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IN TRO DUC TION

The pur pose of the study lead ing to this pa per was to in ves -
ti gate more fully the na ture of the im por tant con tact be tween the
Kearsarge-cen tral Maine lithotectonic se quence and the Fal -
mouth-Bruns wick lithotectonic se quence, from the cen tral part
of the Weeks Mills 7.5’ quad ran gle in the south west to the north -
ern part of the Brooks East 7.5’ quad ran gle in the north east.  This
con tact was pre vi ously ex am ined by Pankiwskyj (1976), who
con cluded that it was a ma jor fault, which he named the
Hackmatack Pond fault.  It sep a rated the Vassalboro For ma tion
of the Kearsarge-cen tral Maine se quence to the north west from
rocks to the south east which at that time were cor re lated with the
Cush ing Formation of the Casco Bay Group.

Sub se quent to that study, Newberg (1985) ac cepted the
con tact be tween the two lithotectonic se quences to be the
Hackmatack Pond fault; how ever, he in cluded in the Vassalboro
For ma tion sev eral units which I con sid ered to be mem bers of the
Cush ing For ma tion.  In par tic u lar, he con sid ered the sulfidic
rusty-weath er ing rocks of the Bea ver Ridge Mem ber of the
Cush ing For ma tion (Pankiwskyj, 1976) to be a rusty-weath er ing 
unit within the oth er wise gray-weath er ing Vassalboro
Formation.  

Osberg (1988) agreed with Pankiwskyj (1976) and ac -
cepted the above noted rusty-weath er ing rocks as a mem ber of
the Cush ing For ma tion; how ever, he con sid ered the con tact be -
tween the Vassalboro For ma tion (re named by him as the
Hutchins Cor ner For ma tion) and the Cush ing For ma tion to be an 
un con formity, not a fault.  Later, how ever, Osberg and Berry
(1991) shifted to fa vor ing the fault na ture of the con tact, as was
orig i nally sug gested by Pankiwskyj (1976).

In a con cur rent pa per on the struc ture and stra tig ra phy to
the south west of the area of study, Hussey (1988) de scribes in

de tail all the for ma tions which are part of the Casco Bay Group. 
He in ter prets this group as be ing rep re sented in two dis tinct
lithotectonic pack ages:  the Fal mouth-Bruns wick se quence to
the north west and the Saco-Harpswell se quence to the south east.  
The Fal mouth-Bruns wick se quence con tains four mem bers of
the Cush ing For ma tion (the Nehumkeag Pond Mem ber, the
Mount Ara rat Mem ber, the Torrey Hill Mem ber, and the Rich -
mond Cor ner Mem ber).  The Saco-Harpswell se quence con tains
the re main ing mem bers of the Cush ing For ma tion (the Wil son
Cove Mem ber, the Peaks Is land Mem ber, the Bethel Point Mem -
ber, the Merepoint Mem ber, and the Yarmouth Is land Mem ber);
as well as eight youn ger for ma tions.  Hussey (1988) also shows
the Kearsarge-cen tral Maine se quence sep a rated from the Fal -
mouth-Bruns wick se quence by the Hackmatack Pond fault, and
the Fal mouth-Bruns wick se quence sep a rated from the
Saco-Harpswell se quence by the Beech Pond fault, both in ter -
preted as shal lowly north west-dip ping thrusts. How ever, both
the Beech Pond fault and the Hackmatack Pond fault are shown
as cut off by the Fly ing Point fault, a ma jor component of the
Norumbega fault system, which postdates the Acadian orogeny.

Since the 1988 pa per, Hussey (per sonal com mu ni ca tion)
has com pletely re moved the lith o logic units within the Fal -
mouth-Bruns wick se quence from the Cush ing For ma tion and
has raised all of them to for ma tion sta tus.  In ad di tion, the name
Saco-Harpswell se quence has been re placed with the name
Casco Bay se quence. I fol low these schemes in this paper.

This re port is the re sult of map ping car ried out dur ing the
sum mer and fall of 1991 for the pur pose of ob tain ing more ev i -
dence on the na ture of the dis puted con tact be tween the
Kearsarge-cen tral Maine and Fal mouth-Bruns wick se quences. 
The con clu sions reached are that the con tact is in deed a ma jor
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fault, the Hackmatack Pond fault, as orig i nally con ceived by
Pankiwskyj (1976).  The re port is di vided into two sec tions:  (1)
stra tig ra phy and (2) structure.

In the sec tion on stra tig ra phy, the Kearsarge-cen tral Maine
se quence in the study area con tains only one for ma tion, the
Hutchins Cor ner For ma tion (SOh), which in cludes the Wind sor
Neck Hill Mem ber (SOhw).

The Fal mouth-Bruns wick se quence in the study area is
sub di vided into five for ma tions, listed in or der of in ter preted de -
creas ing age:  the Nehumkeag Pond For ma tion (On); the Mar den 
Hill For ma tion (Om); the Parmenter Cem e tery For ma tion (Op);
the Bea ver Ridge For ma tion (Ob); and the Carrs Cor ner For ma -
tion (Occ), which in cludes the Sandy Pond Mem ber (Occs).  All
con tacts appear to be conformable. 

The Casco Bay se quence in the area of this study is di vided
into two for ma tions.  The older is the Cush ing For ma tion, which
is mapped as un dif fer en ti ated (Oc) and also sub di vided into two
mem bers:  the Wil son Cove Mem ber (Ocwc) and the Whitten
Hill Mem ber (Ocwh).  The youn ger for ma tion is the Cape Eliz a -
beth For ma tion (Oce), and the con tact be tween it and the Cush -
ing For ma tion is at least lo cally faulted.  How ever, this con tact
was not stud ied in de tail, and thus no con clu sion is be ing reached 
about the na ture of the contact in its entirety.

In the sec tion on struc ture, nine faults are iden ti fied in the
study area.  The pre sumed old est is the Hackmatack Pond fault, a
shal lowly northwestward dip ping thrust, which forms the con -
tact be tween the Kearsarge-cen tral Maine lithotectonic se -
quence and the Fal mouth-Bruns wick lithotectonic se quence. 
The Bea ver Ridge fault is close to and subparallel to the
Hackmatack Pond fault and may be con tem po ra ne ous.  It maps
out en tirely within the Fal mouth-Bruns wick se quence.  The
Saban Pond fault is youn ger than the Hackmatack Pond fault,
since it off sets the lat ter.  The rel a tive age of the Meadow Brook
fault with re spect to the above faults is un cer tain.  How ever,
since it is ter mi nated at the Stantial Bog fault whereas the Hill
806 fault is not, the Meadow Brook fault is con sid ered to be
older than the Hill 806 fault.  The Hill 806 fault is ten ta tively cor -
re lated with the Beech Pond fault, and they are con sid ered a
splay of the Norumbega fault sys tem, which post dates the time
of Aca dian meta mor phism.  Fi nally there is the trip let of
subparallel N80W-S80E trending faults:  the Knox Ridge fault,
the Stantial Bog fault, and the Jack son Cor ners fault.  The first
and sec ond off set the Hill 806 fault, thus all three are con sid ered
to be the youngest faults in the area of this study.

STRATIGRAPHY

CASCO  BAY  SEQUENCE

Gen eral State ment

In the study area, the Casco Bay se quence is rep re sented by
two for ma tions:  the older Cush ing For ma tion, mapped as un dif -

fer en ti ated (Oc), the Whitten Hill Mem ber (Ocwh) in the mid dle
part of the ex posed sec tion, and the Wil son Cove Mem ber
(Ocwc) at the very top of the sec tion; and the youn ger Cape Eliz -
a beth For ma tion (Oce), which is not subdivided.

Cush ing For ma tion (Oc), in clud ing the Whitten Hill Mem ber
(Ocwh)

1. Name.  The name Cush ing was first used by Katz (1917)
for a unit he called the Cush ing Granodiorite from the type ex po -
sures on Cush ing Is land in Casco Bay.  Since then these rocks
have been gen er ally re in ter preted to rep re sent a com plex pack -
age of dom i nantly fragmental fel sic vol ca nic rocks, in many re -
gions meta mor phosed to high grades.  As used by Hussey
(1985), the Cush ing For ma tion was sub di vided into three
lithotectonic belts:  the Port land - Harpswell belt, con tain ing
four mem bers; the Fal mouth-Bruns wick belt, con tain ing four
mem bers; and the East Harpswell - Merrymeeting Bay belt, con -
tain ing three mem bers.  Sub se quently, Hussey (1988) com bined
the first and third of the above belts into the sin gle
Saco-Harpswell se quence, con tain ing five mem bers of the
Cush ing For ma tion, as well as eight youn ger for ma tions.  The
Fal mouth-Bruns wick belt was re named the Fal mouth-Bruns -
wick se quence, still with the same four members of the Cushing
Formation.

Most re cently, Hussey (per sonal com mu ni ca tion), has re -
moved the lith o logic units of the Fal mouth-Bruns wick se quence
from the Cush ing For ma tion, and es tab lished them as four in de -
pend ent for ma tions:  Nehumkeag Pond For ma tion, Mount Ara -
rat For ma tion, Torrey Hill For ma tion, and Rich mond Cor ner
For ma tion.  Con com i tantly the name Saco-Harpswell se quence
was re placed with the name Casco Bay se quence, con tain ing
five mem bers of the Cush ing For ma tion:  Yarmouth Is land
Mem ber, Bethel Point Mem ber, Peaks Is land Mem ber,
Sebascodegan Mem ber, and Wil son Cove Mem ber.   This def i ni -
tion of the Cushing Formation is followed in this paper.

In the area of this study, rocks as signed to the Cush ing For -
ma tion are sub di vided into the main un dif fer en ti ated part (Oc),
com posed mostly of gray- to buff-weath er ing fel sic meta vol can -
ic rocks; the Whitten Hill Mem ber (Ocwh), com posed of sul -
fide-bear ing, punky- to rusty-weath er ing rocks; and the very
dis tinc tive Wil son Cove Mem ber (Ocwc), which is de scribed in
a section of its own.

The name Whitten Hill Mem ber of the Cush ing For ma tion
was first used in for mally by Pankiwskyj (1976).  The type lo cal -
ity is along the crest of Whitten Hill in the north ern part of the
Lib erty 7.5’ quad ran gle.  The type sec tion is in a brook about 400 
me ters to the south west of Whitten Cem e tery, be tween el e va -
tions of 500 feet and 580 feet.

2. Area of ex po sure.  In the area of this study, rocks as -
signed to the Cush ing For ma tion are found ex clu sively to the
south east of the Hill 806 fault, whose ex is tence is un cer tain; and
also to the south east of the Beech Pond fault, whose ex is tence is
only pos tu lated.  The Beech Pond fault was es tab lished by
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Newberg (1985), and I ten ta tively cor re late it with the Hill 806
fault.  The south east ern con tact of the Cush ing For ma tion is with
the Cape Eliz a beth For ma tion, and the Wil son Cove Mem ber of
the Cush ing For ma tion (Ocwc) is in vari ably pres ent at the
contact in the area of this study. 

 3. Thick ness.  The lower con tact of the Cush ing For ma tion 
is not ex posed in this area, be ing cut out by the Hill 806 - Beech
Pond faults noted above.  In the north east ern part of the area, the
out crop width of the en tire for ma tion is only 300 me ters, but in
the Palermo 7.5’ quad ran gle to the south west, the out crop width
is up to 5 ki lo me ters.  No ac cu rate thick ness es ti mate for the en -
tire for ma tion is pos si ble.  The thick ness of the sec tion be tween
the Wil son Cove Mem ber and the Whitten Hill Mem ber may be
on the or der of 200 me ters, of the Whitten Hill Mem ber it self
about 100 me ters, and of the sec tion to the north east of the
Whitten Hill Member perhaps as much as 300 meters.

