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IN TRO DUC TION

The Great Pond 7.5’ quad ran gle lies within Han cock
County of east ern-cen tral Maine be tween 44o52’30” and 45o00’
north lat i tude and 68o15’ and 68o22’30” west lon gi tude. The area 
has been in ten sively gla ci ated and con sists of a few prom i nent
hills and ridges that ex tend north east-south west and reach el e va -
tions as high as 1050 feet (Springy Brook Moun tain in the south -
west part of the quad ran gle). Be tween the high hills and ridges
are low lands, broad plains, swamps, and lakes such as Great
Pond in the north and some smaller ponds scat tered through out
the quad ran gle.  The top o graphic re lief is di rectly re lated to dif -
fer en tial bed rock weath er ing and ero sion; ig ne ous in tru sions
stand high in re lief forming rounded hills and prom i nent ridges,
whereas metasedimentary and sed i men tary rocks are low in re -
lief forming roll ing plains and low lands.

Dense woods cover most of the area and bed rock ex po -
sures com prise less than 2% of the to tal area. The quad ran gle is
sparsely pop u lated with al most all of the pop u la tion scat tered
around the paved road that con nects Route 9 in the south and the
Dow Pines Rec re ation Area near Great Pond in the north. Lum -
ber roads pro vide ac cess to most of the quad ran gle area.

The Great Pond 7.5’ quad ran gle has been mapped pre vi -
ously by sev eral ge ol o gists in clud ing McGregor (1963),
Stoesser (1966), Gilman (1974), Grif fin (1976), Wones (1977,
1980), and Wones and Ayuso (1993). Early work ers iden ti fied
and de scribed ma jor rock types such as metasedimentary rocks,
in tru sive ig ne ous rocks, and unmetamorphosed redbeds. More
re cent work ers fo cused on the gra nitic plutons, such as the Lu -
cerne pluton that oc cu pies nearly one third of the quad ran gle,
and the Norumbega fault sys tem that tra verses the north west part 
of the quad ran gle and ex tends north east ward to east ern Maine
and New Bruns wick and south west ward to south west ern Maine.

The Lu cerne pluton, one of the larg est gra nitic plutons in
Maine with an ex posed area of 625 km2, extends from the Great
Pond area south west ward to Orland Town ship in the Penobscot
Bay area. It has been well mapped and pet ro log i cally and
geochemically stud ied by Wones (1980) and Wones and Ayuso
(1993). How ever, be cause the Norumbega fault sys tem oc curs
right on its north west mar gin, the cur rent un der stand ing of its in -

volve ment in the Norumbega fault ing re mains un clear and
prob lem atic.

The Turner Moun tain syenite, lo cated in the north western
part of the quad ran gle, is an other in ter est ing pluton iden ti fied by
all pre vi ous work ers. It is in ter est ing be cause, firstly, this type of
ig ne ous rock is rare in Maine, and sec ondly, it lies within the
Norumbega fault sys tem. It has been as sumed to be De vo nian in
age with out any ra dio met ric dat ing and be lieved to have been
emplaced prior to the ear li est Norumbega de for ma tion by all
pre vi ous work ers. How ever, no de tailed map ping of this pluton
has ever been car ried out, so there is lit tle in for ma tion con cern -
ing the role it played dur ing Norumbega fault ing, its true re la tion
to the Normbega fault ing, and how it was emplaced.

The Norumbega fault sys tem has been rec og nized re cently
as one of the larg est transcurrent fault zones in the north ern Ap -
pa la chian orogen (Hub bard and oth ers, 1995; Ludman and oth -
ers, 1999). De tailed map ping and stud ies of the fault zone,
how ever, have been con ducted mostly in south and south-cen tral 
Maine where am phi bo lite-fa cies duc tile de for ma tion along the
fault zone dom i nates (Swanson, 1999a, 1999b; West, 1999;
West and Hub bard, 1997; West and Roden-Tice, 2003; Hub bard
and Wang, 1999), and east ern Maine where early me dium-low
greenschist fa cies duc tile de for ma tion and sub se quent mul ti -
stage re ac ti vated brit tle fault ing char ac ter ize the branched fault
zones (Ludman, 1998; Ludman and Gib bons, 1999; Ludman and 
oth ers, 1999; Wang and Ludman, 2003, 2004). Ob vi ously there
is a gap be tween east ern and south-cen tral Maine where the
Norumbega fault sys tem is least mapped and stud ied. This gap is
also a tran si tion be tween the mid dle-crust-level and shal -
low-crust-level de for ma tion re gimes. The Great Pond quad ran -
gle lies within this gap and is es sen tial to un der stand ing the
tran si tion from one de for ma tion re gime to the other.

