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IN TRO DUC TION

Lo ca tion and purpose

The Dill Hill 7½’ quad ran gle is in north ern Wash in gton
County, east ern Maine, mid way be tween Spring field and Tops -
field, and about 12 miles south of Dan forth (Fig ure 1).  Geo logi -
cally, it strad dles the bound ary be tween the Aroos took-

Matapedia and Mi ramichi ter ranes (Fig ure 2).  The prin ci pal
pur pose of this STATE MAP proj ect was to de fine the con tacts
be tween the two ter ranes and de duce the se quence of tec tonic
events that led to their jux ta po si tion.  Ad di tional goals were to
re fine the stra tigra phy and struc ture of the Mi ramichi ter rane
which oc cu pies most of the quad ran gle, trace the con tact be -
tween the Bot tle Lake plu ton and its host rocks, and evalu ate po -
ten tial min eral de pos its in the area.  This last goal was given
ad di tional im pe tus by the dis cov ery of gold min er ali za tion at the
Maine- New Bruns wick bor der a few miles along strike to the
north east of the study area.
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Fig ure 2.  Tec tonos tra tigraphic frame work of the Dill Hill and Bow ers
Moun tain quad ran gles.Fig ure 1.  Lo ca tion of the Dill Hill quad ran gle.



Geo logic set ting

The south ern and east ern parts of the Dill Hill quad ran gle
are un der lain by me tasedi men tary and me ta vol canic rocks that
con tinue northeast ward into ad ja cent New Bruns wick as the
Cambrian- Ordovician Mi ramichi ter rane (Pot ter and oth ers,
1979).  The Stet son Moun tain fault, which sepa rates these rocks
from younger clas tic rocks of the Aroostook- Matapedia ter rane
to the west, is ex posed in the north west cor ner of the quad ran gle,
and in the Bow ers Moun tain quad ran gle im me di ately to the west
(Fig ure 2).  The younger clas tic rocks, and the lime stones and
slates with which they in ter fin ger to the west, have been traced
northward in re con nais sance stud ies by Hopeck (1991) into the
late Or do vi cian to mid dle Si lu rian strata of the Houl ton area, de -
fined by Pav lides (1974).  The south ern part of the quadrangle is
oc cu pied by the north ern mar gin of the Bot tle Lake plu ton, one
of the larg est grani toid bod ies of east ern Maine (Os berg and oth -
ers, 1985).

Re gional meta mor phic grade is uni formly very low in east -
ern Maine, re gard less of the age or struc tural com plex ity of the
rocks.  Thus, both polyde formed Cam brian through mid dle Or -
do vi cian Mi ramichi strata and sim ply folded late Or do vi cian
through mid dle Si lu rian (?) Aroostook- Matapedia strata in the
Dill Hill quad ran gle ex pe ri enced only lower green schist fa cies
(chlo rite zone) con di tions dur ing de for ma tion.  More in tense
meta mor phism oc curred in the con tact aure ole of the Bot tle Lake 
plu ton.  The in ner most part of this aure ole is char ac ter ized by sil -
lima nite in pe li tic rocks, the cen tral part by cord ier ite and an da -
lu site+cord ier ite as sem blages, and the broad outer zone by
biotite- grade horn fels.

Physi og ra phy

The study area is blan keted by gla cial de pos its, with less
than 1% ex posed bed rock.  Al though these de pos its mask bed -
rock trends in much of the quad ran gle, a var ied physi og ra phy di -
visi ble into six zones re flects the ma jor geo logic com po nents
(Fig ure 3).  Zone I con tains the great est ele va tions, with Dill Hill
it self (1024’) be ing the high est point in the quad ran gle and un -
named hills in the SE cor ner of Zone I rang ing around 1000’. 
This high ground is un der lain by the Bot tle Lake plu ton (south -
ern part Zone I) and its con tact meta mor phic aure ole (north ern
part).  Zone II is a low land oc cu pied by the Bas ka he gan Stream
drain age and con tains the low est ele va tions in the quad ran gle
(430’- ~500’).  Bed rock ex po sures are very sparse in Zone II, but 
small knobs in the east ern part (II-A) with only 30’ of re lief pro -
vide nu mer ous ex po sures of chlorite- grade Mi ramichi strata. 
Sur fic ial de pos its of Zone II ob scure the con tact be tween an out -
lier of proxi mal Aroostook- Matapedia rocks and the Mi ramichi
ter rane.

Zone III con tains bedrock- cored hills un der lain by proxi -
mal Aroostook- Matapedia strata that are cov ered by gla cial de -
pos its of widely vary ing thick ness.  Out crops are abun dant near
hill tops and in streams in Zone III, but are also sur pris ingly com -

mon on a net work of lum ber roads in lower ar eas where only one
or two feet of till lo cally mask bed rock.  Un for tu nately, the east -
ern part of Zone III is a thick blan ket of sandy till and is nearly
de void of out crop.

Zone IV is a se ries of gen tle, southeast- facing slopes un -
der lain by sandy and lo cally clay- rich till and has only a few out -
crops of Mi ramichi vol canic and vol cani clas tic rocks.  Zone V is
domi nated by the northeast- trending ridge of Stet son Moun tain,
with ele va tions up to 956’.  The ridge crest is un der lain by highly
re sis tant vol canic rocks of the Mi ramichi terrane, with gla cial
de pos its oc cu py ing most of its south east flank.  In ter est ingly,
simi lar rocks also un der lie low land por tions of Zone IV.  Zone VI 
is the south east ern ter mi nus of an ex ten sive area of lower ele va -
tion and lower re lief than Zone V, and is un der lain by
Aroostook- Matapedia strata simi lar to those in Zone III.

Two distinctive north-northeast-trending topographic
lineaments are shown by heavy dashed lines in Fig ure 3.  The
lineament at the northwestern corner of the quadrangle coincides 
with a strand of the Stetson Mountain fault zone that here
separates the Miramichi and Aroostook-Matapedia ter ranes
(Fig ure 2).  The significance of the eastern lineament is less
obvious, as Miramichi rocks crop out on both sides, yet it can be
traced through several quadrangles.  Cata cla site is exposed in
two places in Baskahegan Stream just west of the lineament,
suggesting a north-northeast-trending brittle fault parallel to and
perhaps coeval with the Stetson Mountain zone.

Pre vi ous Work

Lar ra bee and oth ers (1965) car ried out map ping that in -
cluded re con nais sance work in the Dill Hill and ad ja cent Bow ers 
Moun tain quad ran gles and de tailed work in the Dan forth 15’
quad ran gle to the north.  They pro posed a pre- Silurian age for
rocks of the Mi ramichi ter rane.  They more- or- less cor rectly
traced the con tact to the southeast be tween the Mi ramichi rocks
and younger rocks of the Fre der ic ton belt, and the con tact to the
north west be tween the Mi ramichi rocks and the Aroostook-
 Matapedia ter rane.  They roughly sketched con tacts be tween
large gran itic plu tons and me tasedi men tary rocks of the three
ter ranes. 

My pre vi ous work in east ern Maine (sum ma rized by Lud -
man, 1991; Lud man and oth ers, 1993) re vised Lar ra bee and oth -
ers’ (1965) stra tigra phy, re mapped con tacts be tween ter ranes
and be tween gran ites and strati fied rocks, and rec og nized
polyde for ma tion in Mi ramichi strata.  Rocks of the Mi ramichi
terrane in Maine have been subdivided into three formations,
based to a great ex tent on work in the Dill Hill quad ran gle and
ad ja cent Far row Moun tain quad ran gle to the east, as shown in
the lower half of Fig ure 4.  Clasts of Miramichi units in the
proximal facies enabled Hopeck (1991, 1994) to demonstrate
post-Caradocian sedimentary linkage between the Miramichi
source rocks and their fringing Aroostook-Matapedia debris
apron.  Hopeck also recognized the westward-fining sequence
illustrated in the upper half of Fig ure 4, in which coarse
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Fig ure 3.  Physio graphic sub di vi sions of the Dill Hill quad ran gle de scribed in the text.  Dashed lines are 
topo graphic linea ments in ter preted to be faults.



conglomerates (Daggett Ridge Formation) interfinger with
progressively finger grained rocks and eventually pass
westward into limestones and pelites correlated with the Carys
Mills and Smyrna Mills formations, respectively, of the Houlton
area (Pavlides, 1974).

Evi dence for a post- Middle Or do vi cian un con for mity is
con vinc ing north west of the study area, but the ab sence of the
Dag gett Ridge and Mill Prive ledge Brook For ma tions at the Mi -
ramichi con tact in the Dill Hill quad ran gle is prob lem atic.  A
com plex evo lu tion is sug gested for the pres ent con tact in volv ing 
de for ma tional as well as stra tigraphic fac tors, and un rav el ing
this evo lu tion is one of the ma jor pur poses of this study.

Mang ini (1982) at tempted to model Mi ramichi polyde for -
ma tion in vol canic and ad ja cent units in the Dan forth 15’ quad -
ran gle.  Say res (1986) used a marker unit to de line ate map pa ble
early folds, and to sepa rate ef fects of Cara do cian fold ing from
younger de for ma tion.  Say res (1986) and Say res and Lud man
(1985) used ma jor and trace ele ment geo chem is try to show that
the Mi ramichi vol canic suite in Maine was re lated to Cara do cian
sub duc tion.