4. Li thol ogy.  The dom i nant rock type in the main un dif fer -
en ti ated part of the Cush ing For ma tion is light gray to slightly
buff weath er ing, highly vari ably bed ded and lam i nated, typ i -
cally fine- to me dium-grained plagioclase-quartz æ mus co vite æ
biotite granofels.  The fol low ing are sub or di nate for the for ma -
tion as a whole, but lo cally abun dant:  salt and pep per bi o -
tite-plagioclase-quartz æ hornblende æ mus co vite granofels;
plagioclase-quartz-bi o tite-sillimanite-mus co vite granofels; am -
phi bo lite with or with out gar net, and com monly con tain ing pods
of plagioclase and diopside; and calc-silicate granofels.

The Whitten Hill Mem ber is dif fer en ti ated from the main
part on ac count of the pro nounced rusty-weath er ing as pect of its
out crops.  They in clude quartz-plagioclase-mus co vite granofels
interbedded with quartz-mus co vite-plagioclase schist;
plagioclase-quartz-bi o ti te  æ  hornblende schist;  and
quartz-plagioclase-mus co vite-bi o tite æ gar net æ sillimanite
schist.

5. Con tacts.  What would be pre sumed to be the lower con -
tact of the Cush ing For ma tion is not ex posed on ac count of the
pres ence of the Hill 806 - Beech Pond faults.  Both the lower and
up per, re spec tively the north west ern and south east ern, con tacts
of the Whitten Hill Mem ber with the un dif fer en ti ated part are
con form able and gradational.  Al ter nat ing sec tions of
gray-weath er ing rocks and rusty-weath er ing rocks are en coun -
tered in the con tact zone.  The con tact of the un dif fer en ti ated part 
of the Cush ing For ma tion (Oc) with the Wil son Cove Mem ber
(Ocwc) is also gradational and is dis cussed in the section relating 
to this member.

6. Cor re la tion.  As the name im plies, rocks mapped as the
Cush ing For ma tion in the area of this study are cor re lated with
the Cush ing For ma tion as cur rently de fined by Hussey (per sonal 
com mu ni ca tion); i.e., re stricted to the Casco Bay se quence.  The
Whitten Hill Mem ber of this study, by vir tue of its po si tion near
the mid dle part of the for ma tion, is ten ta tively cor re lated with the 
Bethel Point Mem ber of the Casco Bay area.  The un dif fer en ti -
ated part which is to the north west of (be low) the Whitten Hill
Mem ber is ten ta tively cor re lated with the Yarmouth Is land
Mem ber; and that part to the south east of (above) the Whitten

Hill Mem ber is thus ten ta tively correlated with the Peaks Island
Member.

Wil son Cove Mem ber  (Ocwc)

1. Name.  The name Wil son Cove Mem ber of the Cush ing
For ma tion was first used in for mally by Hussey (1971) for the
unique mafic meta vol can ics and as so ci ated rocks ex posed on the 
west shore of Harpswell Neck in the Orrs Is land 7.5’ quad ran gle.  
Iden ti cal rocks were noted in the Lib erty 15’ quad ran gle by
Pankiwskyj (1976).

2. Area of ex po sure.  The Wil son Cove Mem ber of the
Cush ing For ma tion forms a re mark ably per sis tent belt through
the en tire south east ern part of this study area.  It has been con fi -
dently traced from Marsh Stream in the East Dixmont 7.5’ quad -
ran gle, north east of this study area, all the way to near
Somerville in the Razorville 7.5’ quad ran gle, south west of this
study area - a dis tance of about 60 km.  Osberg and oth ers (1985)
show this belt con tin u ing to the south west for another 8 km.

3. Thick ness.  On the ba sis of ex po sures in the Lib erty 7.5’
quad ran gle, the thick ness of the Wil son Cove Mem ber is es ti -
mated at about 50 me ters.  This falls right in the mid dle of the 0 -
120 me ter thick ness es ti mated by Hussey (1988) in south west -
ern Maine.

4. Li thol ogy.  The Wil son Cove Mem ber of the Cush ing
For ma tion is de fined by a dis tinc tive se quence of weakly to in -
tensely rusty weath er ing, dark gray where fresh, fine- to
coarse-grained, typ i cally gar net-rich granofels and schist.  In ad -
di tion to the near ubiq ui tous gar net, the granofels con tains
quartz, plagioclase, and highly vari able amounts of bi o tite æ
hornblende æ grunerite, and up to sev eral per cent of sul fide min -
er als.  The schist con tains highly vari able amounts of bi o tite æ
mus co vite æ gar net in ad di tion to quartz, plagioclase, and sul fide
min er als.  The re la tion ships among the rock types are dif fi cult to
es tab lish, but thick and thin beds are en coun tered.  In di vid ual
out crops of granofels or schist lack ing am phi boles and gar net
are sim i lar to rocks noted in the Whitten Hill Mem ber of the
Cush ing For ma tion (Ocwh) and also to most rocks in the Bea ver
Ridge For ma tion (Ob) of the Fal mouth-Bruns wick se quence,
but the gar net- and amphibole-rich rock types are unique and
readily identifiable.

5. Con tacts.  What is in ter preted as the lower con tact, on
the north west ern side of the unit, is with the main part of the
Cush ing For ma tion (Oc).  It ap pears con form able and is seen,
down wards in the sec tion, as a de crease in the in ten sity of rusty
weath er  ing and in  creas ing dom i  nance of  the
plagioclase-quartz-bi o tite-mus co vite granofels, which is the
most com mon rock type of the main part of the Cushing
Formation.

The south east ern con tact is prob lem atic.  Rusty-weath er -
ing mus co vite-bi o tite-quartz-plagioclase schist, mapped as part
of the Wil son Cove Mem ber, passes within a dis tance of about 10 
me ters into gray-weath er ing interbedded granofels and schist,
mapped as part of the Cape Eliz a beth For ma tion.  Abun dant
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veins of pure quartz, some with vugs con tain ing ter mi nated
quartz crys tals, are noted in this con tact zone.  There is a good
chance that this con tact is a fault, and thoughts on this sub ject are
ex pressed in the sec tion on the Cape Elizabeth Formation.

6. Cor re la tion.  The rocks of this mem ber are eas ily rec og -
nized as iden ti cal to those at Wil son Cove on the north west ern
shore of Harpswell Neck in the Orrs Is land 7.5’ quad ran gle, and
were thus cor re lated by Pankiwskyj (1976).  The Wil son Cove
Mem ber, as most re cently de scribed by Hussey (1988), is at the
very top of the Cush ing For ma tion of the Casco Bay se quence in
southwestern Maine.

Cape Eliz a beth For ma tion  (Oce)

1. Name.  The name Cape Eliz a beth For ma tion was in tro -
duced by Katz (1917) for the shore line ex po sures in the town of
Cape Eliz a beth, south of Port land, Maine.  This name was first
used in the area of this study by Pankiwskyj (1976).  Prior to that, 
rocks now as signed to this for ma tion were typ i cally re ferred to
as the Hogback Schist, a name in tro duced by Perkins and Smith
(1925).

2. Area of ex po sure.  In the area of this study, the Cape
Eliz a beth For ma tion is found in two sep a rate belts.  One is a thin
belt, found only in the Brooks East and the Brooks West 7.5’
quad ran gles, and is bounded to the north west by the Meadow
Brook fault and to the south east by the Hill 806 fault.  This belt
con tin ues to the north east out of the area of this study, but is cut
off on the south west ern side by the Stantial Bog fault.  The sec -
ond belt of the Cape Eliz a beth For ma tion forms the south east ern
mar gin of this area of study.  It is sev eral ki lo me ters wide, but
only its north west ern mar gin is shown on the geologic map.

3. Thick ness.  The top of the Cape Eliz a beth For ma tion is
out side of the area of this study.  Hussey (1985) states an es ti -
mated max i mum thick ness of 350 me ters from the con tin u ous
sec tion in the town of Cape Elizabeth.

4. Li thol ogy.  The Cape Eliz a beth For ma tion, in the very
lim ited area of this study, is a mo not o nous se quence of
interbedded granofels and schist.  The granofels is light to me -
dium gray weath  er  ing and is  com posed of
quartz-plagioclase-mus co vite-bi o tite, form ing beds rang ing in
thick ness from 2 cm to 20 cm, and com monly con tain ing part -
ings of mus co vite-bi o tite-gar net æ sillimanite.  The schist is me -
dium gray weath  er  ing and is  com posed of
quartz-plagioclase-mus co vite-bi o tite-gar net, form ing beds
rang ing in thick ness from 1 cm to 10 cm, and com monly con tain -
ing thin part ings of quartz and plagioclase.  In freshly bro ken
spec i mens, the granofels is com monly me dium to dark gray,
which is due to the pres ence of up to 1% of finely dis sem i nated
opaque min er als as well as 2%-4% bi o tite.  The schist has a high
de gree of fissility due to the pres ence of large par al lel grains of
mus co vite, 35% on the av er age but up to 75% in spec i mens
which show well-de vel oped part ings of quartz and plagioclase. 
In most cases bi o tite is strongly sub or di nate to mus co vite, which

is opposite to the relative abundances in the Hutchins Corner
Formation.

5. Con tacts.  Both con tacts of the thin north west ern belt of
the Cape Eliz a beth For ma tion in this study area are faults, and
are dis cussed in the sec tions on the Meadow Brook fault and the
Hill 806 fault.

The north west ern con tact of the south east ern belt of the
Cape Eliz a beth For ma tion is with the Wil son Cove Mem ber of
the Cush ing For ma tion (Ocwc).  This same re la tion ship has been 
traced by this writer to the very west ern edge of the Razorville
7.5’ quad ran gle, to the south west and out side of this study area. 
Wher ever ex posed, a rusty-weath er ing schist con tain ing abun -
dant veins of pure quartz, some with vugs con tain ing ter mi nated
quartz crys tals, is pres ent be tween the typ i cal gray granofels and
schist se quences of the Cape Eliz a beth For ma tion and the char -
ac ter is tic rusty-weath er ing gar net-rich am phi bo lite of the Wil -
son Cove Mem ber.  The na ture of this con tact is un clear.  Hussey
(1988) re ports that, in south west ern Maine, the Cape Eliz a beth
For ma tion is found in con tact with ei ther the Wil son Cove Mem -
ber of the Cush ing For ma tion, with other mem bers of the Cush -
ing For ma tion, or with the Sebascodegan For ma tion.  The
con tact could be a fault, or an un con formity, or it could even be a
con form able con tact with var i ous lith o logic units within the
Cush ing For ma tion which are fa cies of one an other.  The ques -
tion then arises, why one thin mem ber of the Cush ing For ma tion, 
namely the Wil son Cove Mem ber es ti mated to be not more than
120 me ters thick, should be the sole unit in con tact with the
above-ly ing Cape Eliz a beth For ma tion for the 50 km stretch
from Coopers Mills in the southwest to near Jackson in the
northeast?  At present, this problem is unresolved.

6. Cor re la tion.  The cor re la tion of the rocks of the Cape
Eliz a beth For ma tion in this area of study with those at the type
lo cal ity in the town of Cape Eliz a beth has al ready been stated. 
The Wood land For ma tion of east ern Maine bears con sid er able
sim i lar ity to the Cape Eliz a beth For ma tion, and they may be
equiv a lent.  Sim i larly, the Aziscohos For ma tion of the north -
west ern limb of the Kearsarge-cen tral Maine synclinorium has
some sim i  lar  i  t ies,  l i thologically and pos si  b ly also
stratigraphically with the Cape Eliz a beth For ma tion, and may be
equiv a lent.  How ever, any cor re la tion at this time be tween units
in the Casco Bay se quence with units in the Kearsarge-cen tral
Maine sequence are highly speculative.

FALMOUTH - BRUNSWICK  SEQUENCE

Gen eral State ment

In the area of this study, the Fal mouth-Bruns wick se quence 
is rep re sented by five for ma tions.  Listed in in ter preted de creas -
ing age these are:  the Nehumkeag Pond For ma tion (On); the
Mar den Hill For ma tion (Om) and its fa cies the Parmenter Cem e -
tery For ma tion (Op); the Bea ver Ridge For ma tion (Ob); and the
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Carrs Cor ner For ma tion mapped as the un dif fer en ti ated part
(Occ) and the Sandy Pond Member (Occs).