Al though pre vi ous work ers have iden ti fied and de scribed
the Norumbega fault sys tem in the area, there is dis agree ment on
its ex tent, the protoliths of the faulted rocks, and the na ture of the
fault ing, and many de tails of the fault zone re main un clear. The
map ping and lab o ra tory work in this pro ject can help re veal such
un re solved de tails in a key part of the gap as its struc ture and de -
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for ma tion na ture, and there fore im prove our un der stand ing of
the de for ma tion re gime tran si tion from the mid-crust level of
south-cen tral Maine to the shal low-crust level of east ern Maine.

This USGS STATEMAP pro ject has pro duced a de tailed
map of the rocks within the Great Pond 7.5’ quad ran gle and re -
vises our un der stand ing of the re la tion ships among them.  Pre -
cise map ping and study of the Norumbega fault sys tem in the
north west part of the quad ran gle pro vides new in sights into the
struc tures within the fault sys tem, the in volve ment of the Lu -
cerne pluton and Turner Moun tain syenite in Norumbega de for -
ma tion, and the fault-re lated de for ma tion of other rocks
as so ci ated with the fault – es pe cially the redbeds.

GEO LOGIC SET TING

Tec toni cally, east ern-cen tral Maine is com posed of sev eral
pre-Mid dle De vo nian meta mor phosed lithotectonic ter ranes;
from west to east, the Late Ordovician-Early De vo nian Cen tral
Maine Belt, the Late-Or do vi cian-Mid dle Si lu rian Fred er ic ton
Trough, and the Coastal Lithotectonic Block (Osberg, and oth -
ers, 1985). By con ven tion, metasedimentary rocks in the Great
Pond area north west of the Lu cerne pluton are as signed to the
Cen tral Maine Belt whereas those to the south east of the pluton
are as signed to the Fred er ic ton Trough. Both suites con sist of
thick piles of deep-wa ter, dom i nantly sandy turbidites that were
tightly folded and meta mor phosed to lower greenschist fa cies
con di tions (chlorite-zone) dur ing the Late Si lu rian to Early De -
vo nian Aca dian orog eny.  

De vo nian gra nitic plutons in truded the meta mor phic ter -
ranes men tioned above and are ma jor com po nents of the Coastal
Maine Mag matic Prov ince. Por tions of two of the larg est
plutons, the Deblois and Lu cerne batholiths, crop out in the
Great Pond quad ran gle. The Deblois, about 1670 km2 in area, is
the larg est in the Coastal Maine Mag matic Prov ince. Its west ern
lobe un der lies the south east ern part of the Great Pond quad ran -
gle. The Lu cerne pluton is elon gated in the di rec tion of 210o; it
wid ens south west ward to Orland Town ship north east of
Penobscot Bay but nar rows dras ti cally to ward the north east, par -
tic u larly in the vi cin ity of Great Pond. 

The dom i nant struc tural fea ture in the re gion is the
Norumbega fault sys tem. Pre vi ous map ping un equiv o cally dem -
on strates the con ti nu ity of the fault zone for at least 450 km, from 
the Casco Bay re gion in south west ern Maine to cen tral New
Bruns wick in Mar i time Can ada. It is rec og nized to day as one of
the larg est and lon gest transcurrent fault sys tems in the north ern
Ap pa la chians. In south west ern and south-cen tral Maine the fault 
sys tem is char ac ter ized by a wide zone of dis trib uted dextral
duc tile shear with lo cal ized very high strain zones.  Amphibolite
fa cies as sem blages and duc tile shear fab rics in di cate mid-crust
duc tile shear ing im me di ately af ter early De vo nian peak re gional
meta mor phism. A com plex dis place ment his tory, pos si bly con -
tin u ous for al most 100 mil lion years, has been in ferred for the
deeper seg ment in south-cen tral Maine by West and Hub bard
(1997) and West and Roden-Tice (2003). Two duc tile shear ing

events have been rec og nized along the Norumbega sys tem in
south-cen tral Maine and dated to ~380 Ma (at am phi bo lite fa -
cies) and ~290 Ma (at greenschist fa cies) re spec tively (West and
Lux, 1993; West and Hub bard, 1997; West, 1999). Swanson
(1999a) has pro posed that the re gional dextral shear ing and ac -
com pa ny ing up right fold ing, gra nitic in tru sion, and meta mor -
phism can be linked to a re strain ing-bend ge om e try along the
Norumbega fault sys tem in south-cen tral Maine. 