Two large gran itic batho liths, the Pokiok and the Bot tle
Lake plu tons, seal the con tact be tween the Mi ramichi ter rane
and the Fre der ic ton belt east of the study area.  The Pokiok plu -
ton is north east of the Dill Hill quad ran gle, but the north ern mar -
gin of the Bot tle Lake plu ton oc cu pies most of the south ern part
of the map area.  Ayuso (1984) mapped lithic varia tions within
the Bot tle Lake com plex, de vel oped a model for its pet ro gene sis, 
and docu mented its Middle De vo nian age (Ayuso and oth ers,
1984).  

STRA TIGRA PHY

Re cent stud ies have re vised or dis carded many of the stra -
tigraphic con cepts pro posed by Lar ra bee and oth ers (1965). 
Most of the for ma tion names shown in Fig ure 4 and on the geo -

logic map have been used in east ern Maine for al most a dec ade,
but are still in for mal be cause they have not been sub mit ted to the
Com mit tee on Stra tigraphic No men cla ture.

Mi ramichi ter rane

Rocks of the Mi ramichi ter rane in east ern Maine are di -
vided into the Bas ka he gan Lake, Bow ers Moun tain, and Stet son
Moun tain For ma tions (Fig ure 4).  Nor mal stra tigraphic con tacts
be tween these units are not ex posed – al though some sheared
con tacts are visi ble – so that the age of the se quence de scribed
here is based on fos sil lo cali ties ad ja cent to the pres ent study area 
and on cor re la tion with dated rocks in New Bruns wick and other
pre- Silurian tracts in north east ern Maine.  The three for ma tions
are de scribed first, fol lowed by a dis cus sion of their ages and of
re gional cor re la tions.

Bas ka he gan Lake For ma tion (OCbl):  The Bas ka he gan
Lake For ma tion is the domi nant stra tigraphic unit in the Mi -
ramichi ter rane in Maine.  The formation was named from
extensive exposures along the east and south shores of
Baskahegan Lake in the Brookton 7.5' quadrangle, adjacent to
the Dill Hill quadrangle on the northeast (Ludman, 1991).  It
con sists for the most part of thick- bedded quart zose and
quartzo- feldspathic wacke and arenite in ter bed ded with sub or -
di nate silt stone and slate.  Varia tions in color, bed thick ness,
grain size, and lithic pro por tions have been used in at tempts to
sub di vide the broad out crop belt of the for ma tion.  Color is the
only dis crimi nant that works sys tem ati cally, but only in chlo rite
zone out crops be cause con tact meta mor phism to higher grade
de stroys the min era logic dif fer ences re spon si ble for the color
varia tion.

The for ma tion is di vided into lower (red- maroon) and up -
per (domi nantly green with sig nifi cant amounts of gray) mem -
bers whose bed ding, lithic pro por tions, clast and ma trix con tents 
are iden ti cal, ex cept for greater amounts of ma trix hema tite in
the lower mem ber and of chlo rite in the up per mem ber.  (Hema -
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Fig ure 4.  Sche matic stra tigraphic relationships of the Aroostook- Matapedia and Mi ramichi ter ranes in east ern Maine.



tite and chlo rite are pres ent in both.)  Fac ing evi dence across
three ex posed con tacts be tween these mem bers shows that the
green rocks over lie the red.  A nar row (30- 50 m) tran si tional
zone con tains in ter bed ded green and red li tholo gies.  In two of
the con tact tran sects, green or gray sand stones just above the
tran si tional rocks con tain nu mer ous hema tite and li mo nite spots.

Bed ding in both mem bers is typi cally thick, but ranges
from mas sive sand stone or gran ule con glom er ate beds more
than 2 m thick to pin striped (2-5 cm), well- graded lay ers of silt -
stone and mud stone.  Both mas sive and graded beds are abun -
dant.  Mas sive beds with uni form grain size and lack ing
lami na tions are com mon, but bed ding planes are ob scured in
many out crops by a regu larly spaced (2-4 cm) pene tra tive
pressure- solution cleav age.  This cleav age is the most promi nent 
fea ture in many ex po sures and, along with as so ci ated trans po si -
tion, oblit er ates bed ding in some.  Thick psam mite beds are also
com monly char ac ter ized by graded bed ding.  In some, gran ules
or coarse sand pass up ward into me dium sand and silt stone; in
oth ers, the rela tively ho mo ge ne ous sandy base of the bed grades
over a short interval into a silt stone or mud stone top.  Par tial and
a few nearly com plete Bouma se quences are pres ent in some of
the graded beds, in di cat ing their tur bid ite ori gin.  Bot tom fea -
tures such as load casts, flame, and ball and pil low struc tures are
par ticu larly com mon in these ho ri zons.  Con tact meta mor phism
high lights com po si tional grad ing, as cord ier ite and an da lu site
ap pear sparsely in the tran si tion be tween sandy and pe li tic parts
of a given bed and be come abun dant at the top.  

Sand stone is by far the domi nant rock type in the Bas ka he -
gan Lake For ma tion, rep re sent ing about 75- 80% of its out crop
belt.  Quartz arenites can be read ily dis tin guished from quartzo-
 feldspathic wackes by their dis tinc tive col ors on fresh and
weath ered sur faces.  Quartz arenites are typi cally the same blu -
ish gray color on both fresh and weath ered sur faces, whereas
feldspar- rich wackes weather chalky white and are ei ther gray -
ish green or pale red when fresh.  The two are mixed ran domly
through out the for ma tion, and both oc cur in mas sive or well
graded beds.  Pe li tic lay ers oc cur as ei ther the tops of graded sets
or as individual beds in sharp con tact with sand stones at both top
and bot tom.  They are much less abun dant volu met ri cally than
the sand stones, gen er ally com pris ing less than 25% of the
thicker graded beds.  Thin ner, in ter lami nated cou plets com -
monly con tain equal amounts of pe lite and psam mite, and some
mud stone or slate beds as so ci ated with thick- bedded sand stones
are as thick as 1 m.  The pe lites may be gray, grayish- green, ol ive
green, or deep ma roon, and many as so ci ated with the quartzo-
 feldspathic psam mites also weather chalky white.

Con tact meta mor phism con verts these rocks to tough horn -
fel ses, and both sand stones and pe lites ex hibit rusty weath er ing
near the gran ite con tacts due to (in tro duced) sul fide min er als. 
The quartz arenites re crys tal lize with lit tle min era logic change,
but bio tite and sparse cord ier ite de velop in the wackes.  Pe li tic
horn fel ses in the outer part of con tact aure oles are fine- grained
and char ac ter ized by the grayish- purple color in dica tive of fine-
 grained, dis semi nated red- brown bio tite.  Grain size in creases

to ward the gran ites, the pur plish color deep ens, and cord ier ite
ap pears – first as tiny dark spots near the cord ier ite iso grad and
then as round, equant grains up to 5 mm in di ame ter ad ja cent to
the gran ite.  Small sub he dral an da lu site crys tals are found within 
a few hun dred me ters of the con tact with the in tru sive rock and
pris matic sil lima nite oc curs within 50 me ters of the gran ite.

Con tact re la tion ships and thick ness.  The base of the Bas -
ka he gan Lake For ma tion is not ex posed in east ern Maine or New 
Bruns wick.  The up per con tact with the Bow ers Moun tain For -
ma tion is typi cally at least slightly sheared, proba bly be cause of
the com pe tence con trast be tween the Bas ka he gan Lake sand -
stones and Bow ers Moun tain pe lites.  The shear ing has, un for tu -
nately, de stroyed most evi dence con cern ing the na ture of the
con tact.  An apparently undeformed contact on and east of
Bowers Mountain in the southwest corner of the study area
suggests a gradational contact with the overlying Bowers
Mountain Formation.  There, thinly laminated black,
rusty-weathering carbonaceous pelite and silt stone appear
uniquely in the Baskahegan Lake Formation and become more
abundant upward at the expense of the typical thick-bedded
psammites.  Graded bedding below this transition zone suggests
that the Bowers Moun tain Formation lies above the Baskahegan
Lake Formation.

Mul ti ple fold ing, in tra for ma tional and in ter for ma tional
shear ing, and the lack of an ex posed base make it im pos si ble to
es ti mate the thick ness of the Bas ka he gan Lake For ma tion ac cu -
rately.  The width of its out crop belt sug gests a thick ness on the
or der of at least a few kilo me ters, even con sid er ing the repe ti -
tions due to late stage up right folds.  Ear lier re cum bent fold ing is
rec og nized but not yet fully un rav eled (see be low).  Most up right 
folds ap pear to be right- side up, but a few are defi nitely in verted,
sug gest ing that both up per and lower limbs of regional- scale re -
cum bent struc tures are pres ent in the quad ran gle.  Low topo -
graphic re lief and poor ex po sure pre clude re con struc tion of the
early struc tures, so that the value of “a few kilo me ters” cited
above is the best ap proxi ma tion pos si ble at this time.