Nehumkeag Pond For ma tion   (On)

1. Name.  The name, Nehumkeag Pond Mem ber of the
Cush ing For ma tion, was first pro posed in for mally by Newberg
(1981a,b) for ex po sures north of Nehumkeag Pond in the
Wiscasset 15’ quad ran gle.  Later, in his work in the Palermo 7.5’
quad ran gle, Newberg (1985) cor re lated all lith o logic units dom -
i nated by buff-weath er ing fel sic meta vol can ic rocks with this
member. 

At this same time, as a re sult of his work in the Casco Bay
re gion, Hussey (1985) for mally sub di vided the Cush ing For ma -
tion into eleven mem bers: four in the South Port land - Harpswell
belt, four (in clud ing the Nehumkeag Pond Mem ber) in the Fal -
mouth-Bruns wick belt, and three in the East Harpswell -
Merrymeeting Bay belt.  In his re cent re in ter pre ta tion, (Hussey,
per sonal com mu ni ca tion), the four units within the Fal -
mouth-Bruns wick belt are re moved from the Cush ing For ma -
tion, and be come in de pend ent for ma tions within the
Fal mouth-Bruns wick se quence.  This is the scheme fol lowed in
this pa per, and thus the re nam ing of the unit as the Nehumkeag
Pond Formation.

2. Area of ex po sure.  In the area of this study, rocks of the
Nehumkeag Pond For ma tion are mapped in:  (1) the core of a
north east-plung ing anticline in the south ern and south west ern
part of the Palermo 7.5’ quad ran gle and the ad join ing north west -
ern part of the Razorville 7.5’ quad ran gle;  (2) the core of a dou -
bly plung ing anticline within rocks of the Bea ver Ridge
For ma tion, about 700 me ters to the south east of Dowe Pond, in
the south ern part of the Palermo 7.5’ quad ran gle;  (3)  to the
south east of the main belt of the Bea ver Ridge For ma tion (from
as far in the south west as the bound ary be tween the Razorville
and Palermo 7.5’ quad ran gles to as far in the north east as the cen -
tral part of the Brooks West 7.5’ quad ran gles);  (4)  to the south -
east of the long tongue of the Bea ver Ridge For ma tion ex tend ing
to the south west from the Stantial Bog fault in the cen tral part of
the Brooks West 7.5’ quad ran gle to as far as the north east ern cor -
ner of the Lib erty 7.5’ quad ran gle;  (5) the core of a dou bly
plung ing anticline within rocks of the Bea ver Ridge For ma tion,
about 2 ki lo me ters to the north east of the Stantial Bog fault.  Typ -
i cally, the south east ern mar gin of the Nehumkeag Pond For ma -
tion is at the Hill 806 - Beech Pond faults, to the southeast of
which are rocks of the Casco Bay sequence.

3.  Thick ness.  The lower con tact of the for ma tion is not ex -
posed, and thus a min i mum thick ness of 350 me ters is in ter -
preted from the ex po sures in this area of study.

4. Li thol ogy.  The dom i nant rock type of the Nehumkeag
Pond For ma tion is light gray to slightly buff weath er ing, highly
vari ably bed ded and lam i nated, typ i cally fine- to me -
dium-grained plagioclase-quartz æ bi o tite æ mus co vite granofels,
some with sev eral per cent of very con spic u ous gar net.  In ad di -
tion, there are also pres ent sub or di nate quan ti ties of salt and pep -

per bi o tite-plagioclase-quartz æ hornblende æ mus co vite
granofels, am phi bo lite, calc-silicate granofels, and marble. 

5. Con tacts.  The lower con tact of the Nehumkeag Pond
For ma tion is not ex posed.  The up per con tact is with the Bea ver
Ridge For ma tion (Ob) or, if ei ther the Mar den Hill For ma tion
(Om) or the Parmenter Cem e tery For ma tion (Op) is pres ent, with 
ei ther of them.  These con tacts are gradational, and are de scribed
in the sec tions deal ing with these three formations.

6. Cor re la tion.  The rocks as signed to the Nehumkeag
Pond For ma tion in the area of this study are cor re lated with the
same named rocks to the south west, and are in ter preted to rep re -
sent the low est strati graphic unit within the Fal mouth-Bruns -
wick sequence.

Mar den Hill For ma tion  (Om)

1. Name.  The name Mar den Hill Mem ber of the Cush ing
For ma tion was first used in for mally by Pankiwskyj (1976) for
the thin unit, dom i nantly com posed of mafic meta vol can ic
rocks, which is lo cally pres ent im me di ately be low the
rusty-weath er ing rocks of the unit which in 1976 was re ferred to
as the Bea ver Ridge Mem ber of the Cush ing For ma tion.  The
name is here raised to in de pend ent for ma tion sta tus in line with
the re cent re in ter pre ta tion by Hussey (per sonal com mu ni ca tion)
of the stra tig ra phy in the type area.  The type lo cal ity of the Mar -
den Hill For ma tion is on the west ern and north west ern slopes of
Mar den Hill (not iden ti fied by name on the top o graphic map, but
which can be spot ted by the Carr tri an gu la tion sta tion) in the cen -
tral part of the Palermo 7.5’ quad ran gle.  The type sec tion is
along the Mobil Pipe line di rectly east from Carrs Corner, in the
eastern part of the Palermo 7.5’ quadrangle.

2. Area of ex po sure.  Rocks of the Mar den Hill For ma tion
are found lo cally be low those of the Bea ver Ridge For ma tion
(Ob) and above, or near the very top, of the Nehumkeag Pond
For ma tion (On), in eight ar eas:  south from Deer Hill, in the
north east ern cor ner of the Weeks Mills 7.5’ quad ran gle; about 2
km to the north east from Deer Hill; in five sep a rate lens-shaped
belts within the main belt of the Bea ver Ridge For ma tion, all in
the cen tral part of the Palermo 7.5’ quad ran gle (these five belts
are in ter preted as form ing the cores of tight dou bly plung ing
anticlines); and a small lens near the very top of the Nehumkeag
Pond For ma tion in the west ern part of the Liberty 7.5’
quadrangle.

3. Thick ness.  On the ba sis of the two ar eas of ex po sure of
the Mar den Hill For ma tion where both the lower and the up per
con tacts are ex posed, the thick ness of the for ma tion is es ti mated
at 25 meters.

4. Li thol ogy.   The Mar den Hill For ma tion is dis tin guished
from all other units within the Fal mouth-Bruns wick se quence by 
the dom i nance within it of mafic meta vol can ic rocks.  In ad di tion 
to fine- to me dium-grained dark gray am phi bo lite with rare gar -
net ,  the  for  ma t ion in  c ludes  sa lt  and pep per  bi  o  -
tite-plagioclase-quartz æ hornblende æ gar net granofels,
bi o tite-rich quartz-plagioclase schist with laminae of
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plagioclase-quartz-bi o tite granofels, coarse-grained hornblende 
schist with lenses of coarse mar ble, and mi nor coarse-grained
kyan ite æ staurolite-bear ing bi o tite-quartz-feld spar granofels in
which the kyan ite and staurolite are al most com pletely re placed
with cordierite, sillimanite, and chlorite.

5. Con tacts.  Both con tacts of the Mar den Hill For ma tion,
re spec tively with the Nehumkeag Pond For ma tion (On) be low
and with the Bea ver Ridge For ma tion (Ob) above, are con form -
able and gradational.  The lower con tact is drawn with the in -
crease in dom i nance, down wards in the sec tion, of
plagioclase-quartz-bi o tite-mus co vite granofels, which is the
most com mon rock type of the Nehumkeag Pond For ma tion. 
The up per con tact is drawn with the in crease, up wards in the sec -
tion, of the in ten sity of rusty-weath er ing and a con com i tant de -
crease in the plagioclase:quartz ratio.

6. Cor re la tion.  The Mar den Hill For ma tion is a lo cally de -
vel oped fa cies im me di ately be low the sulfidic rocks of the Bea -
ver Ridge For ma tion.  Else where in the re gion of this study, there 
is found im me di ately be low the Bea ver Ridge For ma tion ei ther
the Parmenter Cem e tery For ma tion (Op) or the Nehumkeag
Pond For ma tion (On).  In south west ern Maine, Hussey (1988)
shows a lith o logic unit which is now the Mount Ara rat For ma -
tion of the Fal mouth-Bruns wick se quence, com posed of
interbedded fel sic and mafic meta vol can ic rocks, in con tact with
and to the south east of the Torrey Hill For ma tion, which is a
rusty-weath er ing unit.  The Mar den Hill For ma tion is tentatively 
correlated with the Mount Ararat Formation.

Parmenter Cem e tery For ma tion  (Op)

1. Name.  The name Parmenter Cem e tery For ma tion is
used here for the first time for the dom i nant calc-sil i cate
granofels and plagioclase-quartz-bi o tite granofels, which are
pres ent lo cally im me di ately be low the rusty-weath er ing rocks of 
the Bea ver Ridge For ma tion.  This unit was first mapped sep a -
rately by Newberg (1985) who in ter preted it as a mar ble unit
(Ocnm) within the Nehumkeag Pond Mem ber of the Cush ing
For ma tion.  The type lo cal ity is im me di ately at Parmenter Cem e -
tery, which is half way be tween Saban Pond and Dowe Pond, in
the south ern part of the Palermo 7.5’ quad ran gle.  The type sec -
tion is di rectly north from Beech Pond, along the side of the main 
dirt road be tween Parmenter Cemetery and Maine Highway 3.

2. Area of ex po sure.  Rocks of the Parmenter Cem e tery
For ma tion are found lo cally be low those of the Bea ver Ridge
For ma tion (Ob) and above those of the Nehumkeag Pond For -
ma tion (On) in three ar eas:  a long belt to the west of Beech Pond
in the south ern part of the Palermo 7.5’ quad ran gle and the north -
ern part of the Razorville 7.5’ quad ran gle; an other belt about 1
km to the west, with an ex po sure near Palermo School; and in a
small anticline within the main belt of the Bea ver Ridge For ma -
tion, about 750 me ters south east from Dowe Pond, also in the
Palermo 7.5’ quadrangle.

3. Thick ness.  On the ba sis of the type sec tion north from
Beech Pond, the thick ness of the Parmenter Cem e tery For ma tion 
is es ti mated at about 25 meters.

4. Li thol ogy.  The Parmenter Cem e tery For ma tion is dis tin -
guished from all other units within the Fal mouth-Bruns wick se -
quence by the dom i nance within it of cal car e ous rock types.  The
most com mon rock is a me dium- to coarse-grained, gray to
punky weath er ing, plagioclase-quartz-bi o tite granofels with
vari able quan ti ties of gar net, cal cite, and calc-sil i cate min er als. 
This  rock is  typ  i  cally mas sively interbedded with
plagioclase-quartz-bi o tite granofels.  Also pres ent are beds of
hornblende schist with lenses of biotitic mar ble, and also mi nor
amounts of medium-grained dark amphibolite.

5. Con tacts.  Both con tacts of the Parmenter Cem e tery For -
ma tion, re spec tively with the Bea ver Ridge For ma tion (Ob)
above and the Nehumkeag Pond For ma tion (On) be low, are con -
form able and gradational.  The lower con tact is drawn, down -
wards in the sec tion, with the in creas ing dom i nance of
plagioclase-quartz-bi o tite-mus co vite granofels, which is the
most com mon rock type of the Nehumkeag Pond For ma tion. 
The up per con tact is drawn, up wards in the sec tion, with the in -
crease in the in ten sity of rusty weath er ing and a con com i tant de -
crease in the plagioclase:quartz ratio.