The shal low-crustal seg ment of the Norumbega fault sys -
tem in east ern Maine, how ever, ex pe ri enced a com plex,
multi-deformational his tory in volv ing dis tinc tive duc tile and
brit tle phases (Ludman, 1998; Wang and Ludman, 2003, 2004).
The ini tial greenschist-fa cies dextral duc tile shear ing be gan
~380 Ma and strain was largely par ti tioned into the Kellyland
and Waite duc tile shear zones (Ludman, 1998; Ludman and oth -
ers, 1999). These fault zones, dis tinct from one an other near the
Maine-New Bruns wick bor der, con verge in the area just north -
east of the Great Pond quad ran gle. The Waite zone was later re -
ac ti vated brittlely and three ep i sodes of sig nif i cant brit tle
fault ing have been iden ti fied along the Waite com pos ite fault
zone (Wang and Ludman, 2003).

STRA TIG RA PHY

Strat i fied rocks in the Great Pond quad ran gle in clude meta -
mor phosed older turbidites and unmetamorphosed youn ger
redbeds. Tra di tion ally, the metasedimentary rocks north west of
the Lu cerne pluton are as signed to ei ther the Vassalboro or
Hutchins Cor ner For ma tion of the Late Ordovian-Early De vo -
nian Cen tral Maine Belt, whereas the metasedimentary rocks to
the south east are as signed to the Bucksport For ma tion of the
Late Or do vi cian-Mid dle Si lu rian Fred er ic ton Trough.  Field
map ping and ob ser va tions, how ever, sug gest that both for ma -
tions are very sim i lar in li thol ogy and de for ma tion fea tures and
could be also cor re lated to the Flume Ridge For ma tion that crops 
out in the area north east of the quad ran gle. All of these for ma -
tions have been as signed an Or do vi cian-Si lu rian age by pre vi ous 
work ers and this pro ject has de tected no ev i dence that would
change this.

This re port and the ac com pa ny ing geo logic map fol low the
con ven tional no men cla ture and keep us ing Vassalboro For ma -
tion for the metasedimentary rocks to the north west of the Lu -
cerne pluton and Bucksport For ma tion for the metasedimentary
rocks to the south east of the Lu cerne pluton. The two for ma tions
are nearly iden ti cal, each ex hib it ing a sim i lar range of bed ding
types and lith o logic pro por tions. 

Vassalboro For ma tion (SOv)

The Vassalboro For ma tion (Perkins and Smith, 1925;
Osberg, 1968; Osberg and oth ers, 1985), later in part also called
Hutchins Cor ner For ma tion (Osberg, 1988), is ex posed to the
north west of the Norumbega fault sys tem in the Great Pond
quad ran gle. The for ma tion in the study area is in ter preted as a
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typ i cal turbidite suite, com posed pre dom i nantly of interbedded
light gray, dark gray, and green-weath er ing me dium to thick
beds of feldspathic graywacke and sub or di nate, thin to me dium
ho ri zons of pelite and siltstone. Cal car e ous siltstone lay ers are
spo rad i cally dis trib uted through out and lo cally weather to a
rusty color where sul fide is abun dant. Calc-sil i cate bands have
been ob served at higher-grade out crops. Bed thick ness gen er ally 
var ies from 1-2 cm up to 2 m thick. A gen eral north east erly strike 
at 45o-65o is prev a lent through out the area. Dips are me dium to
steep at an an gle rang ing from 45o to 85o to ei ther north west or
south east (Fig ure 1a). 

The Vassalboro For ma tion was folded dur ing the Aca dian
orog eny. Small-scale tight and iso cli nal folds are ob served
through out the area, but in di vid ual large-scale folds are not
mappable. Ax ial-plane fo li a tion or cleav age as so ci ated with the
tight fold ing is pen e tra tive through out in the for ma tion. Bed ding
is par al lel or near-par al lel to the cleav age at most out crops.