Bow ers Moun tain For ma tion (Obm):  The Bowers
Mountain Formation is named here for extensive outcrops on
and near Bowers Mountain, particularly on hills around Dipper
Pond and on the northern and northwestern slopes of Dill Hill. 
Out crops of the Bowers Mountain Formation in the southern
part of the study area lie within the contact aureole of the Bottle
Lake complex and typically contain cordierite, andalusite, or
sillimanite.  Chlorite- zone rocks characterize ex po sures in the
northwestern part of the Dill Hill quadrangle and in the Stetson
Mountain and Danforth quadrangles to the north and northeast.

As dis cussed ear lier, an ap par ently gra da tional con tact
with the un der ly ing Bas ka he gan Lake For ma tion is ex posed at
Bow ers Moun tain.  This con tact can be traced through the con -
tact aure ole of the Bot tle Lake complex, de fin ing a com plex map
pat tern at trib uted to su per po si tion of up right folds on early re -
cum bent struc tures in volv ing both units.  Ac cord ingly, an early
Or do vi cian un con for mity be tween the two for ma tions pre vi -
ously sug gested by Lud man and oth ers (1993) must be re jected,
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along with the in ferred Pe nob scot orog eny to which it was at trib -
uted.

The Bow ers Moun tain For ma tion con tains thick se quences 
of rusty- weathering (sul fidic), car bo na ceous pe lite and gray-
 weathering (non- sulfidic), non- carbonaceous to slightly car bo -
na ceous pe li tic rocks.  In di vid ual beds within these pack ages are
thin, typi cally only a few cen ti me ters thick.  Rela tively ho mo ge -
ne ous sul fidic and non- sulfidic pe lite make up most of the for -
ma tion with only mi nor in ter bed ded coarser clas tic rocks. 
Cleav age is well pre served in all ex po sures ex cept those in the
in ner most part of the con tact aure ole sur round ing the Bot tle
Lake plu ton, but bed ding is less ob vi ous, par ticu larly in ho mo -
ge ne ous pe li tic ho ri zons in which cleav age is domi nant.  Thinly
in ter bed ded quart zose silt stone lay ers de line ate bed ding in many 
ex po sures and amount to per haps as much as 30% of the for ma -
tion.  Siltstone- pelite con tacts are sharp and, in con trast with
thin- bedded strata of the Bas ka he gan Lake For ma tion, rarely
dis play pri mary fea tures that indicate fac ing direction.  

Thicker (15- 50 cm), mas sive beds of quartz arenite are
found through out the for ma tion, but are more abun dant in the
sul fidic se quences.  They stand in re lief above the strongly
cleaved pe lites and are also dis tin guished by their lack of con tact
meta mor phic min er als.  Origi nal fine to me dium sand sized
quartz clasts are read ily iden ti fied in thin sec tion and, in a few in -
stances, in out crop.  Bot tom fea tures in these mas sive
sandstones, in clud ing load casts and flame struc tures, do sup ply
valu able fac ing evi dence.  Such fac ing data on Bow ers Moun tain 
agree with graded bed ding in the ad ja cent Bas ka he gan Lake For -
ma tion, in di cat ing that the Bow ers Moun tain For ma tion lies
above the Bas ka he gan Lake Formation.  Pick er ill and Fy ffe
(1999) re port a con form able con tact be tween the two for ma tions 
in south west ern New Bruns wick.

Shearing has stymied attempts to elucidate the internal
stratigraphy of the Bowers Mountain Formation.  Map ping
during the summer of 1999 suggests, however, that the pelites in
the lower part of the formation are dominantly sulfidic and car -
bo na ceous, and that non-sulfidic rocks are more abundant
toward the top of the formation.

Thick ness:  Mul ti ple fold ing and shear ing make it dif fi cult
to de ter mine the thick ness of the Bow ers Moun tain For ma tion. 
An es ti mate of 200- 350 m is based on the out crop width be tween
the Bas ka he gan Lake and Stet son Moun tain For ma tions near the
west ern edge of the Dill Hill quad ran gle and in the ad ja cent
Bow ers Moun tain quad ran gle.

Stet son Moun tain For ma tion (Osm):  The Stetson
Mountain Formation is a thick sequence of dominantly felsic
metavolcanic rocks that had been informally designated as the
"rocks of Snow Mountain" in what is now the Danforth 7.5'
quadrangle by Larrabee and others (1965).  The formation is
named for excellent exposures on the eastern and western slopes
of Stetson Mountain in the Stetson Mountain quadrangle, and
rocks from the type locality are traced continuously into the
northern edge of the Dill Hill study area.  Stet son Mountain
volcanic rocks crop out at the west-central edge of the

quadrangle, in the northwest corner, and in lowlands around
Route 6 in the southwest corner.  The metavolcanic rocks are
generally more resistant to erosion than the adjacent
metasedimentary units and support prominent ridges throughout 
their outcrop area. 

De tailed map ping in the Dan forth (Say res, 1986) and Stet -
son Moun tain 7.5' quad ran gles (Lud man, un pub lished data) per -
mit ted di vi sion of the for ma tion into lower and up per mem bers
(the Tol man Hill and Pub lic Lot Ridge mem bers, re spec tively, of
Lud man, 1991) sepa rated by a dis tinc tive ho ri zon com posed of
man ganif er ous chert and very fine grained man ganif er ous fel sic
tuff.  The Tol man Hill mem ber con tains very fi ne -grained to
cryp to crys tal line fel sic ash fall tuffs with only mi nor ash fall lay -
ers in which crys tals or rock frag ments can be ob served.  In con -
trast, the Pub lic Lot Ridge mem ber con tains large amounts of
coarse ash flow tuff in ad di tion to the ash fall de pos its, and abun -
dant vol cani clas tic ho ri zons.  All Stet son Moun tain rocks in the
study area are as signed to the lower, Tol man Hill mem ber.

The Tolman Hill member in the Dill Hill quadrangle is a
sequence of chalky white weathering, green ish gray to gray
cryp to crys tal line vol canic rocks that are ex tremely hard and
com monly dis play con choi dal frac ture.  Bed ding is only rarely
iden ti fi able.  It is typi cally re vealed by sub tle changes in grain
color, flat tened pum ice frag ments and lap illi; more rarely, thick
erup tive se quences con tain ing cryp to crys tal line and coarsely
frag men tal ma te rial clearly de line ate pri mary lay er ing, as do
very sparse me tasedi men tary beds.  Me tasedi men tary rocks, al -
most en tirely thin se quences of black, py ri tif er ous shale, are ex -
tremely rare (< 5% of the mem ber)

Pet ro graphic ex ami na tion re veals the rocks to be an in ter -
lock ing mo saic of very fine to cryp to crys tal line quartz and feld -
spar grains, but shard out lines pre served in a few thin sec tions
sug gest that these were origi nally welded ash fall tuffs.  The
coars est li tholo gies in the lower mem ber are fine- grained ash -
flow tuffs con tain ing en doge nous vol canic frag ments up to 2.5
cm long.  A few crys tal tuffs have been ob served, mostly in the
Jim mey Moun tain and Stet son Moun tain quad ran gles to the
north of the study area, and in the Bow ers Moun tain quad ran gle
to the west.  These con tain mi cro phe no crysts of euhe dral quartz
and feld spar up to 1.5 mm long, some of which are par tially re -
sorbed by the cryp to crys tal line ma trix.  No pri mary fer ro mag ne -
sian min er als have been iden ti fied, but some of the greener
va rie ties con tain sig nifi cant amounts of chlo rite.  Small ac cre -
tion ary lap illi and flat tened pum ice frag ments oc cur in the
coarser tuffs.

Man ganif er ous chert and mudstone oc cur dis con tinu ously
through out the Mi ramichi ter rane of east ern Maine near what ap -
pears to be the con tact be tween the lower and up per mem bers,
but ex po sures are not good enough to allow its use as a marker
within the Dill Hill quadrangle.  Say res (1986) had more suc cess
just to the north, and was able to trace com plex early folds out -
lined by this horizon.

The Pub lic Lot Ridge mem ber, ex posed mostly on Pub lic
Lot Ridge in the ad ja cent Stet son Mountain 7.5’ quad ran gle,
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con tains a more var ied litho logic as sem blage in clud ing large
vol umes of vol cano genic me tasedi men tary rock.  Vol canic rock
types in the up per mem ber in clude cryp to crys tal line to fine-
 grained de vit ri fied ash fall tuffs that are iden ti cal to those in the
Tol man Hill mem ber.  These are in ter ca lated with some what
coarser- grained mi cro por phy ries (clasts up to 4 mm), vol canic
ag glom er ates with fel sic vol canic frag ments set in a tuf fa ceous
ma trix, clast- supported con glom er ates simi lar to the ag glom er -
ates but with a clas tic ma trix, and lenses of car bo na ceous pe lite.

Small vol umes of ma fic vol canic rock are also pres ent in
the Pub lic Lot Ridge mem ber.  Fine- grained ba sal tic flows have
been mapped at two lo cali ties on Pub lic Lot Ridge, and thick ba -
salt flows and ba sal tic crys tal tuffs crop out at the ap pro pri ate
stra tigraphic level in the east ern part of the Mi ramichi ter rane in
the Tomah Moun tain quad ran gle.