6. Cor re la tion.  The Parmenter Cem e tery For ma tion is a
lo cally de vel oped fa cies im me di ately be low the sulfidic rocks of
the Bea ver Ridge For ma tion.  Else where in the area of this study,
there is found im me di ately be low the Bea ver Ridge For ma tion
ei ther the Mar den Hill For ma tion (Om) or the Nehumkeag Pond
For ma tion (On).  The Mar den Hill For ma tion is ten ta tively cor -
re lated with the Mount Ara rat For ma tion of the Fal -
mouth-Bruns wick se quence in south west ern Maine, as cur rently 
de fined by Hussey (per sonal com mu ni ca tion).  The Parmenter
Cem e tery For ma tion is also thus stratigraphically correlated
with the Mount Ararat Formation.

Bea ver Ridge For ma tion  (Ob)

1. Name.  The name Bea ver Ridge Mem ber of the Cush ing
For ma tion was first used by Pankiwskyj (1976) for the most
prom i nent and per sis tent belt of rusty-weath er ing rocks within
the unit which at that time was cor re lated with the Cush ing For -
ma tion of the Casco Bay re gion. The name is here raised to in de -
pend ent for ma tion sta tus in line with the re cent re in ter pre ta tion
of the stra tig ra phy in the type area by Hussey (per sonal com mu -
ni ca tion). The type lo cal ity of the Bea ver Ridge For ma tion is the
sum mit area of Bea ver Ridge, in the north ern part of the Lib erty
7.5’ quad ran gle.  The type sec tion is along the paved road be -
tween Hutchins Cor ner and Thurstons Cor ner, about 1.75 km
west from Thurstons Corner, also in the Liberty 7.5’ quadrangle.

2. Area of ex po sure.   The Bea ver Ridge For ma tion forms a 
per sis tent belt, which is only 150 me ters wide in the Weeks Mills
7.5’ quad ran gle (the south west ern part of the study area), wid ens 
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to over 2.5 km in the Brooks West 7.5’ quad ran gle due to fold ing, 
and is again about 150 me ters wide in the Brooks East 7.5’ quad -
ran gle (north east ern part of the study area).  In ad di tion, a long,
but thin, tongue-like belt of rocks of this for ma tion is ex posed in
the trough of a north east-plung ing syncline, ex tend ing from the
Stantial Bog fault in the cen tral part of the Brooks West 7.5’
quad ran gle to as far south west as the north east ern cor ner of the
Lib erty 7.5’ quad ran gle.  Lo cally, rocks of the Bea ver Ridge For -
ma tion are over lain by klippen of the Hutchins Cor ner
Formation along the Hackmatack Pond fault.

3. Thick ness.  On the ba sis of the belts of least width, both
in the Weeks Mills and in the Brooks East 7.5’ quad ran gles, the
thick ness of this for ma tion is es ti mated at about 125 to 150
meters.

4. Li thol ogy.  The Bea ver Ridge For ma tion is dis tin -
guished from all other units within the Fal mouth-Bruns wick se -
quence in the area of this study by the con sis tent
rusty-weath er ing as pect of the rocks.  There are lenses of
rusty-weath er ing rocks within all parts of the oth er wise
gray-weath er ing Nehumkeag Pond For ma tion and Carrs Cor ner
For ma tion, but all con tin u ous ex ten sive sec tions are here in -
cluded into the Bea ver Ridge For ma tion.  The most com mon
rock types range from punky and only weakly rusty-weath er ing
to in tensely rusty-weath er ing, slightly to richly sulfidic and lo -
cally also gra phitic, bi o tite-mus co vite-quartz-plagioclase
granofels, bi o tite-mus co vite-plagioclase-quartz granofels, bi o -
tite-mus co vite æ gar net æ sillimanite schist, and mi nor calc-sil i -
cate granofels.  Typ i cal out crops con sist of both granofels and
schist, but their bed ding re la tion ships and ra tio to one an other
are dif fi cult to as cer tain due to the in ten sity and depth of weath -
er ing.  How ever, beds of both granofels and schist as thin as 3 cm
and as thick as 20 cm have been noted.  Mica-richer part ings, al -
ter nat ing with mica-poorer part ings, are com mon in the
granofels, and as a re sult, the granofels ex hib its a poor qual ity
fissility.  How ever, part ings of prac ti cally pure mica al ter nat ing
with mica-poorer part ings are very com mon in the schist, and,
due to this, the schist ex hib its a very good fissility.  In least
weath ered spec i mens, the granofels is light to me dium gray and
the schist is dark gray.  Lo cally pres ent in the lower part of the
Bea ver Ridge For ma tion, es pe cially near con tacts with the
Parmenter Cem e tery For ma tion (Op), are al ter nat ing beds of
rusty-weath er ing biotitic granofels and green ish calc-sil i cate
granofels.  Near contacts with the Marden Hill Formation (Om)
are locally present beds of rusty-weathering amphibolite and/or
marble.

5. Con tacts.  The up per con tact of the Bea ver Ridge For -
ma tion is with the Carrs Cor ner For ma tion (Occ) and is con form -
able and gradational.  It is the most gradational con tact in the area 
of this study.  Up wards in the sec tion from the Bea ver Ridge For -
ma tion, the in ten sity of rusty-weath er ing of the en tire rock de -
creases through an out crop width of up to 20 me ters; how ever,
rusty-weath er ing along mica-rich part ings per sists for up to 50
me ters.  Through out this tran si tion zone, the rock re mains a very
prom i nently lam i nated bi o tite-rich quartz-plagioclase æ mus co -

vite granofels with rare gar net and/or cal cite and a biotite-poor
quartz-plagioclase granofels.

The lower con tact of the Bea ver Ridge For ma tion is with
ei ther the Parmenter Cem e tery For ma tion (Op), the Mar den Hill
For ma tion (Om), or with the Nehumkeag Pond For ma tion (On),
and is con form able.  Down wards in the sec tion from the Bea ver
Ridge For ma tion, there is a rapid de crease in the amount of sul -
fide min er als, and con se quently in the in ten sity of rusty weath er -
ing; also there is a con com i tant in crease in the plagioclase:quartz 
ra tio.  The re sult ing rock is the typ i cally poorly- to well-lam i -
nated plagioclase-quartz-bi o tite-mus co vite granofels, which is
the dom i nant rock type within the Nehumkeag Pond For ma tion. 
Thin beds of calc-sil i cate granofels, of mar ble, or of am phi bo lite
are lo cally pres ent near the con tact, es pe cially wher ever the un -
der ly ing unit is the Marden Hill Formation or the Parmenter
Cemetery Formation.

6. Cor re la tion.  In the area of this study, the Bea ver Ridge
For ma tion is close to the north west ern mar gin of ex po sure of the
Fal mouth-Bruns wick se quence, that is, close to the Hackmatack
Pond fault.  Sixty ki lo me ters to the south west, in the Bruns wick
area, Hussey (1988) shows a prom i nent rusty-weath er ing lith o -
logic unit, which is now the Torrey Hill For ma tion, in a very sim -
i lar struc tural set ting.  The unit to the north west of the Torrey Hill 
For ma tion, now named the Rich mond Cor ner For ma tion, is in
part very sim i lar to the lam i nated biotitic granofels of the lower
part of the Carrs Cor ner For ma tion, the part im me di ately above
the con tact with the Bea ver Ridge For ma tion in the area of this
study.  The unit to the south east of the Torrey Hill For ma tion,
now named the Mount Ara rat For ma tion, con tains prom i nent
beds of am phi bo lite and thus has some sim i lar ity with the Mar -
den Hill For ma tion in the study area.  On ac count of the sim i lar -
ity be tween these two cross sec tions, the Beaver Ridge
Formation is correlated with the Torrey Hill Formation. 

Carrs Cor ner For ma tion (Occ), in clud ing the Sandy Pond
Mem ber  (Occs)

1. Name.  The name Carrs Cor ner For ma tion is used here
for the first time, for the dom i nantly biotitic fel sic meta vol can ic
rocks within the Fal mouth-Bruns wick se quence which are to the
west of, and in ter preted as be ing stratigraphically above, the
Bea ver Ridge For ma tion (Ob).  Ear lier, Pankiwskyj (1976) had
cor re lated these rocks with the Cush ing For ma tion.  In ad di tion,
the name Sandy Pond Mem ber of the Cush ing For ma tion was
used for the nu mer ous lenses which con tain sig nif i cant quan ti -
ties of very dis tinc tive rock types in ad di tion to those typ i cal of
the for ma tion as a whole, such rocks as coarse-grained granofels
with rel ict kyan ite æ staurolite, gar net-rich am phi bo lite,
hornblende schist, and mar ble.  How ever, in line with re cent re -
in ter pre ta tions by Hussey (per sonal com mu ni ca tion) of the stra -
tig ra phy to the south west, all rock units within the
Fal mouth-Bruns wick se quence are re moved from the Cush ing
For ma tion and raised to in de pend ent for ma tion sta tus.  Thus in

Hackmatack Pond fault, Kennebec and Waldo Counties, Maine

7



the area of this study, these rocks are now as signed the new name
Carrs Cor ner For ma tion (Occ) and those orig i nally as signed to
the Sandy Pond Mem ber of the Cushing Formation are now the
Sandy Pond Member of the Carrs Corner Formation (Occs).

The type lo ca tion of the Carrs Cor ner For ma tion is in the
im me di ate vi cin ity of Carrs Cor ner in the east ern part of the
Palermo 7.5’ quad ran gle and that of the Sandy Pond Mem ber is
at the tip of the prom i nent long pen in sula jut ting into Sandy Pond 
from the south west, in the south ern part of the Unity 7.5’ quad -
ran gle.  The type sec tion for both, how ever, is along both sides of 
the dirt road, not shown on the top o graphic map, which goes off
to the north west from the main Palermo - North Palermo road,
start ing about 250 me ters south west of Carrs Cor ner, in the cen -
tral part of the Palermo 7.5’ quad ran gle.  This sec tion has been
de scribed in sev eral field guides:  Pankiwskyj (1978, p. 8, Stop
#11) or Osberg and Berry (1991, p. 372, Stop #11).

2. Area of ex po sure.  The Carrs Cor ner For ma tion is the
youn gest unit of the Fal mouth-Bruns wick se quence and forms a
per sis tent belt along the north west ern mar gin of this se quence,
from the very south west ern limit of the study area be tween
Wind sor and Wind sor Sta tion in the cen tral part of the Weeks
Mills 7.5’ quad ran gle to just north east of Jack son Cor ners in the
north east ern part of the Brooks West 7.5’ quad ran gle.  Far ther to
the north east the Carrs Cor ner For ma tion is cut out by the
Hackmatack Pond fault.

The dis tinct lenses which are mapped out as the Sandy
Pond Mem ber range from as small as a sin gle out crop up to 700
me ters by 100 me ters.  Fif teen such lenses are shown, from the
north east ern part of the Weeks Mills 7.5’ quad ran gle to the
south east ern part of the Unity 7.5’ quad ran gle.  The strati graphic
po si tion of the lenses ranges from im me di ately above the Bea ver 
Ridge For ma tion to sev eral hun dred me ters above this contact.  

3. Thick ness.  Only a min i mum es ti mate of thick ness of the 
Carrs Cor ner For ma tion is pos si ble be cause its up per con tact is
cut off by the Hackmatack Pond fault.  A min i mum thick ness is
es ti mated at 250 me ters to 300 me ters. The width of the in di vid -
ual lenses of the Sandy Pond Mem ber is as much as 100 me ters. 
Tak ing into ac count the thick en ing of the sec tion due to fold ing,
the thick ness of the lenses is estimated as up to 50 meters. 