The Vassalboro/Hutchins Cor ner For ma tion was meta mor -
phosed to low greenschist fa cies dur ing the Aca dian fold ing and
there fore oc curs mostly as metasandstones with mi nor slate,
dark gray phyllite, and thin lay ers of fine-grained schist, de pend -
ing on meta mor phic grade. Mi cro scop i cally, the slightly meta -

mor phosed and fo li ated graywacke and siltstone show typ i cal
clastic tex tures, with some strongly fo li ated with shape-pre -
ferred fab rics de fined by aligned elon gated quartz grains and
mus co vite flakes in the Norumbega fault sys tem.  

Ad ja cent to the Norumbega fault sys tem, the Vassaboro
For ma tion graywacke and pelite are thor oughly and strongly fo -
li ated, be com ing slaty and lo cally strongly phyllitic, and quartz
veins are com mon, sug gest ing its in volve ment in the early duc -
tile shear ing along the Norumbega sys tem.  

Bucksport For ma tion (SOb)

Sandwiched by the Lu cerne and Deblois plutons in the
Great Pond quad ran gle is a sliver of the Bucksport For ma tion
(Trefethen, 1950; Wing, 1957; Osberg and oth ers, 1985). The
Bucksport For ma tion in the area is also a turbidite suite and con -
sists of pre dom i nantly dark-gray thick feldspathic graywacke
beds and me dium-thin lay ers of pelite. Interbedded me dium to
thin siltstones are lo cally cal car e ous and weather to a rusty color.
Lithologically, the Bucksport is so sim i lar to the Vassalboro For -
ma tion in the west and north west and the Flume Ridge For ma -
tion to the north east that it would be im pos si ble to sep a rate them
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Fig ure 1. Equal-area ste reo grams show ing poles to fo li a tion/cleav age de vel oped in metasedimentary rocks of Vassalboro For ma tion
(a) and Bucksport For ma tion (b).  See the text for ex pla na tion.



were it not for the pres ence of plutons and the Norumbega-re -
lated faults. The Bucksport was also tightly folded and meta mor -
phosed to low greenschist fa cies dur ing Aca dian de for ma tion.
Out crop-scale or mesoscopic tight and iso cli nal folds are com -
mon (Fig ure 2a). Like the Vassalboro, both beds and ax ial-plane
fo li a tion/cleav age gen er ally strike north east and dip to ei ther
north west or south east (Fig ure 1b). 

The only dis tinc tive dif fer ence from the Vassalboro For -
ma tion is that the Bucksport For ma tion in the quad ran gle is al -
most en tirely hornfelsed by con tact meta mor phism caused by
the em place ment of the Lu cerne and Deblois plutons. Close to
the con tact the graywacke and pelite be come dark-col ored pur -
plish black hornfels (Figure 2b). The dark color is due to the
pres ence of nu mer ous flakes of newly crys tal lized con tact-meta -
mor phosed bi o tite. Near the in tru sive con tact, di op side is pres -
ent in the calc-sil i cate beds due to con tact meta mor phism. The
calc-sil i cate beds are, how ever, only mi nor in the area and are

best viewed in a large ex po sure along Route 9 in Au rora just
south of the Great Pond quad ran gle. 

The Redbeds (Crb)

A nar row, north east-strik ing slice of unmetamorphosed
redbeds crops out be tween the Vassalboro For ma tion and the Lu -
cerne gran ite in the north west part of the Great Pond quad ran gle.
This un named redbed sliver is one of nine that oc cur along the
length of the Norumbega fault sys tem in east ern and east ern-cen -
tral Maine, all of which are in ter preted as hav ing been de pos ited
in sed i men tary pull-apart bas ins gen er ated by Late De vo -
nian–Early Car bon if er ous Norumbega dextral strike-slip fault -
ing (Wang and Ludman, 2003). The pres ent steep dips of the
redbeds in di cate sub se quent fault mo tions along the fault sys -
tem. The redbeds oc cur to day as steeply dip ping beds of vari able
thick ness that strike mostly north east (Fig ure 3). They are
bounded by faults on both north west and south east, and de tailed
map ping shows that they are in fault con tact with both the
Vassalboro For ma tion and Lu cerne gran ite. 

No fos sils have ever been found within the redbeds. They
are, how ever, tra di tion ally as signed a Car bon if er ous age based
on their cor re la tion with the Car bon if er ous strata in New Bruns -
wick and on the ob ser va tion that they oc cur in the post-Aca dian
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Fig ure 3. Strike rose di a gram of redbeds. 10o classes. See the text for ex -
pla na tion.