Vol canic chem is try:  Chemi cal analy ses (Say res, 1986)
show that most of the Stet son Moun tain vol canic rocks are rhyo -
lites and rhyo dac ites (Ta ble 1) with some ba salts and one ba sal tic 
an des ite (Ta ble 2).  These data may not be com pletely un bi ased,
since highly frag men tal (al tered) rocks, rocks rich in chlo rite,
and those con tain ing fer roan car bon ates were not sam pled for
fear of con tami na tion.  Pre limi nary analy ses of trace and rare
earth ele ments sug gests an is land arc ori gin for the Stet son
Moun tain rocks.

Thick ness:  If the erup tive en vi ron ment of the Stet son
Moun tain For ma tion was like that of mod ern is land arcs, with
sub aer ial vol canic edi fices sepa rated by shal low seas and the
gaps filled by vol cani clas tic de bris, ash de pos its, and eux inic
strata, layer cake stra tigra phy would not be ex pected and thick -
ness would be very dif fi cult to de ter mine.  The for ma tion is mul -
ti ply folded and, in ad di tion, the lower con tact is dis rupted by
shear ing against the Bow ers Moun tain Formation and the up per
con tact is re moved at the faulted or un con form able con tact with
the over ly ing Sam Rowe Ridge For ma tion.  Thus, al though the
areal ex tent and steeply dip ping at ti tude of the Stet son Moun tain
For ma tion sug gest a sig nifi cant thick ness, the best es ti mate at
this time is a few thou sand me ters.

Age and Cor re la tion of units in the Mi ramichi ter rane.  The
Mi ramichi ter rane con tin ues from Maine into south west ern New 
Bruns wick, where Pick er ill and Fy ffe (1999) di vide it into a
lower me tasedi men tary com po nent (the Wood stock Group)
over lain con forma bly by a domi nantly vol canic com po nent (the
Me duc tic Group; Ta ble 3).  Unit- for- unit cor re la tion ap pears
straight for ward, and Pick er ill and Fy ffe have adopted the Maine
name “Bas ka he gan Lake For ma tion” for their old est me tasedi -
men tary rocks, but the age of the Stet son Moun tain For ma tion
pres ents some prob lems.

Hopeck (1994) showed that all units of the Mi ramichi ter -
rane in Maine sup plied de tri tus to a late Or do vi cian through mid -
dle Si lu rian clas tic wedge that pro graded west ward into the
Aroostook- Matapedia ba sin.  There fore, depo si tion (and de for -
ma tion) of the Mi ramichi rocks must have been com pleted by
late Caradocian- Ashgillian times.  No fos sils have been found in
the Bas ka he gan Lake or Bow ers Moun tain For ma tions in Maine, 

but their cor rela tives in New Bruns wick have been more pro duc -
tive.  Pickerill and Fyffe (1999) reported that ichnofossils in
southwestern New Brunswick imply a Tremadocian age for the
upper, green member of the Baskahegan Lake Formation, and
that the the lower member is probably Late Cambrian through
Early Tremadocian.  Arenigian graptolites in the overlying
Bright Eye Brook Formation in New Brunswick (see Table 3)
provide an age for the correlative Bowers Mountain Formation
and a minimum age for the Baskahegan Lake Formation.

There is some dis crep ancy between ages re ported for the
vol canic part of the Mi ramichi ter rane in Maine and south west -
ern New Bruns wick.  Grap to lites from black sul fidic shales in
Maine, re port edly from a ho ri zon within what is now called the
Stet son Moun tain For ma tion, yielded a “Cara do cian age” (Lar -
ra bee and oth ers, 1965).  Pick er ill and Fy ffe in fer that litho logi -
cally and chemi cally simi lar vol canic rocks in New Bruns wick
must be older than the Early Cara do cian Belle Lake For ma tion,
and there fore pre suma bly Llan vir nian-Llan deil lian.  This
problem is complicated further by the fact that interbedded grits
and black shales of the Belle Lake Formation in the New
Brunswick Miramichi sequence (Venugopal, personal
communication) are identical to the Mill Prive ledge Brook
Formation in the Potter Hill 7.5' quadrangle NW of Dill Hill that
Hopeck (1994) showed contains clasts of the Stetson Mountain,
Bowers Mountain, and Baskahegan Lake For ma tions and was
thus considered to lie unconformably above the Stetson
Mountain Formation.

Al though these de tails re main to be re solved, there is lit tle
doubt that the Mi ramichi terrane rep re sents a Cam brian(?)-ea rl -
iest Or do vi cian sili ci clas tic tur bid ite and eux inic slate en vi ron -
ment fol lowed by early through mid dle Or do vi cian vol canic arc
erup tive rocks.

Far ther north east ward in the Ca na dian Mi ramichi ter rane, 
the Mi ramichi Group of cen tral and north east ern New Bruns -
wick cor re sponds to the Bas ka he gan Lake and Bow ers Moun -
tain For ma tions.  The over ly ing Teta gouche Group vol canic
rocks in those ar eas are slightly younger than the Me duc tic
Group, and re flect a back- arc set ting rather than the arc it self.  To
the north west in Maine, simi lar stra tigraphic se quences were de -
scribed in the Weeksboro- Lunksoos Lake an ti cli nor ium (Neu -
man, 1967), the near est pre- Silurian tract to the north west, and in 
the Munsungun- Winterville an ti cli nor ium in north ern Maine
(Hall, 1970).

Aroostook- Matapedia ter rane

Aroostook- Matapedia strata in the cen tral and north-
 central parts of the Dill Hill quad ran gle are as signed to the Sam
Rowe Ridge For ma tion, one of four clas tic units that com prise
the Pren tiss Group of Hopeck (1994).  He  in ter preted the Pren -
tiss Group as representing a proxi mal fa cies eroded from the ad -
ja cent Mi ramichi ter rane (see Fig ure 4).  The other three units
(Mill Prive ledge Brook, Dag gett Ridge, and El len Wood Ridge
For ma tions) crop out ex ten sively in the Bow ers Moun tain and
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Jimmey Moun tain quad ran gles to the west and north, where they 
were de fined by Hopeck (1991, 1994).  See Hopeck (1994) for
de tailed de scrip tions of the Pren tiss Group and its re la tion ship to
the dis tal Carys Mills and Smyrna Mills For ma tions with which
it in ter fin gers to the west.  Strata west of the Stet son Moun tain

fault con tain in ter bed ded feld spathic sand stone and pe lite with
mi nor ar gil la ceous mic ritic limestone, and are also as signed to
the Sam Rowe Ridge For ma tion.  Simi lar rocks are also found in
the east ern parts of the Smyrna Mills and Carys Mills out crop
belts; the rocks west of Stet son Moun tain may rep re sent a fa cies
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Ta ble  1 :  Chemi cal analy ses of Stet son Moun tain For ma tion fel sic vol canic rocks,
from Dill Hill, Jim mey Moun tain, and Bow ers Moun tain 7.5' quad ran gles (from Say res, 1986).

