereoplot of poles to bed ding
planes.  The gir dling of poles about a great cir cle in di cates that the over -
all fold struc ture of the re gion plunges north east ward.

Fig ure 4.  Equal area lower hemi sphere stereoplot of poles to planes of
early fo li a tion (S1).  The re la tion ships shown here are sim i lar to those
for bed ding (Fig. 3).



Folds:  Small-scale folds are ex posed in a few of the larger
out crops along the Saco River; few have been seen else where
ow ing mostly to the poor na ture of ex po sure.  Most are tight to
iso cli nal, up right, and north east-plung ing, mim ick ing the style
in ter preted for the re gional struc ture of the area.  In the vi cin ity
of the Lyman pluton Hussey (1985) mapped weak con tact-par al -
lel small-scale (10s of cm) folds.  Else where we are be gin ning to
rec og nize larger scale (sev eral 10s of me ters am pli tude) late
folds which plunge to the north.  They have only been ob served
in the vi cin ity of the Lyman pluton and may be a larger-scale ver -
sion of the con tact ef fects noted by Hussey (1985).

Faults:  Hussey (1985) mapped sev eral im por tant faults in
the area, in clud ing a thrust which sep a rates the Hutchins Cor ner
For ma tion from units to the west and the None such River fault. 
The for mer is the sub ject of on-go ing in ves ti ga tions with no new
re sults at this time.  Hussey (1985) mapped the None such River
fault as bi sect ing the Saco pluton and also re sult ing in the ex po -
sure of metasedimentary rocks in a fault block within the pluton. 
This par tic u lar fault trace has of ten been noted as a ma jor fault in
the con tin u a tion of the Norumbega fault zone from the north east
(see, for ex am ple, West et al., 1993).  

More de tailed map ping along this trace leads to the sug ges -
tion that this is prob a bly not a ma jor fea ture of the fault sys tem. 
Shear ing is only lo cal ized and not par tic u larly strong within the
metasedimentary block in the Saco pluton.  Shear fab rics in the
bor der ing Saco pluton are highly vari able in strength and pre -
dom i nantly ori ented with an E-W strike which is in con sis tent
with the ori en ta tion of the None such River fault.  While there
most cer tainly is a fault along the straight stretch of the Saco
River here, it is not a par tic u larly sig nif i cant one.  Fig ure 6 is a
stereoplot of poles to shear planes.  The gir dle of points here is
sim i lar to that for bed ding and S1 fo li a tion, giv ing rise to the sug -
ges tion that some of the shearing may have predated folding.

A much more sig nif i cant fault marks the north west ern
bound ary of the Saco pluton with the Hutchins Cor ner For ma -
tion and is well ex posed in some road side out crops and a stream. 
This fea ture is marked by an in creas ing in ten sity of shear fab ric,
spe cif i cally a strong min eral lineation, in the Saco pluton.  This
fab ric is ori ented 020-045o strike with 35-50o dip and dom i nates 
the out crops of the pluton, in clud ing the granodioritic phase,
along its en tire north west ern con tact.  The lineation falls in a
plane par al lel to the con tact and plunges di rectly down-dip.  I in -
ter pret the north west ern con tact of the Saco pluton to be a pre vi -
ously un mapped SE -over-NW thrust of sig nif i cant pro por tion. 
The lat eral continuation of this fault is uncertain. 
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