Fig ure 2. (a) Outcrop-scale fold with ax ial-plane cleav age de vel oped
within the Bucksport For ma tion. Pen point ing to north. Pic ture lo ca tion
at Stop 4157. (b) Pho to mi cro graph show ing hornfelsed graywacke of
Bucksport For ma tion at con tact with Lu cerne gran ite. Nu mer ous
recrystallized, dark-col ored, tiny bi o tite flakes oc cur through out the
rock. Rock sam ple #4226. Width of view is 3.5 mm. Cross-po lar ized
light.



strike-slip pull-apart bas ins and they are not meta mor phosed.
Wang and Ludman (2003) showed that the redbeds were de pos -
ited af ter 380 Ma duc tile shear ing and con tain clasts of
unmetamorphosed sand stones, sup port ing a Car bon if er ous,
rather than De vo nian age.

Lithologically the redbeds can be clas si fied into two ma jor
mem bers: one dom i nantly com posed of red sand stone with sig -
nif i cant amounts of peb ble to cob ble con glom er ate and the other
a com bi na tion of red sand stone and mudstone. The for mer oc -
curs mostly in the north east ern part of the redbed slice whereas
the latter char ac ter izes the south west ern sec tion. Bed thick ness
ranges from sev eral mil li me ters up to 4-5 me ters in both. The
non-arkosic peb ble con glom er ate in the north east ern sec tion is
com posed of mostly red sand stone and siltstone and gray sand -
stone clasts (peb bles) with some clasts (peb bles and gran ules) of
coarse-grained gran ite and clasts from a green wacke of un -
known or i gin (Fig ure 4a). These clasts vary in size from 0.02-20
cm long. The ma trix is com posed of de tri tal quartz, he ma tite,
plagioclase, po tas sium feld spar, white mica, chlorite, and
opaque min er als. Most clasts are rounded or sub-rounded but are 
poorly sorted, sug gest ing an or i gin as a near-source
intermontane molasse.  The red sand stone and siltstone con sist
of pre dom i nantly de tri tal quartz and feld spar with a fine-grained
he ma tite ma trix. Finely lam i nated mudstone is deep red in color
and com posed of ex tremely fine-grained white mica, quartz, and
plagioclase.

Other dis tinc tive lithologies of the redbeds are the arkosic
gran ule con glom er ate and coarse-grained ar kose mostly found
around Main Stream north of Great Pond and near Turner Moun -
tain and Lit tle Turner Moun tain. The arkosic gran ule con glom -
er ate is best ex posed in Main Stream on the northern side of
Great Pond. It is poorly sorted and com posed of mostly
fragmental and an gu lar pink al ka line feld spar clasts sized up to
5-6 cm in length and fragmental quartz and plagioclase clasts.
Some clasts are frag ments of coarse-grained gran ite (Fig ure 4b).
The red-pink coarse-grained ar kose oc curs as thin to me dium
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Fig ure 4. Pic tures show ing ma jor lithological mem bers of redbeds. See
the text for more ex pla na tion. (a) Typical non-arkosic peb ble con glom -
er ate. Pic ture lo ca tion at Stop 4080. (b) Arkosic gran ule con glom er ate,
con sist ing of mostly pink K-feld spar, quartz, and clasts of coarse-
grained gran ite. (c) Layer of ar kose sand stone and its soft de for ma tion
con tact with mudstone. Pic ture lo ca tion at Stop B10 at nearby The
Horse back quad ran gle. View fac ing north. (d) Photomicrograph of ar -
kose sand stone show ing perth ite K-feld spar clasts and hy dro ther mal
cal cite and chlorite veins fill ing cracks. Rock sam ple #4083. Width of
view is 3.5 mm. Cross-po lar ized light.
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beds interbedded within finer red sand stone and mudstone sec -
tions (Fig ure 4c). It is com posed of pre dom i nantly al ka line feld -
spar and quartz frag ments around 0.5-4 mm in di am e ter. 

Sed i men tary struc tures such as scour and fill struc tures,
cross-bed ding, and graded bed ding are com mon. Soft-sed i ment
de for ma tion is ob served around con tacts be tween coarse-
grained beds such as ar kose and fine-grained beds such as
siltstone and mudstone (Fig ure 4c).