Wt. % 1 2 3 4 5 6 7 8 9 10

SiO2 58.5 62.1 62.2 32.6 34.5 66.0 68.6 69.9 70.1 70.1

TiO2 0.52 0.65 0.73 0.76 0.58 0.52 0.46 0.41 0.41 0.40

Al2O3 15.0 16.2 14.0 15.1 15.8 13.5 14.0 14.0 13.6 14.0

Fe2O3
* 9.78 6.42 7.36 6.49 5.31 5.09 4.49 4.68 3.12 4.63

MnO 0.24 0.09 0.19 0.35 0.07 0.24 0.22 0.13 0.15 0.13

MgO 4.33 2.31 3.70 2.19 1.80 3.36 1.72 1.00 0.74 0.97

CaO 1.91 1.42 2.33 2.77 1.49 4.38 0.84 0.60 2.44 0.58

Na2O 5.26 2.51 2.50 2.20 3.75 1.18 2.25 2.25 3.13 2.29

K2O 0.12 3.87 2.20 3.34 3.08 1.35 4.95 4.44 2.11 4.44

P2O5 0.11 0.13 0.25 0.27 0.12 0.22 0.15 0.09 0.07 0.08

LOI 4.16 3.62 4.39 3.47 3.16 3.85 1.93 1.93 3.93 2.16

To tal 100.1 100.0 100.2 99.8 100.4 100.3 100.0 100.1 100.1 100.4

ppm

Cr 90 60 30 20 50 20 10 20 10 20

Rb 20 140 80 90 110 50 90 130 70 130

Sr 250 140 1190 390 280 370 520 170 330 180

Y <10 10 30 30 20 30 20 30 20 50

Zr 60 120 130 70 150 120 110 160 50 150

Nb 10 20 20 10 10 20 20 20 10 20

Ba 170 5690 1180 1510 6150 5170 2930 5700 2530 5560

Wt.% 11 12 13 14 15 16 17 18 19 20

SiO2 70.3 71.0 72.6 73.2 73.3 74.6 76.4 76.6 77.0 77.0

TiO2 0.53 0.36 0.38 0.20 0.36 0.35 0.19 0.32 0.18 0.23

Al2O3 14.9 13.5 12.9 11.1 14.4 12.3 11.8 11.6 11.6 11.6

Fe2O3
* 4.26 4.98 3.17 1.68 2.73 3.73 1.87 1.66 1.78 1.55

MnO 0.12 0.07 0.08 0.13 0.05 0.04 0.07 0.08 0.06 0.09

MgO 1.11 1.01 1.40 0.51 0.88 0.85 0.67 0.46 0.67 0.66

CaO 0.76 0.57 1.45 3.85 0.17 0.07 0.47 1.60 0.48 1.40

Na2O 1.49 2.93 1.46 1.70 2.80 3.78 5.60 3.25 5.56 1.46

K2O 3.78 3.00 3.53 2.55 2.85 2.44 1.18 1.77 1.10 3.08

P2O5 0.13 0.10 0.09 0.04 0.07 0.07 0.04 0.05 0.04 0.04

LOI 2.62 2.31 2.77 5.08 2.16 1.77 1.77 2.47 1.62 2.85

To tal 100.2 100.3 100.1 100.3 100.1 100.3 100.3 100.1 100.3 100.2

ppm

Cr 10 20 20 10 20 30 20 20 20 10

Rb 130 110 90 100 110 70 60 70 50 120

Sr 350 130 440 350 50 90 720 200 730 160

Y 30 40 20 50 30 20 20 10 20 30

Zr 140 110 90 130 60 140 100 100 80 100

Nb 20 <10 30 10 20 20 10 10 20 10

B
a

127
0

364
0

156
0

119
0

276
0

210
0

109
0

148
0

102
0

205
0* To tal iron ex pressed as fer ric iron (Fe2O3).



tran si tional be tween the proxi mal to in ter me di ate (Sam Rowe
Ridge) and dis tal (Smyrna Mills and Carys Mills) fa cies.

Sam Rowe Ridge For ma tion (Ssr)

Mapped con tacts and F1 hinge sur faces in rocks of the Mi -
ramichi terrane are trun cated east of Stet son Moun tain and in the
cen tral part of the quad ran gle by an ex ten sive area of regu larly
in ter bed ded fine to medium- grained clas tic rocks.  These are
separated by only the narrow band of volcanic rocks on Stetson
Mountain from identical rocks mapped by Hopeck (1991) in the

adjacent Potter Hill quadrangle as the type locality of the Sam
Rowe Ridge For ma tion.  They are there fore in ter preted to be an
out lier of the Sam Rowe Ridge For ma tion.  Chlo rite grade ex po -
sures domi nate in all but the south ern most part of the out lier,
where bio tite is evi dent in the outer part of the con tact aure ole
sur round ing the Bot tle Lake plu ton.

The Sam Rowe Ridge For ma tion in the Dill Hill quad ran -
gle con sists mostly of regu larly and thinly bed ded, gray to
chalky white weath er ing, fine- to medium- grained sand stones
in ter ca lated with me dium gray weath er ing non- pyritiferous pe -
lites.  Beds range in thick ness from 2 cm to al most a me ter, al -
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Ta ble 2 :  Com po si tion of ma fic vol canic rocks from the eastern flank of the Mi ramichi Ter rane
(from Say res, 1986).

Wt. % 1 2 3 4 5 6

SiO2 52.0 52.8 53.0 53.9 55.9 57.2

TiO2 1.41 1.35 1.38 1.05 0.97 1.06

Al2O3 17.5 18.2 17.3 19.4 13.0 13.8

Fe2O3
* 11.2 10.1 11.0 9.75 11.7 9.89

MnO 0.12 0.12 0.12 0.11 0.18 0.14

MgO 4.44 4.21 4.36 3.22 5.61 6.03

CaO 6.84 5.03 6.83 4.36 9.87 7.58

Na2O 4.66 4.65 4.59 6.51 1.38 2.12

K2O 0.62 0.83 0.55 0.55 0.42 0.21

P2O5 0.32 0.25 0.33 0.24 0.16 0.27

LOI 0.85 2.70 0.62 1.23 0.93 1.77

To tal 100.1 100.4 100.2 100.4 100.2 100.2

ppm

Cr 40 40 40 30 150 180

Rb 20 30 40 20 20 <10

Sr 280 360 290 260 380 240

Y 27 30 40 24 20 29

Zr 150 170 140 130 70 100

Nb 20 30 20 30 30 40

Ba 240 410 240 380 200 190

ppm

La 24.7 13.8 20.1

Ce 49.3 30.2 39.4

Pr 6.30 4.12 5.10

Nd 27.1 17.4 21.8

Sm 5.60 3.90 4.20

Eu 1.45 1.05 1.22

Gd 5.80 4.20 4.80

Tb 0.80 0.60 0.70

Dy 5.40 4.20 5.00

Ho 1.10 1.00 1.10

Er 3.10 2.80 3.40

Tm 0.30 0.30 0.40

Yb 2.90 2.60 3.00

Lu 0.6
4

0.6
2

0.6
3

* To tal iron ex pressed as fer ric iron (Fe2O3).



though most are in the range of 5-15 cm.  Sand stone to pe lite
ra tios are gen er ally 1:1, par ticu larly in the thin ner beds, but ho ri -
zons domi nated by sand stone or pe lite are also com mon, ap par -
ently dis trib uted ran domly through out the sec tion.  Graded
bed ding is nearly ubiq ui tous and is com monly ac com pa nied by
small load casts and flame struc tures.  A few bur rows and bur row 
net works are par al lel to bed ding in fine- grained sand stones and
silt stones, and were in ter preted as feed ing tracks by Ron Pick er -
ill (per sonal com mu ni ca tion, 1984).

The sand stones are ar gil la ceous wackes that range in com -
po si tion from quartzo- feldspathic (gray weath er ing) to highly
feld spathic (chalky weath er ing).  Lithic frag ments are rare,
proba bly be cause of the small clast size.  Most sand stones in the
out lier east of Stet son Moun tain are non- calcareous, but some
just west of the quad ran gle have enough car bon ate ce ment to ef -
fer vesce slightly.  Small (1-2 mm) orange- brown weath er ing
rhombs al tered from pri mary an ker ite or sid er ite are pres ent in
sand stones and pe lites.  Pe li tic parts of graded sets are com monly 
me dium to dark gray on their weath ered sur faces.  A few dark
gray to black, rusty- weathering pe li tic beds were found in lum -
ber road ex po sures on the western slope of the un named hill that
domi nates the out lier in the north- central part of the quad ran gle. 
These are uniquely rich in man ga nese ox ides and hy drox ides,
and some have de vel oped a man ganif er ous crust as thick as 2.5
cm since be ing ex posed by road con struc tion.

A few dis tinc tive rock types are in ter spersed ir regu larly
through out the out lier and main body of the Sam Rowe Ridge
For ma tion, in clud ing lime stone, con glom er ate, and vol canic
rocks.  Most oc cur in sin gle beds or ho ri zons too thin to be
mapped at quad ran gle scale, but a few are ex ten sive enough to be 
shown.  At tempts to use these ho ri zons as mark ers have been
frus trated by poor out crop con trol.

Con glom er ate, vol cani clas tic con glom er ate or ag glom er -
ate, and vol canic rocks are ex ten sive enough to be map pa ble in
the Dill Hill out lier.  These coarse- grained rocks oc cur in mas -

sive beds up to 2 m thick, lo cally in ter ca lated with chalky weath -
er ing pe lite.  Rounded clasts rang ing from peb bles to small cob -
bles are set in a sand or silt ma trix.  Con glom er ates weather
chalky white to a pale orange- tinted buff, re flect ing their var ied
feld spar and vol canic clast con tents.  Many of the clasts are of
fel sic vol canic rock, oth ers of quart zose sand stone; Hopeck
(1994) showed that these were eroded from the ad ja cent Stet son
Moun tain and Bas ka he gan Lake For ma tions in the Jimmey
Mountain and Potter Mountain 7.5' quadrangles north and
northwest of Dill Hill.  Clast pro por tions vary mark edly within
the nar row out crop band of these con glom er ates.  Some con -
glom er ate ma trix has a green ish gray, highly cal care ous com po -
nent, and two brachio pod valves were dis cov ered in one of these
rocks in the north- central part of the quad ran gle.  Hopeck (1994)
re ported other con glom er ates in the main body of the for ma tion
that are domi nated by in tra for ma tional clasts, many of which
were not com pletely con soli dated dur ing their depo si tion.  These 
have not been ob served in the Dill Hill out lier.

Fine- grained ash fall tuffs and coarser crys tal and lithic
tuffs of fel sic com po si tion oc cur in the main body of the Sam
Rowe Ridge For ma tion, along with a few chlo ritic (ma fic) tuffs. 
Lenses and a horizon of gray ish green ash fall tuff have been
mapped near the western margin of the Dill Hill outlier in an area
of extremely poor ex po sure.  It is very simi lar to tuffs in the Stet -
son Moun tain For ma tion, but in the ab sence of con clu sive evi -
dence to the con trary, the sim plest struc tural in ter pre ta tion has
been ap plied and these rocks are as signed to the Sam Rowe
Ridge For ma tion.