4. Li thol ogy.  The dom i nant rock type within the un dif fer -
en ti ated part of the Carrs Cor ner For ma tion (Occ) is quite sim i lar 
to that which com prises the bulk of the Nehumkeag Pond For ma -
tion (On), which is also part of the Fal mouth-Bruns wick se -
quence, and also to that which dom i nates the Cush ing For ma tion 
(Oc), which is part of the Casco Bay se quence.  This rock type is
light gray to slightly buff weath er ing, highly vari ably bed ded
and lam i  nated ,  typ i  cal ly f ine-  to  me dium-grained
plagioclase-quartz æ bi o tite æ mus co vite æ gar net granofels.  Pres -
ent also are sub or di nate quan ti ties of:  am phi bo lite with or with -
out gar net; salt and pep per bi o tite-plagioclase-quartz æ
hornblende æ mus co vite granofels; very pale green calc-sil i cate
granofels form ing thick beds or interbedded with pur plish-gray
biotitic granofels; and mar ble.  What dis tin guishes the Carrs
Cor ner For ma tion from the Nehumkeag Pond For ma tion and the

Cush ing For ma tion is the pres ence of a very prom i nently lam i -
nated bi o tite-rich quartz-plagioclase æ mus co vite granofels with
rare gar net and/or cal cite and a bi o tite-poor quartz-plagioclase
granofels.  This lam i nated rock re sem bles sim i lar ones mapped
in the Hutchins Cor ner For ma tion, and Newberg (1985), work -
ing in this very area, in cluded them in the Hutchins Cor ner For -
ma tion.  How ever, I as sign them to the Carrs Cor ner For ma tion
for two rea sons:  (1) their pres ence within the very gradational
con tact with the Bea ver Ridge For ma tion (Note that Newberg
con sid ered the Bea ver Ridge rusty lithologies as part of the
Hutchins Cor ner For ma tion);  and (2) the in ti mate as so ci a tion of
the above-noted strongly lam i nated rocks with lenses con tain ing 
rock types mapped out as the Sandy Pond Mem ber of the Carrs
Corner Formation.  This writer has not seen such types of rocks
anywhere within the Hutchins Corner Formation.

The Sandy Pond Mem ber (Occs) is dis tin guished from the
main un dif fer en ti ated part of the Carrs Cor ner For ma tion (Occ)
by the dom i nat ing pres ence of sev eral rock types other than
plagioclase-quartz-bi o tite-mus co vite granofels.  The most de -
fin i tive spe cial rock type is gray to buff weath er ing, light gray
where fresh, typ i cally coarse-grained quartz-plagioclase-bi o tite
æ gar net granofels or schist with rel ict kyan ite æ staurolite, which
are in part to com pletely re placed by cor di er ite, sillimanite, and
chlorite.  This rock type is pres ent in mas sive beds up to 10 me -
ters thick.  Also mapped within the Sandy Pond Mem ber are: 
gray, coarse-grained plagioclase-rich am phi bo lite com posed of
hornblende-gar net-bi o tite æ grunerite; me dium-grained
hornblende-rich am phi bo lite; and coarse-grained hornblende
schist con tain ing lenses of coarse-grained mar ble with mi nor bi -
o tite æ hornblende.  In be tween out crops of the above-noted spe -
cial rock types are com monly also found types of granofels
typ i cal of the main un dif fer en ti ated part of the for ma tion.  Both
mas sive as well as thinly lam i nated beds are pres ent, and in some
are found up to sev eral per cent of cal cite and/or a few per cent of
calc-sil i cate min er als.  Within the Hackmatack Pond fault it self,
and no where else, there is commonly found a very dense,
well-foliated quartzite with up to 20% magnetite.

5. Con tacts.  The up per con tact of the Carrs Cor ner For ma -
tion is not ex posed in the area of this study due to the pres ence of
the Hackmatack Pond fault, which sep a rates the Fal -
mouth-Bruns wick se quence to the south east from the
Kearsarge-cen tral Maine se quence to the northwest.

The lower con tact of the Carrs Cor ner For ma tion is with
the Bea ver Ridge For ma tion and is the most gradational con tact
mapped in the en tire area.  Even though this con tact is de scribed
in the sec tion on the Bea ver Ridge For ma tion, it is con sid ered to
be of suf fi cient im por tance for the de scrip tion to be given here as 
well.  Up wards in the sec tion from the Bea ver Ridge For ma tion,
the in ten sity of rusty-weath er ing of the en tire rock de creases
through an out crop width of up to 20 me ters; how ever,
rusty-weath er ing along mica-rich part ings per sists for up to 50
me ters.  Through out this tran si tion zone, the rock is in vari ably
the very prom i nently lam i nated bi o tite-rich granofels and bi o -
tite-poor granofels noted in the section on lithology. 

K. A. Pankiwskyj

8



The con tacts of the Sandy Pond Mem ber are gradational
with both the Bea ver Ridge For ma tion (Ob) and with the main
un dif fer en ti ated part of the Carrs Cor ner For ma tion (Occ). 
There is no one par tic u lar rock type of the Sandy Pond Mem ber
which forms the mar gin of the member.

6. Cor re la tion.  The Carrs Cor ner For ma tion is cor re lated
with the Rich mond Cor ner For ma tion as cur rently in ter preted by 
Hussey (per sonal com mu ni ca tion).  Aid ing this cor re la tion is
Hussey’s (1985) de scrip tion of this unit, at that time re ferred to
as the Rich mond Cor ner Mem ber of the Cush ing For ma tion, as a
“het er o ge neous as so ci a tion of mostly metasedimentary rocks
in clud ing:  1) me dium gray quartz-plagioclase-bi o tite-gar net
granulose schist (the pre dom i nant li thol ogy); . . .  which closely
re sem bles the high grade Vassalboro rocks ex posed to the west.”  
Note here that since the time of that writ ing, the name Hutchins
Cor ner has re placed the name Vassalboro.  The above-quoted
ob ser va tion of Hussey is prac ti cally iden ti cal to my de scrip tion
of the strongly lam i nated rocks mapped in the lower part of the
Carrs Cor ner For ma tion, immediately above the contact with the
Beaver Ridge Formation.

Rocks of the Sandy Pond Mem ber con sti tute a com plex
depositional fa cies of volcanogenic as well as non-volcanogenic
clastic ma te rial, the lat ter in clud ing both or ganic and in or ganic
de tri tus.  The phys i cal sep a ra tion of the lenses of this mem ber
im plies the ex is tence of lo cal en vi ron ments, each of short du ra -
tion, but re cur ring over a large area for a pro longed time.  Thus
there is no im plied time cor re la tion among the var i ous lenses. 
Con di tions which were nec es sary for the de po si tion of these
rocks were most com mon af ter the de po si tion of the pri mar ily
de tri tal rocks of the Bea ver Ridge For ma tion.  How ever, kyan ite
æ staurolite-bear ing granofels, the most dis tinc tive spe cial rock
type in the Sandy Pond Mem ber, is also lo cally de vel oped within
the Mar den Hill For ma tion, which is im me di ately be low the
Bea ver Ridge For ma tion.  In ad di tion, scat tered  in di vid ual out -
crops of any of the spe cial rock types of the Sandy Pond Mem ber
are also found within the Nehumkeag Pond For ma tion and also
within the main un dif fer en ti ated part of the Cush ing For ma tion
in the area of this study.  Sim i larly, Hussey (1988) notes
sillimanite æ staurolite-bear ing feldspathic gneiss es within the
Yarmouth Is land Mem ber of the Cush ing For ma tion and also
mas sive hornblende schist with lenses of mar ble in the Peaks Is -
land Member of the Cushing Formation.  Thus no chronological
correlation among these lenses is ever implied.

KEARSARGE - CENTRAL  MAINE  SEQUENCE

Gen eral State ment

In the area of this study, the Kearsarge-cen tral Maine se -
quence is rep re sented by only one for ma tion, the Hutchins Cor -
ner For ma tion, which is mapped as the un dif fer en ti ated part
(SOh) and the Wind sor Neck Hill Mem ber (SOhw).

Hutchins Cor ner For ma tion (SOh), and in clud ing the
Wind sor Neck Hill Mem ber (SOhw)  

1. Name.  The name Hutchins Cor ner For ma tion was first
used by Osberg (1988) for rocks un der ly ing the Waterville For -
ma tion, and re plac ing the orig i nal name of Vassalboro For ma -
tion.  This last name had gone through a num ber of changes of
mean ing and con tin u a tion of its us age was caus ing con fu sion. 
Perkins and Smith (1925) first used the name Vassalboro Sand -
stone for the mas sive bed ded blu ish graywacke crop ping out be -
tween the Kennebec River and China Lake in south-cen tral
Maine.  Fisher (1941) amended this name to the Vassalboro For -
ma tion due to the pres ence of nu mer ous interbeds of ar gil la ceous 
rocks.  Barker (1961) con curred with this re def i ni tion, as did
Osberg (1968), who de scribed in de tail the rock types en coun -
tered at dif fer ent meta mor phic grades.  At that time, rocks of the
Vassalboro For ma tion were mapped as over ly ing those of the
Waterville For ma tion, and were assigned a Devonian or Silurian
age.

Ex ten sive map ping in the 1970s pri mar ily by Ludman and
by Grif fin, much of it sum ma rized in Pankiwskyj and oth ers
(1976),  and then in the early 1980s by Newberg (1984, 1985) led 
Osberg (1988) to con clude that the rocks mapped within the
Vassalboro For ma tion could be cor re lated in part with those of
the Sangerville For ma tion, the Waterville For ma tion, and of the
May flower Hill For ma tion, thus in clud ing rocks older than the
Waterville For ma tion.  It was then de cided to aban don this name.  
To re place it, the name Hutchins Cor ner For ma tion was as signed
to the belt of dom i nant metagraywacke and mi nor metapelite ly -
ing to the south east of the main belt of the Waterville For ma tion
at its type lo cal ity in Waterville.  This is the definition used in this 
study.

In ad di tion to the prin ci pal part of the Hutchins Cor ner For -
ma tion (SOh) which is com posed of gray weath er ing rocks, a
rusty weath er ing unit, the Wind sor Neck Hill Mem ber (SOhw),
is sep a rated out in this study.  This name is be ing used here for the 
first time.  Prior to this re port, rusty-weath er ing se quences
within the Hutchins Cor ner For ma tion had been re ferred to as
un named rusty weath er ing mem bers.  The type lo cal ity is at
Wind sor Neck Hill in the north ern part of the Weeks Mills 7.5’
quad ran gle.  The type sec tion is about 500 me ters east of
Palermo, in the Palermo 7.5’ quad ran gle, along the main road
from Palermo to North Palermo.

2. Area of ex po sure.  In the area of this study, the Hutchins
Cor ner For ma tion pri mar ily un der lies the re gion to the north -
west of the Hackmatack Pond fault ex tend ing from near Wind -
sor, in the cen tral part of the Weeks Mills 7.5’ quad ran gle, to near 
Jack son, in the Brooks East 7.5’ quad ran gle.  Rocks of the Fal -
mouth-Bruns wick se quence are pres ent ev ery where to the
south east of this main tract of the Hackmatack Pond fault.  Four
other ex po sures of the Hutchins Cor ner For ma tion are mapped
as klippen on top of the Bea ver Ridge For ma tion of the Fal -
mouth-Bruns wick se quence.  The floors of all these klippen are
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con sid ered to be the folded surface of the Hackmatack Pond
fault.

3. Thick ness.  No ac cu rate es ti mate of the to tal thick ness of 
the Hutchins Cor ner For ma tion can be made on the ba sis of the
cur rent study.  The up per con tact of the for ma tion, with the
Waterville For ma tion, is mapped by Newberg (1985) as close as
2 km to the north west of the Hackmatack Pond fault in the vi cin -
ity of Palermo, but as far as 3 km in the vi cin ity of North
Palermo.  In this same stretch, the dis tance from the Wind sor
Neck Hill Mem ber (SOhw) to the Hackmatack Pond fault also
in creases, from .5 km near Palermo to over 1 km near North
Palermo.  More over, near Wind sor, in the Weeks Mills 7.5’ quad -
ran gle, this par tic u lar dis tance is only 150 me ters.  Also the dis -
tance from the Wind sor Neck Hill Mem ber to the base of the
Waterville For ma tion in creases from south west to north east. 
Thus the en tire width of the Hutchins Cor ner For ma tion in -
creases to the north east, in part be cause of rep e ti tion due to
folding, but also due to faulting.