The arkosic na ture of the redbeds dem on strates that their
sed i ment was ex tremely im ma ture, sug gest ing a source re gion
prox i mal to coarse fel sic plutons. Two pos si ble lo cal sources of
al kali feld spars are the Lu cerne gran ite or the Turner Moun tain
syenite in the re gion. The gran ite and syenite are largely com -
posed of pink megacrystic po tas sium feld spars as stated in the
later sec tions. Field and thin-sec tion ob ser va tions, how ever,
sug gest two reasons that the al kali feld spars in the arkosic con -
glom er ate and sand stone are de rived from the Lu cerne gran ite:
(1) the ma te ri als mak ing up the arkosic con glom er ate and ar kose
are gra nitic – the syenite con tains a few very fine quartz and
plagioclase grains, so the coarse quartz, plagioclase and gran ite
clasts found with the al kali feld spar in the arkosic rocks (e.g. Fig -
ure 4b) can only come from the gran ite; (2) mi cro scopic com par -
i son of al kali feld spars from the ar kose with those in gran ite and
syenite show that perth ite K-feld spar is prev a lent in both ar kose
(Fig ure 4d) and gran ite (see Fig ure 5b) whereas the syenite con -
tains few perthitic grains. The perth ite in the ar kose is there fore
most likely de rived from the Lu cerne gran ite.

IG NE OUS ROCKS

The Lu cerne and Deblois plutons are the two larg est gra -
nitic batholiths in east ern-cen tral Maine. The Great Pond quad -
ran gle how ever in cludes only a small por tion of both plutons
al though they ac count for more than half of the quad ran gle. The
third ig ne ous in tru sion is the Turner Moun tain syenite sit u ated
within the Norumbega fault sys tem and ad ja cent to the redbeds
north of the Lu cerne gran ite in the west ern part of the quad ran -
gle. 

Lu cerne pluton (Dgl)

Only the northeasternmost por tion of the Lu cerne pluton is
ex posed in the Great Pond quad ran gle. There, it in truded the
Vassalboro and Bucksport for ma tions in De vo nian times with a
re ported 207Pb/206Pb age of 380 ± 4 Ma (Zartman and Gallego,
1979). Sev eral prom i nent moun tains such as Black Cap Moun -
tain, Mor ri son Pond Moun tain, and Springy Brook Moun tain
west of Un ion River in the quad ran gle are un der lain by the Lu -
cerne gran ite. 

The Lu cerne pluton is a coarse-grained to megacrystic
leucocratic bi o tite gran ite, rich in po tas sium feld spar.  It is
bounded or trun cated on the north west by the Norumbega fault
sys tem. De tailed map ping has re vealed that the Lu cerne gran ite
was in volved in the early Norumbega duc tile shear ing and its

north west mar gin was ductilely sheared and strongly
mylonitized. A zone of gra nitic my lon ite and ultramylonite de -
rived from the Lu cerne pluton oc curs next to the redbeds and
Turner Moun tain syenite is mapped here as an in de pend ent unit
(Dgl(m)). The fol low ing para graphs de scribe the undeformed
Lu cerne gran ite (Dgl) and the ductilely sheared gran ite (Dgl(m)) 
re spec tively.

Undeformed Lu cerne gran ite (Dgl)

The undeformed Lu cerne gran ite is char ac ter ized by a mas -
sive and ex tremely coarse-grained ap pear ance and dis tinc tive
pale-white and pink potassic feld spar megacrysts. It is com posed 
mostly of white-pink perthitic microcline and white sodic
plagioclase megacrysts up to 8 cm in length set in a coarse-
grained ma trix of subhedral al bite and anhedral quartz, bi o tite,
and mi nor hornblende (Fig ures 5a and 5b), with a typ i cal “seriate 
tex ture” (Wones, 1980). Rapakivi al bite rims on al kali feld spar
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Fig ure 5. Lu cerne gran ite. (a) Contact be tween main-phase reg u lar
megacrystic coarse-grained gran ite and a me dium-grained gran ite dike. 
Pic ture lo ca tion at Stop 4206. (b) Photomicrograph of typ i cal Lu cerne
gran ite show ing part of a perth ite K-feld spar and other min er als. Cracks 
of the feld spar are filled by chlorite. Rock sam ple #4096. Width of view
is 3.5 mm. Cross-po lar ized light.



megacrysts are ob served but not com mon. Lo cal vari a tions in -
clude ar eas char ac ter ized by por phy ritic tex tures. The larg est
piece of por phy ritic gran ite was found near the south east con -
tact, on the south east side of Spring Brook Pond around the
south west cor ner of the quad ran gle where pheno crysts of alkali
feld spar up to 5 cm and smaller plagioclase oc cur in a me -
dium-grained more mafic ma trix. The con tacts be tween the por -
phy ritic and coarser grained megacrystic rocks ap pear to be
gradational. Abun dant tour ma line-rich quartz and tour ma line
veins up to sev eral cen ti me ters in width are pres ent in the por -
phy ritic gran ite at the same lo ca tion. 