Gray, ar gil la ceous mic ritic lime stone crops out in sev eral
places in the main body of the for ma tion.  It has not been iden ti -
fied within the Dill Hill out lier, al though some is ex posed in the
main east- west ac cess road in the north east ern cor ner of the
Bow ers Moun tain quad ran gle just west of Stet son Moun tain.  

Thick ness:  Nei ther up per nor lower con tact of the Sam
Rowe Ridge For ma tion has been ob served in the study area, al -
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Ta ble 3:  Cor re la tion of Mi ramichi units in Maine and south west ern New Bruns wick
(Picker ill and Fy ffe, 1999).  As ter isks in di cate fos sil age con trol.

Age Maine (this pa per) SW New Bruns wick

Early Caradoc * Belle Lake For ma tion

? * Stet son Moun tain Formation
  Oak Moun tain For ma tion

  Eel River For ma tion

  Por ten Road For ma tion

Early Arenig Bow ers Moun tain Formation * Bright Eye Brook For ma tion

Early Tre ma doc
Cambrian

Bas ka he gan Lake Formation * Bas ka he gan Lake For ma tion

p
u

or
G ci tc

u
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e
M

p
u
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G kc
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d
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o
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though it is clear that the lower con tact trun cates struc tural fea -
tures of the un der ly ing Mi ramichi strata.  A com plete sec tion is
map pa ble, how ever, in the ad ja cent Pot ter Hill and Jim mey
Moun tain 7.5’ quad ran gles, sug gest ing a thick ness of ap proxi -
mately 2,000 m.

Age and cor re la tion:  Hopeck (1994) dem on strated that the
Pren tiss Group is a thick clas tic wedge eroded from the Mi -
ramichi ter rane and spread west ward into the Aroostook-
 Matapedia ba sin.  Clasts from units of the Mi ramichi ter rane are
found through out the wedge.  This, cou pled with its sim pler
struc tural his tory, in di cates that the Sam Rowe Ridge For ma tion
was de pos ited af ter fold ing and ero sion of the Mi ramichi ter rane
– no ear lier than in mid dle Cara do cian times.

Nei ther the brachio pods nor ichno fos sils men tioned above
yielded spe cific ages for the for ma tion.  The bur rows were at trib -
uted to a deep wa ter en vi ron ment, but oc cur through out the
lower Pa leo zoic (R. Pick er ill, per sonal com mu ni ca tion).  In the
ab sence of fos sil con trol, the age of the Sam Rowe Ridge For ma -
tion is based on its re la tion ship with well- dated rocks on strike to
the north.  Hopeck traced the for ma tion west ward through a tran -
si tional fa cies into lime stones and slates that he was able to trace
north ward into the Houl ton area where Pav lides (1974) first
named the Carys Mills and Smyrna Mills For ma tions.  The Carys 
Mills For ma tion is gen er ally viewed as Ash gil lian through Llan -
do verian, the Smyrna Mills Formation as Wen lockian (see Os -
berg and oth ers, 1985), so that a late Or do vi cian through early
Si lu rian age is in ferred for the Pren tiss Group.

STRUCTURAL  GEOLOGY

A com plex de for ma tion his tory is in ter preted for rocks of
the Dill Hill quad ran gle, in clud ing two epi sodes of fold ing fol -
lowed by brit tle fault ing (Fig ure 5).  Out crops in the south ern
part of the quad ran gle are abun dant enough to dem on strate that
rocks of the Mi ramichi terrane ex pe ri enced both epi sodes of
fold ing, but are not suf fi cient to re con struct even the large- scale
early struc tures.  These early re clined to re cum bent folds (F1)
have been folded by up right, open, NNE- trending struc tures (F2) 
through out the Mi ramichi ter rane in Maine.

In con trast, the Sam Rowe Ridge For ma tion rec ords only
the F2 struc tures.  The NNE- trending Stet son Moun tain fault
zone sepa rates the Aroostook- Matapedia and Mi ramichi ter -
ranes in the north west cor ner of the study area, clearly trun cat ing 
con tacts and both gen era tions of folds.  The fault con tact is map -
pa ble along strike to where it is ap par ently intruded by the
Pokiok plu ton to the north and the Bot tle Lake plu ton to the
south.  A ma jor topo graphic linea ment in the north- central and
cen tral parts of the quad ran gle cor re sponds with an other se ries
of trun ca tions – in this in stance of F1 hinge sur faces – and is in -
ter preted as a re lated fault.  These relationships are shown in the
structural cross-sections on the ac com pa ny ing geo logic map.

F1 fold ing

The ex is tence of large- scale F1 folds within the Mi ramichi
ter rane has been in ferred from sev eral lines of evi dence.  Traces
of F1 hinge sur faces can be iden ti fied by re ver sals in graded bed -
ding, but have been modi fied by the F2 up right fold ing.  For ex -
am ple, the roughly east- trending F1 hinge sur face of one ma jor
early fold can be traced across most of the south ern part of the
quad ran gle, its limbs out lined by the con tact be tween the Bas ka -
he gan Lake and Bow ers Moun tain For ma tions.  Re ver sals in fac -
ing in the Bas ka he gan Lake For ma tion also indicate mesoscopic
folds whose hinge sur faces are warped around F2 axes.  Graded
bed ding in di cates that some of the outcrop- scale F1 folds are in -
verted and oth ers right- side up (Fig ure 6); in a tan ta liz ing few
places, this al lows an early hinge sur face to be mapped for as
much as a kilo me ter.  

The distinctive closely and regularly spaced pres sure-
solution cleavage characteristic of Baskahegan Lake Formation
sandstones is axial planar to outcrop- scale F1 folds throughout
the Miramichi terrane in eastern Maine, and is itself folded by F2

folds in the Dill Hill quad ran gle.  These folds ex hibit a range of
at ti tudes, from near- vertical to sub- horizontal plunges, NE to
E-W trends, up right to nearly recumbent hinge sur faces.  NNE-
 trending F2 cleav age cuts F1 cleav age and both limbs of F1 folds.  
Map pa ble folds within the study area (Fig ure 7) and re gional
scale fea tures mapped  in ad ja cent quad ran gles sug gest the pres -
ence of large- scale folds in Mi ramichi strata that were origi nally
re clined to re cum bent.

Fac ing evi dence and out crop pat tern dem on strate the ef -
fects of F1 fold ing on the Bas ka he gan Lake and Bow ers Moun -
tain For ma tions, but data from the Dill Hill quad ran gle alone are
not enough to prove that the Stet son Moun tain For ma tion was
also in volved.  Con clu sive evi dence is found in the Baker Ridge
area near Dan forth where typi cal Stet son Moun tain ash fall tuffs
re veal both epi sodes of fold ing (Say res, 1986).

F2 fold ing

Rocks of the Pren tiss Group rec ord a much sim pler de for -
ma tional his tory than those of the Mi ramichi ter rane.  Up right,
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 Mid-Silurian-Early      F2 
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  (Acadian orogeny)      folding 
 
         F1 
 Middle Ordovician     recumbent 
      (Caradocian)            folding 

Fig ure 5.  De for ma tion his tory of the Dill Hill 7½’ quad ran gle



typi cally open F2 folds found in the Sam Rowe Ridge out lier can
be traced south west ward into the Bas ka he gan Lake Formation,
where they de form the ear lier F1 hinge sur faces.  Hinge sur faces
of these F2 folds trend 010- 020 through out the Dill Hill quad ran -
gle, in rocks of both the Mi ramichi terrane and the Pren tiss
Group.  Mi nor F2 folds plunge gen tly to both north east and
south west, and in the Sam Rowe Ridge For ma tion are char ac ter -
ized by a very strongly pene tra tive ax ial plane cleav age.  This
cleav age is the domi nant pla nar fea ture in ho mo ge ne ous pe li tic
parts of the Sam Rowe Ridge Formation, oblit er at ing bed ding in
most ex po sures.  Bed ding is bet ter pre served in in ter bed ded slate 
and sand stone se quences, enhanced by dif fer en tial weath er ing,
and bedding- cleavage in ter sec tions are abun dant.

Outcrop- scale folds are un com mon, but the ge ome try of F2

folds is best il lus trated by ex cel lent ex po sures of the Sam Rowe
Ridge For ma tion on the un named hill near the north- central edge 
of the quad rangle.  Re ver sals of fac ing di rec tion sug gest that the
wave length of F2 folds in the Sam Rowe Ridge For ma tion is on
the or der of a few hun dred me ters (see Fig ure 7 and the geologic
map).