Osberg (1988) gives an es ti mate of 540 me ters of to tal ex -
posed sec tion, af ter tak ing into con sid er ation the na ture of the
fold ing.  I agree with this es ti mate.  The thick ness of the Wind sor
Neck Hill Mem ber is es ti mated at about 75 me ters, based on the
width of the belt near Palermo.

4. Li thol ogy.  The Hutchins Cor ner For ma tion, as es tab -
lished in the area of this study, is com posed of the prin ci pal part
(SOh) and the Wind sor Neck Hill Mem ber (SOhw).  The prin ci -
pal part (SOh) is rep re sented by gray to slightly rusty weath er -
ing, light gray where fresh, highly vari ably bed ded, mod er ately
cal car e ous to non-cal car e ous quartz-plagioclase-bi o tite æ mus -
co vite granofels; interbedded with typ i cally far less abun dant
thin sets of me dium gray quartz-plagioclase-bi o tite-mus co vite
granulose schist interlaminated with dark gray bi o -
tite-quartz-mus co vite-plagioclase æ gar net æ sillimanite schist. 
This rep re sents dom i nant cal car e ous graywacke metasandstone
with sub or di nate interlaminated metasiltstone and metashale. 
The metasandstone is found in beds from 5 cm to 1 me ter thick,
but with poorly de fined up per and lower mar gins.  Within the
beds are found al ter nat ing laminae of bi o tite-richer and bi o -
tite-poorer granofels, giv ing the rock a pinstriped ap pear ance. 
The laminae range from plane and par al lel, ex cept where they
con verge at quartz boudins, to in tri cately drag folded or ir reg u -
larly con vo luted.  The thick ness of each such lamina ranges from 
about 1 mm up to sev eral cen ti me ters.  The lighter col ored, bi o -
tite-poorer laminae tend to be thicker that the darker ones. 
Wher ever laminae thicker than about 1 cm each are en coun tered, 
the lighter col ored ones com monly, but not in vari ably, con tain
some cal cite and/or some actinolite.  As so ci ated with the
metasandstone just de scribed, there are pres ent beds from 1 cm
to sev eral cen ti me ters thick, of interbedded metasiltstone and
metapelite.  The metasiltstone it self is typ i cally com posed of al -
ter nat ing lighter and darker col ored laminae, the lat ter more con -
spic u ously bi o tite-rich than the darker col ored laminae in the
metasandstone.  The metapelite, on the other hand, is com monly
found in ho mo ge neous layers as thick as several centimeters and

is very dark gray in color and contains numerous megacrysts of
biotite.

Sul fide-bear ing, rusty-weath er ing rocks are pres ent within
the Hutchins Cor ner For ma tion and pos si bly rep re sent more
than one strati graphic ho ri zon.  In this study, only one such is
mapped out and, due to its con ti nu ity, is as signed the sta tus of the
Wind sor Neck Hill Mem ber (SOhw).  Iden ti fi ca tion of dif fer ent
rock types in this mem ber is much more dif fi cult than in the gray
weath er ing prin ci pal part, but both granofels and schist are pres -
ent.  Thin laminae are pres ent in the granofels, but they are less
ap par ent than those in the prin ci pal part.  Also the
quartz:plagioclase ra tio is some what higher in the Wind sor Neck 
Hill Member than in the principal part.

5. Con tacts.  In the area of this study, the lower con tact of
the Hutchins Cor ner For ma tion is not ex posed, due to the
Hackmatack Pond fault.  The up per con tact with the Waterville
For ma tion is to the north west of the limit of the study area.  In ter -
nally, both con tacts of the Wind sor Neck Hill Mem ber with
rocks of the prin ci pal part are gradational over a dis tance of as
lit tle as 5 cm to as much as 1 meter.

6. Cor re la tion.  The Hutchins Cor ner For ma tion is con sid -
ered to rep re sent the old est rocks on the south east ern flank of the
Kearsarge-cen tral Maine synclinorium.  To the south east, and
sep a rated from the Hutchins Cor ner For ma tion by the
Hackmatack Pond fault, are older rocks be long ing to the Fal -
mouth-Bruns wick se quence.  Thus the Hutchins Cor ner For ma -
tion is pos si bly equiv a lent to rocks as young as the Rangeley
For ma tion or as old as the Quimby For ma tion of the north west -
ern flank of the Kearsarge-cen tral Maine synclinorium, and their 
age is con sid ered as late Or do vi cian to ear li est Si lu rian.  The
Hutchins Cor ner For ma tion also re sem bles quite closely the
Flume Ridge For ma tion of eastern Maine, and is tentatively
correlated with it.

STRUCTURE

Gen eral State ment

Nine faults are mapped out in the area of this study.  Listed
be low, in in ter preted or der of de creas ing age, these are:

1.   Hackmatack Pond fault, a shal lowly northwestward
dip ping thrust, which forms the con tact be tween the
Kearsarge-cen tral Maine se quence to the north west and the Fal -
mouth-Bruns wick se quence to the south east;

2.   Bea ver Ridge fault, to the south east and subparallel to
the Hackmatack Pond fault, and pos si bly re lated to it; map ping
out en tirely within the Fal mouth-Bruns wick se quence; 

3.   Saban Pond fault, also map ping out en tirely within the
Fal mouth-Bruns wick se quence, but youn ger than the
Hackmatack Pond fault, be cause it sets off the trace of that fault;

4.   Meadow Brook fault, pos si bly a thrust, which forms the
con tact be tween the Fal mouth-Bruns wick se quence to the north -
west and the Casco Bay se quence to the south east; 
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5.   Hill 806 fault, pos si bly the north west ern-most splay of
the Norumbega fault sys tem; post dates the time of Aca dian
meta mor phism;

6.   Beech Pond fault, pos si bly a con tin u a tion to the south -
west of the Hill 806 fault; 

7.   Knox Ridge fault,      8.   Stantial Bog fault, and      9.  
Jack son Cor ners fault form a trip let of N80W-S80E-trending
faults which off set all strati graphic con tacts that they cross and
also the trace of the Hill 806 fault; pos si bly out lin ing a graben.

Hackmatack Pond Fault

1. Name.   The name Hackmatack Pond fault was first used
by Pankiwskyj (1976) to de scribe the na ture of the con tact be -
tween the dom i nantly cal car e ous metasedimentary rocks of what 
is now named the Hutchins Cor ner For ma tion (which is part of
the Kearsarge-cen tral Maine lithotectonic se quence) and the
dom i nantly clastic meta vol can ic rocks of what is now named the
Carrs Cor ner For ma tion (which is part of the Fal mouth-Bruns -
wick se quence).  At the time of the orig i nal def i ni tion, these two
for ma tions were re spec tively the Vassalboro For ma tion and the
Cush ing For ma tion.  The best ex po sures of rocks across this con -
tact were first noted about 450 me ters to the south west from
Hackmatack Pond, in the south west ern part of the Palermo 7.5’
quadrangle.  This is the type section.

2. Area of ex pres sion of the Hackmatack Pond fault and
the rocks ex posed in the fault con tact zone.  In the area of this
study, the main trace of the Hackmatack Pond fault ex tends from
Greeley Road, im me di ately south of Wind sor Neck Hill Cem e -
tery in the cen tral part of the Weeks Mills 7.5’ quad ran gle, to as
far to the north east as the bridge across Sandy Stream in Free dom 
Vil lage in the south ern part of the Unity 7.5’ quad ran gle.  To the
north east from there, the trace of the fault is off set to the right by
the Knox Ridge fault, and far ther to the north east it is off set to the 
left by the Jack son Cor ners fault.  Through out this en tire span,
typ i cal rocks of the Hutchins Cor ner For ma tion (SOh) or
(SOhw) are mapped to within 5 me ters of rocks of ei ther the
Sandy Pond Mem ber (Occs) or of the main un dif fer en ti ated part
of the Carrs Cor ner For ma tion (Occ).  How ever, within the 5 me -
ter zone just noted, there are found at sev eral lo cal i ties one or
more of the fol low ing rock types:  coarse-grained gar net am phi -
bo lite, fo li ated quartz ite with up to 20% mag ne tite, quartz
granofels com posed of al ter nat ing .5 mm - 1 mm thick bi o -
tite-rich laminae and 1 mm - 2 mm thick bi o tite-lack ing laminae.  
All of these rock types com monly show tight con vo luted folds
with shal low plunges and abundant quartz veins which are
sheared out to form small lenses.

To the north east of the Jack son Cor ners fault, the belt of the
Carrs Cor ner For ma tion (Occ) which is in con tact with the
Hackmatack Pond fault thins, and the last ex po sure is on Route
#7, just north of Jack son Cor ners.  Ev ery where else in the study
area, the Hackmatack Pond fault is drawn be tween rocks of the
Hutchins Cor ner For ma tion and the Bea ver Ridge For ma tion
(Ob).  This in cludes the two klippen to the south west of the Knox 

Ridge fault, the small klippe be tween the Stantial Bog fault and
the Jack son Cor ners fault, and also the syncline-shaped klippe
open ing to the north east, with rocks of the Hutchins Cor ner For -
ma tion in its trough (and whose axis is off set to the left by the
Jack son Cor ners fault).  None of the three rock types noted at the
end of the pre ced ing para graph have been found within the zone
of the Hackmatack Pond fault where the Bea ver Ridge For ma -
tion is in con tact with the fault.  In stead, what is most com monly
seen is:  slightly- to strongly-rusty weath er ing bi o tite-mus co vite
æ gar net schist and quartz-bi o tite-mus co vite granofels, both with
a prom i nent fo li a tion ex pressed by un du lat ing large grains of
mica.  This mica fo li a tion it self is com monly tightly folded.  In
the north west ern part of the Brooks East 7.5’ quad ran gle, good
ex po sures of this can be seen in Great Farm Brook, southwest of
Jackson Village.

On the other hand, the con tact seen in the North Branch of
Marsh Stream about 2.5 km east of Jack son Vil lage, be tween the
Hutchins Cor ner For ma tion and rocks mapped as the Bea ver
Ridge For ma tion, shows nei ther shear ing nor tight fold ing of an
older fo li a tion.  It is pos si ble that the rusty-weath er ing rocks
seen at this lo cal ity are of the Hutchins Cor ner For ma tion, per -
haps of the Wind sor Neck Hill Mem ber (SOhw) and not of the
Beaver Ridge Formation.

3. Geo phys i cal ev i dence for the Hackmatack Pond fault.
Stew art and oth ers (1991) de scribe a strong seis mic re flec tor
which orig i nates at the mapped trace of the Hackmatack Pond
fault and which in the seis mic pro file is seen dip ping to the north -
west at about 25o to depths of about 10 km.  This can be in ter -
pre ted as a  south  east  ward-di rected thrust  of  the
Kearsarge-cen tral Maine se quence over the Fal mouth-Bruns -
wick se quence; or con versely, a par tial subduction of the Fal -
mouth-Bruns wick se quence to the north west and un der the
Kearsarge-cen tral Maine se quence.  Most of the re main ing parts
of the field area have not been the sub ject of geo phys i cal stud ies
and, there fore, there is no geo phys i cal expression of any of the
other faults.

4. Ex trap o la tion and cor re la tion.  In agree ment with me,
Hussey (1988) con sid ers that the con tact be tween the
Kearsarge-cen tral Maine se quence and the Fal mouth-Bruns -
wick se quence is a ma jor fault.  He shows such a fault in south -
west ern Maine and cor re lates it with the Hackmatack Pond fault.  
Ap par ently, how ever, the fault zone is not ex posed in out crop in
his area of study.  The fault is shown ex tend ing as far to the
south west as the es tu ary of Presumpscot River north of Port land.  
There it is shown trun cated by the Fly ing Point fault, which is
con sid ered one of the splays of the Norumbega fault system.