Ac cord ing to Wones (1980) and Wones and Ayuso (1993),
the Lu cerne gran ite is a calc-al ka line gran ite and chem i cally
metaluminous to mildly peraluminous.

Out crop-scale me dium-grained gran ite dikes in trud ing the
main phase of the Lu cerne gran ite have been ob served through -
out the pluton in the Great Pond quad ran gle (Fig ure 5a). The
width of the dikes ranges from sev eral cen ti me ters to about 1 m.
They are com posed mostly of white sodic plagioclase, white
potassic feld spar, and quartz. Ferro mag nesi an min er als such as
bi o tite are scarce. The dikes are also ductilely sheared within the
Norumbega duc tile shear zone, in di cat ing that they are
pre-Norumbega in age. 

Pri mary flow fo li a tion de fined by align ment of euhedral to
subhedral feld spars has been ob served along the east and south -
east mar gin of the pluton. Fo li a tion strikes 010o-015o, par al lel to
the con tact of the pluton, and dips nearly ver ti cally. No plas tic
de for ma tion has ever been no ticed in quartz grains where flow
fo li a tion is ob served.

Ductilely sheared and mylonitized-and-ultramylonitized Lu -
cerne gran ite (Dgl(m))

A duc tile shear zone about 1.5 km in width was de scribed
by pre vi ous work ers along the Norumbega fault sys tem be tween

the Lu cerne pluton and the redbeds and Turner Moun tain syenite 
in the north west part of the Great Pond quad ran gle. How ever, the 
duc tile shear zone and the sheared rocks were mapped as a
faulted sliver of Pre cam brian-Or do vi cian “Passagassawakeag
gneiss” (Wones, 1980: Wones and Ayuso, 1993; Osberg and oth -
ers, 1985). Based on de tailed map ping, cor re la tion with the
Kellyland and Waite duc tile shear zones of the Norumbega fault
sys tem in east ern Maine, and mi cro scopic ob ser va tions, this pro -
ject con cludes that the ductilely sheared rocks are gra nitic my -
lon ite and ultramylonite de rived from the Lu cerne pluton.

Most of the sheared rocks within the duc tile shear zone are
fine-grained and ex tremely fine-grained ultramylonite (Fig ure
6a) due to ex tremely high-strain grain-size re duc tion. Mi cro -
scop i cally, the grain-size re duc tion is seen to have been achieved 
pre dom i nantly by dy namic recrystallization and dis lo ca tion and
sub-grain ro ta tion of quartz grains (Fig ure 6b). Quartz grains are
sheared into quartz rib bons up to 10 cm long. Feld spar crys tals
how ever are cataclasized into pro gres sively smaller frag ments,
sug gest ing a de for ma tion tem per a ture be low 450oC (Simpson,
1985; Tullis and Yund, 1985). Ag gre gates of fine fragmental
feld spar porphyroclasts are pro gres sively stretched to be come
feld spar bands as well.  Some ultramylonite shows a lam i nated
struc ture caused by al ter nat ing quartz rib bons and feld spar
bands, re sem bling fo li ated metasedimentay rocks.  This was pre -
sum ably the rea son for map ping these fault rocks as Pre cam -
brian-Or do vi cian gneiss.

Coarser-grained my lon ite oc curs as interbedded thin ho ri -
zons and lenses within lower-strained do mains in which gra nitic
tex ture and com po si tion are dis tin guish able in the field (Fig ure
6c). The least sheared, fo li ated gran ite or protomylonite, de fines
a nar row tran si tion zone be tween the undeformed gran ite in the
south east and the mylonitic and ultramylonitic gran ite. The
width of this tran si tion zone is un cer tain but es ti mated to be less
than 300 m. This slightly sheared gran ite is char ac ter ized by
align ment of euhedral-subhedral feld spar crys tals (Fig ure 6d)
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Fig ure 6. Ductilely sheared and mylonitized Lu cerne gran ite. (a) Typical gra nitic  ultramylonite show ing strong mylonitic fo li a tion. 
Pic ture lo ca tion at Stop 4144. Pen point ing to north. (b) Photomicrograph of ultramylonite show ing quartz rib bons com posed of
sub-grains and feld spar porphyroclasts. The ultramylonite is su per im posed by cataclasis due to sub se quent brit tle fault ing. Rock sam -
ple #4136. Width of view is 3.5 mm. Cross-po lar ized light.



which are barely de formed ei ther plas tic ally or brittlely. Quartz
grains are only par tially plas tic ally de formed or lo cally dy nam i -
cally recrystallized to form short rib bons wrap ping around feld -
spar crys tals.