Fault ing

Ef fects of shear ing have been ob served through out much
of the out crop belt of the Bas ka he gan Lake For ma tion and lo -
cally at the Bas ka he gan Lake–Bow ers Moun tain and Bow ers
Moun tain–Stet son Moun tain con tacts.  Most of these ap pear to
have re sulted from com pe tence con trasts rather than sig nifi cant
tec tonic ac tiv ity, and none can be mapped in outcrop at 1:24,000
scale.  How ever, the two promi nent NNE- trending linea ments
shown in Fig ure 3 co in cide with trun ca tions of both F1 and F2

struc tures, con tain abun dant cata cla site and brec cia, and are in -
ter preted as late- stage brit tle faults.  Fault- related fea tures in -
clude fine- to very fine- grained cata cla site de rived mostly from
the Stet son Moun tain vol can ics and mas sive Bas ka he gan Lake
wackes; phyl lo nite de rived from Sam Rowe Ridge pe li tic ho ri -
zons, es pe cially on the western flank of Stet son Moun tain; a
pene tra tive fo lia tion shown in the north west cor ner of the quad -
ran gle; and zones of brec cia tion and quartz vein ing.

The fault on the western flank of Stet son Moun tain in the
north western cor ner of the quad ran gle has been named the Stet -
son Moun tain fault (Lud man, 1991).  This struc ture can be
mapped con tinu ously from the Bow ers Moun tain quad ran gle,
west of the study area, into the north west cor ner of the Dill Hill
quad ran gle, and far ther north ward through most of the Stet son
Moun tain and Jim mey Moun tain quad ran gles.  Fault- produced
fo lia tion and bands of cata cla site dip steeply to the north west.
The Stet son Moun tain fault de line ates the east ern most limit of
the Aroostook- Matapedia ter rane, with the ex cep tion of the Sam
Rowe Ridge out lier in the north- central part of the study area
(see be low).  A nor mal, west side- down sense of mo tion is sug -
gested for the fault, based on the in ter pre ta tion that the out lier
was origi nally con nected with the type lo cal ity of the Sam Rowe
Ridge For ma tion.
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Fig ure 7.  Map pa ble F1 and F2 hinge sur faces in the Dill Hill 7.5’ quad -
ran gle.

A 

B 

Fig ure 6.  Up right (A) and in verted (B) F1 syn clines in the Bas ka he gan
Lake For ma tion.  Knife blade in (A) in di cates both plunge and fac ing
di rec tion in in ter bed ded coarse and fine- grained sand stones.  Knife
blade in (B) points in di rec tion of steep fold plunge; the sand stone bed
on which it is ly ing faces in the op po site di rec tion.  

F1 hinge sur faces

F2 hinge sur faces



The other, un named, fault in the north- central part of the
quad ran gle ter mi nates south ward at the con tact with the Bot tle
Lake plu ton and passes north ward into an area of very poor ex -
po sure (even for the Dill Hill quad ran gle).  Fine- grained cata cla -
site and abun dant quartz veins in Bas ka he gan Stream con firm
the pres ence of a brit tle fault with a steep north west dip and help
ex plain the ap par ent trun ca tion of F1 struc tures by the topo -
graphic lineament.  Nor mal west-side- down move ment is in -
ferred for this fault be cause of its simi lar ori en ta tion and
de for ma tion me chan ics, but the map pat tern is not so con clu sive
as it is for the Stet son Moun tain fault.

Two other faults, par al lel to and proba bly re lated to the first 
two men tioned, are in ferred from trun ca tion of formation- rank
con tacts west of Dip per Pond in the south west ern part of the
quad ran gle.  These faults do not have so well- defined a topo -
graphic ex pres sion, al though they are mapped through a se ries of 
aligned stream val leys.  Other brit tle faults with simi lar ori en ta -
tion have been mapped in the Bow ers Moun tain and Spring field
quad ran gles (Hopeck, 1994).

Tim ing of de for ma tion events

F1 is con strained to be younger than  the mid dle Cara do cian 
age of the young est rocks af fected by the de for ma tion (Stet son
Moun tain For ma tion), but older than the inferred Ashgillian age
of the first rocks deposited after that event (basal Daggett Ridge
and Mill Priveledge Brook For ma tions).  A late Cara do cian age
is in di cated.  F2 must be younger than the Wen lockian age of the
Smyrna Mills For ma tion, but older than the Early De vo nian em -
place ment of the Pokiok plu ton that trun cates F2 struc tures.  A
late Si lu rian through early De vo nian sce nario is pos si ble.  The
Stet son Moun tain fault is younger than F2, but ap par ently older
than the ca. 380 Ma em place ment age of the Bot tle Lake plu ton,
i.e., also late Si lu rian through early De vo nian.

Con tact re la tion ships be tween the Mi ramichi and Aroostook-
 Matapedia ter ranes

Hopeck (1991, 1994) demonstrated a sedimentary linkage
between these two terranes, based on the identification of
Miramichi clasts in the Prentiss Group and the interfingering of
the Prentiss Group with limestones and pelites of the
Aroostook-Matapedia terrane.  North and west of the Dill Hill
quadrangle, coarse proximal conglomerates of the Daggett
Ridge Formation pass westward into Sam Rowe Ridge
sandstone/pelite interbeds, supporting his facies interpretation. 
The Sam Rowe Ridge rocks in the north-central part of the Dill
Hill quadrangle are problematic because they rest directly on
their Miramichi source rocks without the intervening Daggett
Ridge or Mill Prive ledge Brook For ma tions that crop out
extensively immediately to the north of the study area.

The south ern con tact of the Sam Rowe Ridge For ma tion
clearly trun cates for ma tion con tacts within the Mi ramichi ter -
rane in the Dill Hill quad ran gle.  This re la tion ship could have re -

sulted from ei ther an an gu lar un con for mity in an area where the
Mill Priveledge Brook For ma tion was not de pos ited or from a
thrust fault that trans ported Sam Rowe Ridge rocks east ward and 
onto ele vated Mi ramichi source rocks and was sub se quently
modi fied by up lift on the east ern side of the Stet son Moun tain
fault zone.  Seis mic re flec tion data re veal at least one east-
 directed thrust in volv ing Aroostook- Matapedia rocks just west
of the Dill Hill area (Doll and oth ers, 1989, 1996) and a late, gen -
tly west- dipping cleav age in Carys Mills lime stones near their
con tact with pe lites in the Spring field quad ran gle (Lud man, un -
pub lished data) is ten ta tively at trib uted to a sec ond thrust. 

Un for tu nately, the con tact be tween the ter ranes is not ex -
posed in the study area, leav ing the prob lem un re solved.  There
is no di rect evi dence of a fault – nei ther the late west- dipping
cleav age cited above nor cata clas tic fabric – sug gest ing that the
un con for mity model is more ap pro pri ate.  If cor rect, this im plies
a modi fi ca tion of fa cies re la tion ships in the Pren tiss Group (Fig -
ure 8).

INTRUSIVE  IGNEOUS  ROCKS

Hills along the southern edge of the Dill Hill quadrangle
are underlain by granite assigned by Ayuso (1984) to the Bottle
Lake plutonic complex, one of the largest intrusive bodies in
eastern Maine (Osberg and others, 1985).  Ayuso divided the
complex into two major phases, the Whitney Cove pluton to the
east and the slightly younger Passadumkeag River pluton to the
west, with distinctions made by higher ferromagnesian mineral
content and abundant hornblende in the latter.  Most granite in
the Dill Hill quadrangle, and almost all exposures in the
Washington County por tion of the area, was designated by
Ayuso as belonging to a rim facies of the Whitney Cove pluton. 
Out crops in the southwestern corner of the quadrangle, on the
south slope of Bowers Mountain and the north-facing slope of
hills to the south were attributed to a rim facies of the
Passadumkeag River body. 

Three tex tur ally and min era logi cally dif fer ent gran ite va -
rie ties were iden ti fied dur ing this study, two of which cor re -
spond to Ayuso's (1984) cate go ries.  The third, a unique
por phy ritic type, is thought to be a bor der phase of the Pas sad -
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Fig ure 8.  In ferred re la tion ships be tween Aroostook- Matapedia and
Mi ramichi ter ranes ac cord ing to an un con for mity model.  Re la tion ships 
in the Dill Hill quad ran gle are in di cated by the dashed rec tan gle.



um keag River plu ton (see ac com pa ny ing geo logic map).  The
Whit ney Cove plu ton in trudes and/or ther mally meta mor phoses
the Bas ka he gan Lake and Bow ers Moun tain For ma tions in the
study area and ther mally meta mor phoses the Sam Rowe Ridge
For ma tion al though it is not in con tact with it at the sur face.  The
Pas sad um keag River plu ton in trudes the Bow ers Moun tain and
Stet son Moun tain For ma tions within the study area and was in -
ter preted by Ayuso (1984) as also trun cat ing the Whit ney Cove
plu ton.  West of the Stet son Moun tain fault in the Bow ers Moun -
tain and Spring field 7.5' quad ran gles, the Pas sad um keag River
plu ton cross- cuts the Sam Rowe Ridge, Smyrna Mills, and Carys 
Mills For ma tions as well, so that it seals the con tact be tween the
Aroostook- Matapedia and Mi ramichi ter ranes.