The far thest to the north east that I have ten ta tively traced
the Hackmatack Pond fault is the south east ern part of the East
Dixmont 7.5’ quad ran gle.  Re con nais sance map ping in the ad -
join ing Snow Moun tain 7.5’ quad ran gle sug gests that the
Hackmatack Pond fault is trun cated in this re gion by the Hill 806
fault, which is one of the splays of the Norumbega fault sys tem,
pos si bly the north west ern-most one.  In the sec tion on the Hill
806 fault in this pa per, I spec u late on the cor re la tion of the Hill
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806 fault and the Fly ing Point fault.  Wones (1991) maps a
Norumbega sys tem fault in the south west ern quad rant of the
Bucksport 15’ quad ran gle, in the very area where I extend the
Hill 806 fault.

Bea ver Ridge Fault

1. Name.  The name Bea ver Ridge fault is used here for the
first time.  It is de rived from a hill of that name in the north ern
part of the Lib erty 7.5’ quad ran gle.  The type sec tion is in the
very north ern part of this quad ran gle, in the steep south-fac ing
cliffs about 300 me ters north east of the word “Ridge” in the
name Bea ver Ridge on the top o graphic map.

2. Area of ex pres sion of the Bea ver Ridge fault and the
rocks ex posed in the fault con tact zone.  The Bea ver Ridge fault
is drawn from near the top o graphic sum mit of Bea ver Ridge in
the north west ern part of the Lib erty 7.5’ quad ran gle to about 1
km north west of Knox Cor ner in the south east ern part of the
Unity 7.5’ quad ran gle, a dis tance of about 8 ki lo me ters.  The type 
sec tion, noted above, is the only lo ca tion seen so far with good
ex po sures across the fault con tact zone.  From south east to
north west are found: plagioclase-quartz-bi o tite-mus co vite
granofels as signed to the main un dif fer en ti ated part of the Carrs
Cor ner For ma tion (Occ), fol lowed by 40 me ters of sulfidic
quartzose granofels as signed to the Bea ver Ridge For ma tion
(Ob), then sev eral me ters of rusty-stained quartz vein, fol lowed
by sev eral me ters of rusty-weath er ing plagioclase-quartz
granofels, fol lowed by a sec tion of gray-weath er ing
plagioclase-quartz-bi o tite granofels which is as signed to the
main un dif fer en ti ated part of the Carrs Cor ner For ma tion (Occ). 
The fault is drawn through the section composed of quartz vein. 

The Bea ver Ridge fault is ten ta tively in ter preted as a thrust, 
per haps par al lel to and with the same move ment sense as the
Hackmatack Pond fault, whose trace is only 300 me ters to the
north west.  In part, the Bea ver Ridge fault shears off the north -
west ern limb of what oth er wise would be an anticline with the
Bea ver Ridge For ma tion in the core and the Carrs Cor ner For ma -
tion on the flanks.  This fault is a lo cal fea ture which does not
cor re late with other structures.

Saban Pond Fault

1. Name.  The name Saban Pond fault is used here for the
first time.  It is de rived from a pond of that name in the south ern
part of the Palermo 7.5’ quad ran gle, west from Le ver Hill.  The
type sec tion is at 530’ el e va tion in the bed of the un named brook,
shown merely as a gully on the top o graphic map, about 250 me -
ters north west of Saban Pond.

2. Area of ex pres sion of the Saban Pond fault and the
rocks ex posed in the fault con tact zone.  The Saban Pond fault is 
drawn en tirely within the Palermo 7.5’ quad ran gle, for a min i -
mum length of about 3 ki lo me ters.  On the ba sis of the ap par ent
off sets of the lith o logic con tact be tween the Bea ver Ridge For -
ma tion (Ob) and the Nehumkeag Pond For ma tion (On) and also

the off set of the trace of the Hackmatack Pond fault, the Saban
Pond fault is in ter preted as a left-lat eral strike-slip fault.  In the
type sec tion noted above, the Bea ver Ridge  For ma tion (Ob) to
the north west is sep a rated from the Nehumkeag Pond For ma tion
(On) to the south east by a four me ter thick sec tion com posed of
roughly equal vol umes of sulfidic, mod er ately rusty-weath er ing
bi o tite-mus co vite-quartz-plagioclase schist and of 1 mm to 1 cm
thick lenses of pure vein quartz.  About 1 1/4 km north east of this
type sec tion, at 650’ el e va tion on top of a small rise west from
Bowler Pond, a sim i lar sec tion of rusty schist in jected with vein
quartz is en coun tered be tween the Hutchins Cor ner For ma tion
(SOh) to the north west and the Bea ver Ridge For ma tion (Ob) to
the south east.  This fault is a local feature which does not
correlate with other structures. 

Meadow Brook Fault

1. Name.  The name Meadow Brook fault is used here for
the first time.  The name is taken from a brook of that name in the
east ern part of the Brooks West 7.5’ quad ran gle.  There are no
known ex po sures of this fault and, there fore, no type sec tion.

2. Area of ex pres sion of the Meadow Brook fault and the
rocks ex posed near the fault zone.  The trace of the Meadow
Brook fault is drawn with con fi dence from its south west ern ter -
mi nus, where it is cut off by the Stantial Bog fault, to where it is
off set by the Jack son Cor ners fault in the north east.  This stretch
is en tirely within the Brooks West 7.5’ quad ran gle.  The ex is -
tence of the fault to the north east of the Jack son Cor ners fault is
speculative. 

The clos est that the fault zone has been ex am ined is near
the top of the near 600’-el e va tion hill, which is about .5 km to the
south east from Stantial Bog, in the cen tral part of the Brooks
West 7.5’ quad ran gle.  In this lo ca tion, a shal low 12 me ter wide
gully, par al lel to re gional strike, sep a rates rusty-weath er ing
granofels and schist as signed to the Bea ver Ridge For ma tion
(Ob) of the Fal mouth-Bruns wick se quence to the north west
from interbedded gray-weath er ing granofels and mica-rich
schist as signed to the Cape Eliz a beth For ma tion (Oce) of the
Casco Bay se quence to the south east.  The Meadow Brook fault
is not drawn through this gully be cause of any ev i dence of fault -
ing, but be cause the con tact be tween these two units is not ex -
pected to be con form able on the ba sis of regional interpretations
of stratigraphy.

Im me di ately to the south west of the Stantial Bog fault, the
con tact be tween rocks of the Fal mouth-Bruns wick se quence and 
rocks of the Casco Bay se quence is at the Hill 806 fault, which I
con sider to be one of the splays of the Norumbega sys tem.  Far -
ther to the south west the con tact is along the Beech Pond fault of
Newberg (1985), which I have not seen ex posed.  Ten ta tively,
how ever, the Beech Pond fault is cor re lated with the Hill 806
fault.  Yet far ther to the south west, in the Casco Bay area, the two
se quences are sep a rated by the Fly ing Point fault, which ap pears
to be a splay of the Norumbega sys tem.  The im por tance of the
Meadow Brook fault is that it is the old est fault yet mapped
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which sep a rates the Fal mouth-Bruns wick se quence from the
Casco Bay se quence.  Pos si bly it is the prin ci pal fault, per haps a
thrust, which ex presses the dock ing of two sep a rate ter ranes, the
terrane rep re sented by the Fal mouth-Bruns wick se quence to the
north west and the terrane rep re sented by the Casco Bay
(Avalonian?) sequence to the southeast.

Hill 806 Fault 

1. Name.  The name Hill 806 fault is used here for the first
time.  It is de rived from a hill, un named on the 1983 pro vi sional
edi tion of the top o graphic map of the Brooks West 7.5’ quad ran -
gle, which is marked with the sym bol 806 T.  This lo ca tion is in
the cen tral part of the quad ran gle, about 1 km east from Stantial
Bog.  The type sec tion is in the very east ern part of this quad ran -
gle, along the crest of a ridge which ex tends from Styles Cem e -
tery in the south to Hill 765 T in the north.

2. Area of ex pres sion of the Hill 806 fault and the rocks
ex posed in the fault con tact zone.  North of the Stantial Bog
fault, in the Brooks West 7.5’ quad ran gle, the Hill 806 fault sep a -
rates a thin sliver of the Cape Eliz a beth For ma tion (Oce) to the
north west from the Cush ing For ma tion (Oc) to the south east. 
Both of these for ma tions are in the Casco Bay se quence.  South
of the Stantial Bog fault, the Hill 806 fault is drawn be tween the
Nehumkeag Pond For ma tion (On) of the Fal mouth-Bruns wick
se quence to the north west and the Cush ing For ma tion (Oc) of
the Casco Bay se quence to the south east.  These two for ma tions
are com posed of rock types very sim i lar to one an other, thus the
trac ing of the Hill 806 fault in be tween them is very much more
difficult.

On the ba sis of the best ex po sures in the area north of Styles 
Cem e tery, the move ment along the Hill 806 fault pro duced a
protomylonite com posed of not more than 15% dy nam i cally
recrystallized min ute min eral grains along with about 85% rel ict
strained min eral grains.  This is pri mar ily ex hib ited in the
mica-poor meta vol can ic rocks of the Cush ing For ma tion.  Rare,
but con spic u ous grains of blue quartz can be seen in this rock.  In
the interbedded granofels and mica-rich schist of the Cape Eliz a -
beth For ma tion, the de for ma tion is pri mar ily ex pressed as a very
rig or ous align ment of mica grains and an abun dance of
pinched-off lenses of quartz-plagioclase, but only a bare trace of
mylonitization. 

The de gree of mylonitization de creases to the south west
from the type sec tion.  Thus in the ex po sures in Halfmoon
Stream, in the ex treme south west ern cor ner of the Brooks West
7.5’ quad ran gle, there are only a few per cent of dy nam i cally
recrystallized min ute min eral grains, but op ti cally strained min -
eral grains abound, as does rig or ous par al lel ism of mica min eral
grains.  Far ther to the south west, in the north east ern part of the
Lib erty 7.5’ quad ran gle, the Hill 806 fault is ten ta tively shown as 
folded to the north west and there is drawn through a num ber of
ex cel lent ex po sures of meta vol can ic rocks which ex hibit a very
strong fo li a tion due to par al lel ism of mica and am phi bole min -
eral grains, but no mylonitization.  It is pos si ble that the de for ma -

tion in these ex po sures is the re sult not of the Hill 806 fault, but
of an other fault, par al lel to and north west of the Hill 806 fault. 
An other pos si bil ity is that the Hill 806 fault was off set by one or
sev eral late east-west trending faults with a dextral dis place ment
sense.  A sim i lar off set is also shown by the map pat tern of the
Wil son Cove Mem ber of the Cush ing For ma tion (Ocwc) about 1
ki lo me ter to the north west of Hogback Ledge.  The Knox Ridge
fault shown to the north-northeast of this area is an example of
this type of late fault.

3. Geo phys i cal ev i dence for the Hill 806 fault.  I am not
aware of any geo phys i cal ev i dence for the Hill 806 fault.  It is
con sid ered to be one of the splays of the Norumbega fault sys -
tem, per haps the north west ern-most one.  This fault sys tem
shows a strong col lec tive sig na ture in seis mic pro file (Stew art
and others, 1991).