Whit ney Cove plu ton (Dbwc).  The rim fa cies of the Whit -
ney Cove gran ite is ho mo ge ne ous in the study area, a coarse-
 grained (2-4 cm), pale gray to white weath er ing hornblende-
 biotite gran ite con tain ing pink mi cro cline.  Al bite is com mon,
some what more so than in the De blois plu ton to the south, but is
rarely found as euhe dral crys tals.  In stead, the pla gio clase typi -
cally oc curs as sub he dral to an he dral grains that, along with
quartz, are in ter sti tial among the more abun dant euhe dral mi cro -
cline crys tals.  The fer ro mag ne sian min eral con tent is low, rang -
ing from 10- 15% of the rock.  Bio tite flakes up to 1.5 cm in
di ame ter are by far the most abun dant.  Al though Ayuso (1984)
states that the Whit ney Cove plu ton con tains no horn blende,
trace amounts of that am phi bole have been ob served through out
the body in the Dill Hill quad ran gle.  Apa tite and zir con are the
most com mon ac ces sory min er als, with some py rite lo cally.  No
late- stage aplite or peg ma tite dikes have been ob served at the
con tact with the host rock.

Pas sad um keag River plu ton (Dbpr).  The rim fa cies of the
Pas sad um keag River plu ton in the study area dif fers tex tur ally
from the Whit ney Cove plu ton in be ing coarser grained, typi -
cally 4-6 cm, and con tain ing euhe dral pla gio clase crys tals.  Min -
era logi cally it has a higher fer ro mag ne sian min eral con tent in
which horn blende is more abun dant than bio tite, and al kali feld -
spar and pla gio clase are pres ent in nearly equal amounts.  Al -
though its color in dex is higher, gray to white mi cro cline lo cally
weath ers chalky white, giv ing the rock a lighter ap pear ance than
many out crops of the Whit ney Cove plu ton in which the mi cro -
cline weath ers brick- red.  The only sig nifi cant litho logic varia -
tion ob served in the Pas sad um keag River plu ton in the study area 
is a por phy ritic va ri ety (Dbprp) ex posed near the Mi ramichi con -
tact on the south side of Bow ers Moun tain and on un named hills
south east of Dip per Pond.  Light gray po tas sic feld spar phe no -
crysts 1-1.5 cm long are set in a white, un usu ally fine- grained
ground mass in which round quartz grains stand out promi nently
and abun dant bio tite and horn blende cre ate a salt- and- pepper ap -
pear ance.  This rock is in ter preted as a chilled bor der phase of the 
plu ton.

Age.  Ayuso and others (1984) used U-Pb zircon and Rb-Sr
whole-rock ages to demonstrate that the Whitney Cove pluton
was emplaced at 380 ± 5 Ma.  Es sen tially iden ti cal results were
obtained for the Passadumkeag River pluton.  This also sets the

minimum age for the Stetson Mountain fault as the pluton is not
sheared along the trace of that structure and is therefore
interpreted to have intruded it.

META MOR PHISM

A sharply de fined ther mal meta mor phic aure ole sur rounds
the Whit ney Cove plu ton in the Dill Hill quad ran gle, ex tend ing
2.25 to ap proxi mately 3.25 km north ward from the mapped con -
tact with the me tasedi men tary rocks of the Mi ramichi and
Aroostook- Matapedia ter ranes.  The aure ole was su per im posed
on a re gion that had ex pe ri enced noth ing more in tense than chlo -
rite grade meta mor phism, de spite the mul ti ple de for ma tion his -
tory re corded in the Bas ka he gan Lake, Bow ers Moun tain, and
Stet son Moun tain For ma tions.

Out side the aure ole, the ob served meta mor phic ef fects are
high lighted by crys tal li za tion of abun dant small light green
chlo rite flakes in sand stones and pe lites of the Bas ka he gan Lake
For ma tion.  Chlo rite has also been ob served in ar gil la ceous
wackes and silt stones of the Sam Rowe Ridge For ma tion, but
has not been iden ti fied in the Bow ers Moun tain For ma tion. 
Chlo rite and white mica flakes are weakly aligned par al lel to S1

cleav age in the Bas ka he gan Lake For ma tion psam mites and
more strongly aligned in pe li tic in ter beds in that for ma tion. 
These phyl lo sili cates are kinked and lo cally bro ken in S2 cleav -
age in the Bas ka he gan Lake For ma tion, but there does not seem
to have been a sec ond gen era tion of chlo rite growth dur ing F2,
even though some chlo rite has been iden ti fied in Sam Rowe
Ridge For ma tion pe lites.  The low grade of re gional meta mor -
phism in di cates that both Or do vi cian and Si lu rian de for ma tions
took place at epi zo nal crus tal lev els.

The out er most ther mal ef fects as so ci ated with em place -
ment of the Whit ney Cove plu ton are high lighted by the ap pear -
ance of red- brown bio tite in ar gil la ceous wackes and pe lites in
most units, and by the pres ence of a slightly paler red- brown bio -
tite in Stet son Moun tain vol canic rocks.  The pro nounced color
change from gray or green ish gray to deep “ma roon” color in the
me tasedi men tary rocks per mits easy lo ca tion of the bio tite iso -
grad.  The gra no blas tic tex ture pro duced by ther mal meta mor -
phism o blit er ates most traces of cleav age in the meta-
sedi men tary units, al though in solu ble resi due pro duced dur ing
gen era tion of S1 pres sure so lu tion cleav age is lo cally iden ti fi -
able.  Wackes typi cally be come dense, mas sive grano fel ses in
which origi nal clasts can still be read ily iden ti fied, and fis sile pe -
lite is con verted to very fine- grained grano fels or hornfels.  Bio -
tite grain size in creases from the bio tite iso grad to ward the
plu ton and the higher grade rocks are gen er ally darker pur ple in
color.

The re main der of the aure ole is di vided into two zones, a
broad cord ier ite (+ an da lu site) zone in di cat ing mod er ate con tact
meta mor phism, and a nar row sil lima nite zone im me di ately ad ja -
cent to the plu ton.  Avail able data do not per mit de linea tion of
sepa rate cord ier ite and an da lu site zones, al though cord ier ite ap -
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pears to form some what far ther from the plu ton than the an da lu -
site.  The first ap pear ance of cord ier ite is typi cally as small round 
grains, but these in crease to as much as 1.25 cm in di ame ter in the 
higher grade part of the zone.  An da lu site in the lower grade part
of the zone oc curs as 5 mm long crys tals the shape of rice grains,
but the crys tals be come larger and more elon gate with in creas ing 
in ten sity.  Thin sil lima nite prisms are re stricted to a few ex po -
sures im me di ately ad ja cent to the plu ton.  

This metamorphic zonation, coupled with the low (chlorite
zone) regional grade, indicates a relatively shallow crustal
environment for the study area throughout deformation and
pluton emplacement.  The transition from andalusite to
sillimanite in the Whitney Cove contact aureole requires
pressures lower than that of the aluminosilicate triple point, and
miarolitic cavities in the Pokiok pluton that intrudes the
Miramichi suite a few miles to the east suggest pressures on the
order of 2 kilobars.

ECONOMIC  POTENTIAL

Gold

Freewest Re sources Can ada, Inc. (1998; North ern Miner,
1998) re ported the dis cov ery of gold de pos its in vol canic rock of
the Mi ramichi ter rane in con tact with the Pokiok plu ton just
north east of the study area.  The min er ali za tion ap par ently was
con cen trated in faults that pro vided ac cess for flu ids de rived
from the magma.  A simi lar geo logic set ting is found at the north -
west ern cor ner of the Dill Hill quad ran gle, and on strike to the
south west in the Bow ers Moun tain quad ran gle.  There, pos si bly
cor relative vol canic rocks of the Stet son Moun tain For ma tion
have been sheared in the Stet son Moun tain fault zone and later
in truded by the Whit ney Cove plu ton.

Un for tu nately, this study did not re veal out crop or thin-
 section scale evi dence of gold min er ali za tion.  Some quartz
vein ing is con cen trated in the Stet son Moun tain fault zone, but
no gold has been iden ti fied in these veins.  Geo physi cal or geo -
chemi cal sam pling would be use ful in ex plor ing this po ten tial re -
source more fully, but was be yond the scope of the cur rent
proj ect.

Man ga nese

Some out crops in the Sam Rowe Ridge For ma tion out lier
de velop a thick (up to 3 cm) weath er ing rind com posed largely of 
some what iri des cent black man ga nese ox ides and hy drox ides. 
These oc cur rences are scat tered through the for ma tion, with out
ap par ent stra tigraphic con trol, and do not ap pear to be vo lu mi -
nous enough to jus tify more de tailed ex ami na tion.  Simi lar de -
pos its in the Aroostook- Matapedia ter rane far ther north were
in ves ti gated by the U.S. Geo logi cal Survey in the 1950's, but
were never de vel oped.

Sand and gravel

The most prom is ing re source in the quad ran gle is abun dant 
sand and gravel in gla cio flu vial de pos its that have al ready been
ex ten sively quar ried by the Bas ka he gan and other lum ber com -
pa nies to help build their net work of ac cess roads.  An es ker par -
al lel to the un named linea ment in the east ern part of the
quad ran gle has pro vided large vol umes of sand and gravel, as
have pits in kame- like de pos its in Physio graphic Zones III and
IV (Fig ure 3).
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