4. Ex trap o la tion, cor re la tion, and spec u la tion.  To the
north east of the study area, the Hill 806 fault has been ten ta tively
traced by the writer into the lin ea ment shown by Thurlow Brook
in the south east ern part of the East Dixmont 7.5’ quad ran gle.  On
strike, in the Bucksport 15’ quad ran gle, is found the north west -
ern-most splay of the Norumbega sys tem faults, as drawn by
Wones (1991).  It is shown cross ing the Penobscot River just
north of Orrington.  Osberg and oth ers (1985) show this splay of
the Norumbega sys tem con tin u ing to the north east as far as West
Grand Lake.  In the study area, the Hill 806 fault is con fi dently
drawn to the south west only as far as the south west ern cor ner of
the Brooks West 7.5’ quad ran gle, where are found ex po sures in
Halfmoon Stream show ing very in cip i ent mylonitization. 
South west from there, this fault is ten ta tively drawn through
strongly plas tic ally de formed ex po sures of both fel sic and mafic
meta vol can ic rocks to the east and north east of West Mont ville,
in the north east ern part of the Lib erty 7.5’ quad ran gle.  These
could be long to ei ther the Nehumkeag Pond For ma tion or to the
Cush ing For ma tion.  Al ter na tively, these rocks may have been
de formed by an other fault.  On strike to the south west there is
nei ther my lon ite nor strongly de formed rocks.  How ever,
Newberg (1985) shows a fault, named by him the Beech Pond
fault, en ter ing the Lib erty 7.5’ quad ran gle from the Palermo 7.5’
quad ran gle about 800 me ters north of Nut ter Pond.  This lo ca tion 
is on strike with the above-noted ex po sures near West Mont ville.  
I have not seen any ex po sures of the Beech Pond fault.  Newberg
(1985) does not in di cate any out crop lo ca tions closer than 150
me ters to the fault trace, and does not ex plain in the text his rea -
son for this fault.  How ever, if the Beech Pond fault does in fact
ex ist as shown, then the Hill 806 fault or an other fault to the
north west of and par al lel to it could be cor re lated with it, which I
ten ta tively do.  Then if one were to ex tend the Beech Pond fault
to the south west of the Palermo 7.5’ quad ran gle, it could pos si -
bly hook up with a ma jor fault shown both by Newberg (1984)
and by Osberg and oth ers (1985) as ter mi nat ing in the Kennebec
River be tween South Gar di ner and West Dresden.  Hussey
(1988) in ter prets this fault differently, but it could be related to
the Flying Point fault, which appears to be a splay of the
Norumbega system.
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As most re cently in ter preted by Hussey (per sonal com mu -
ni ca tion), the Fly ing Point fault sep a rates the Fal mouth-Bruns -
wick se quence from the Casco Bay se quence.  If all the
spec u la tion in the above para graph is on track, then the Hill 806
fault could per form this same func tion in this area of study.  Thus
all of the mapped rock units in this study which are to the north -
west of the Hill 806 fault - Beech Pond fault, but to the south west
of the late Stantial Bog fault, have been cor re lated with dif fer ent
for ma tions of the Fal mouth-Bruns wick se quence.  To the south -
east of the Hill 806 - Beech Pond fault, mapped units are cor re -
lated with dif fer ent for ma tions of the Casco Bay se quence. 
How ever, to the north east of the Stantial Bog fault the Meadow
Brook fault, which is older than the Hill 806 fault, forms the
boundary between the two sequences.

Beech Pond Fault

1. Name.  The name Beech Pond fault was first used by
Newberg (1985). He shows it ex tend ing from the south ern edge
of the Palermo 7.5’ quad ran gle, just west of Beech Pond, to the
east ern edge of the quad ran gle, just north of Nut ter Pond.  In a
sche matic cross sec tion it is shown by him as a high an gle fault,
with the north west ern side hav ing moved down rel a tive to the
south east ern side.

2. Area of ex pres sion of the Beech Pond fault and the
rocks ex posed near the fault zone.  In this study, I show the trace
of the Beech Pond fault very close to the po si tion given by
Newberg (1985).  It should again be noted here that I have no -
where seen any ex po sure of this fault in out crop; how ever, it is
pressed into ser vice in part to ac count for the dis ap pear ance of a
belt of the Bea ver Ridge For ma tion (Ob) and of the Parmenter
Cem e tery For ma tion (Op) in the north west ern part of the
Razorville 7.5’ quad ran gle, but pri mar ily to serve as a con tin u a -
tion of the re gion ally important Hill 806 fault.

3. Cor re la tion and ex trap o la tion.  The Beech Pond fault is
ten ta tively cor re lated with the Hill 806 fault of this study.  The
reader is re ferred to the  ex ten sive spec u la tion on the sub ject of
these two faults in the fi nal sec tion on the Hill 806 fault in this
study.

Knox Ridge Fault, Stantial Bog Fault, Jack son Cor ners Fault

These three pre sumed late faults were not ob served in out -
crop.  They are treated to gether in this sec tion be cause all three
were drawn to ac count for sim i lar style ef fects on sev eral lith o -
logic units as well as on older faults.

1. Names.  All three names are be ing used here for the first
time.  The Knox Ridge fault is named for the prom i nent ridge in
the south east ern part of the Unity 7.5’ quad ran gle.  The Stantial
Bog fault is named af ter a bog of that name in the cen tral part of
the Brooks West 7.5’ quad ran gle.  The Jack son Cor ners fault is
named af ter the road in ter sec tion in the north east ern part of the
Brooks West 7.5’ quad ran gle.  Since the faults were not ob served 
in out crop, there are no type sections.

2. Jus ti fi ca tion for the faults.  The ba sis for all of these
faults is the co in ci den tal dis place ment of a num ber of con tacts
along three sep a rate lines, all three par al lel to one an other, with
the trend N80W-S80E.  On the geo logic map of this study, a
dextral off set is in di cated for the Knox Ridge fault and a sinistral
for the Jack son Cor ners fault.  These in di ca tions merely re cord
the sur face off sets of the con tacts and do not nec es sar ily ex press
the ac tual di rec tion of move ment along the faults.  Given a 25
NW dip for the Hackmatack Pond fault (Stew art and oth ers,
1991), the Knox Ridge fault and the Jack son Cor ners fault could
also be in ter preted as nor mal faults, out lin ing a graben
inbetween them.  No move ment sense is in di cated for the
Stantial Bog fault.  Since the Nehumkeag Pond For ma tion is
con sid ered to be older, hence be low, the Bea ver Ridge For ma -
tion, the struc ture drawn to the south west of Stantial Bog would
rep re sent a north east-plung ing syncline.  A rel a tive down move -
ment of the north wall of the Stantial Bog fault could then ac -
count for the off sets ob served.  To be con sis tent, this
in ter pre ta tion would re quire steep north west dips at depths for
the Wil son Cove Mem ber of the Cush ing For ma tion (Ocwc),
which is shown off set by the fault.  The fo li a tion mea sured in the
rocks is within 10o of vertical, which does not invalidate the
above structural interpretation.

REFERENCES  CITED

Barker, D. S., 1961, Hallowell gran ite and as so ci ated rocks, south-cen tral
Maine:  Ph.D. dis ser ta tion, Prince ton Uni ver sity, Prince ton, New Jersey.

Fisher, L. W., 1941, Struc ture and meta mor phism of Lewiston, Maine, re gion: 
Geo log i cal So ci ety of Amer ica, Bul le tin, v. 52, no. 1, p. 107-159.

Hussey, A. M., II, 1971, Geo logic map and cross sec tions of the Orrs Is land 7.5’
quad ran gle and ad ja cent area, Maine:  Maine Geo log i cal Sur vey, Map
GM-2, scale 1:24,000, 18 p.

Hussey, A. M., II, 1985, The bed rock ge ol ogy of the Bath and Port land 2-de gree 
map sheets:  Maine Geo log i cal Sur vey, Open-File Re port 85-87, 80 p.
and two maps.

Hussey, A. M., II, 1988, Lithotectonic stra tig ra phy, de for ma tion, plutonism, and
meta mor phism, greater Casco Bay re gion, south west ern Maine, in
Tucker, R. D., and Marvinney, R. G. (eds.), Stud ies in Maine ge ol ogy;
Vol ume 1 -  struc ture and stra tig ra phy:  Maine Geo log i cal Survey, p.
17-34.

Katz, F. J., 1917, Stra tig ra phy in south west ern Maine and south east ern New
Hamp shire:  U. S. Geo log i cal Sur vey, Pro fes sional Pa per 108, p.
165-177.

Newberg, D. W., 1981a, Bed rock ge ol ogy and struc ture of the Gar di ner 15’
quad ran gle, south west ern Maine, in Thomp son, W. B. (ed.), New Eng -
land Seismotectonic Study Ac tiv i ties in Maine dur ing Fis cal Year 1981: 
Maine Geo log i cal Survey, p. 57-66.

Newberg, D. W., 1981b, Bed rock ge ol ogy and struc ture of parts of the
Vassalboro and Wiscasset 15’ quad ran gles, Maine, in Thomp son, W. B.
(ed.), New Eng land Seismotectonic Study Ac tiv i ties in Maine dur ing
Fis cal Year 1981:  Maine Geo log i cal Sur vey, p. 67-69.

Newberg, D. W., 1984, Bed rock ge ol ogy of the Gar di ner 15’ quad ran gle, Maine: 
Maine Geo log i cal Sur vey, Open-File Re port 84-8, scale 1:62,000, 30 p.

Newberg, D. W., 1985, Bed rock ge ol ogy of the Palermo 7.5’ quad ran gle, Maine: 
Maine Geo log i cal Sur vey, Open-File Re port 85-84, scale 1:24,000, 21 p.

K. A. Pankiwskyj

14



Osberg, P. H., 1968, Stra tig ra phy, struc tural ge ol ogy, and meta mor phism of the
Waterville-Vassalboro area, Maine:  Maine Geo log i cal Sur vey, Bul le tin
20, scale 1:62,500, 64 p.

Osberg, P. H., 1988, Geo logic re la tions within the shale-wacke se quence in
south-cen tral Maine, in Tucker, R. D. and Marvinney, R. G. (eds.), Stud -
ies in Maine ge ol ogy; Vol ume 1 - struc ture and stra tig ra phy:  Maine Geo -
log i cal Sur vey, p. 51-73.

Osberg, P. H., and Berry, H. N., IV, 1991, Stra tig ra phy of lithotectonic belts west 
of Penobscot, Maine, in Ludman, A. (ed.), Ge ol ogy of the coastal
lithotectonic block and neigh bor ing ter ranes, east ern Maine and south ern 
New Bruns wick:  New Eng land In ter col le giate Geo log i cal Con fer ence,
83rd an nual meet ing, Prince ton, Maine, 358-373.

Osberg, P. H., Hussey, A. M., II, and Boone, G. M. (eds.), 1985, Bed rock geo -
logic map of Maine:  Maine Geo log i cal Sur vey, scale 1:500,000.

Pankiwskyj, K. A., 1976, Pre lim i nary geo logic map of the Lib erty 15’ quad ran -
gle and ad join ing parts of the Burnham, Brooks, Bel fast, and Vassalboro
quad ran gles, Maine:  Maine Geo log i cal Sur vey, Open-File Re port
76-29, scale 1:62,000, 8 p.

Pankiwskyj, K. A., 1978, Bed rock ge ol ogy in the Coo pers Mills-Lib erty area,
Maine, in Guide book for field trips 3 and 4:  Geo log i cal So ci ety of
Maine, p. 5-9 (re printed in Hussey, A. M., II, and Westerman, D. S.
(eds.), Field trips of the Geo log i cal So ci ety of Maine, 1978-1983:  Geo -
log i cal So ci ety of Maine, Bul le tin 3, p. 19-25.

Pankiwskyj, K. A., Ludman, A., Grif fin, J. R., and Berry, W. B. N., 1976, Strati -
graphic re la tion ships on the south east limb of the Merrimack
synclinorium in cen tral and west-cen tral Maine, in Ly ons, P. C., and
Brownlow, A. H. (eds.), Stud ies in New Eng land ge ol ogy:  Geo log i cal
So ci ety of Amer ica, Mem oir 146, p. 263-227.

Perkins, E. H., and Smith, E. S. C., 1925, Con tri bu tions to the ge ol ogy of Maine,
No. 1: a geo logic sec tion from the Kennebec River to Penobscot Bay:
Amer i can Jour nal of Sci ence, v. 209, p. 204-228.

Stew art, D. B., Wright, B. E., Unger, J. D., Phillips, J. D., and Hutch in son, D. R.
(princ. com pil ers), 1991, Global geoscience transect 8, Que -
bec-Maine-Gulf of Maine transect, south east ern Can ada, north east ern
United States of Amer ica: U. S. Geo log i cal Sur vey, Open-File Re port
91-353, 33 p.

Wones, D.R. 1991, Bed rock geo logic map of the Bucksport quad ran gle, Waldo,
Han cock, and Penobscot Coun ties, Maine:  U.S. Geo log i cal Sur vey, Map 
GQ-1692, scale 1:62,500.

Hackmatack Pond fault, Kennebec and Waldo Counties, Maine

15