The gra nitic my lon ite and ultramylonite are sig nif i cantly
af fected by brit tle re ac ti va tion of the Norumbega fault sys tem.
Brit tle fault ing and cataclasis was con cen trated mostly along the
north west ern mar gin of the zone of gra nitic my lon ite and
ultramylonite, form ing a through-go ing brit tle fault that acts as a
bound ary be tween that zone and the Turner Moun tain syenite
and redbeds. The my lon ite and ultramylonite next to the fault
were com pletely brecciated and cataclasized within a zone at
least 40 m wide (Fig ure 6b). Re lated out crop-scale and mi cro -
scopic frac tures in clud ing faults and joints are well de vel oped
within the zone of my lon ite and ultramylonite.

Deblois pluton (Dgd)

The Deblois pluton, the larg est pluton in the Coastal Maine
Mag matic Prov ince has in truded sev eral lithotectonic belts/ter -
ranes in clud ing the St. Croix, Coastal Vol ca nic, and Fred er ic ton
belts, and has been di vided into two lobes, the west ern and east -
ern lobes re ferred to by pre vi ous stud ies (e. g., Ludman and oth -
ers, 1999; Wang and Ludman, 2003). Both lobes ex tend
north ward with the east ern lobe ter mi nat ing at the north east -
erly-strik ing Kellyland duc tile shear zone and the west ern lobe
be ing dextral ductilely sheared and elon gated into a fault sliver
called “the Third Lake Ridge gran ite” (Wang and Ludman,
2004) sandwiched be tween the Kellyland and Waite duc tile
shear zones. Only the wes tern most mar gin of the west ern lobe
crops out in the east ern and south east ern parts of the Great Pond
quad ran gle. Gran ite in the west ern lobe was dated at 393 ± 17 Ma 
by Rb/Sr whole-rock meth ods (Loiselle and oth ers, 1983).

The Deblois pluton is most com monly a potassic-feld -
spar-rich, two-feld spar, hornblende-bi o tite gran ite char ac ter ized 
by a coarse-grained ap pear ance, dis tinc tive potassic feld spar
megacrysts, and a seriate tex ture. Tex tur ally and min er al og i cally 
it is very sim i lar to the Lu cerne gran ite. How ever, out crops of the 
pluton in the quad ran gle show a less megacrystic ap pear ance,
prob a bly a mar ginal fa cies on its west ern mar gin. Feld spar crys -
tals are mostly less than 3 cm in length and are more uni form in
size. Me dium- and fine-grained gra nitic dikes less than 1 m wide
are com mon within the pluton as well.

The Deblois gran ite around the Baker Ridge area con tains
more rapakivi feld spars than other gran ite in the quad ran gle. Ir -
reg u lar and ovoid salmon-col ored al kali feld spar megacryst
cores, with ir reg u lar embayed mar gins over grown by a creamy
white plagioclase rapakivi man tle are a con spic u ous tex ture of
the coarse-grained gran ite in this area (Fig ure 7a). In ter est ingly,
spec tac u lar rapakivi feld spars are also pres ent within mafic in -
clu sions (Fig ure 7b). 

It must be pointed out that al though gran ites of both Lu -
cerne and Deblois (west ern lobe) in the area north east of Great
Pond and around the Baker Ridge are poorly ex posed, the known 
ex po sures sup port a spec u la tion that both plutons are most likely
“con nected” in the area—they could ei ther in trude in the area as
a sin gle magma body or just meet there as sep a rate in tru sions.
Al  though pre  vi  ous  map pers in  di  ca te  a  sep tum of
metasedimentary rocks be tween the two bod ies near the
Norumbega fault sys tem, there is no ev i dence for it in the field
and it is hard to find room for metasedimentary rocks be tween
the bod ies. Sec ondly, it is hard to dis tin guish be tween the two
plutons be cause they are so sim i lar, with only the ex cep tion of
the dom i nantly rapakivi gran ite around Baker Ridge. Thirdly,
hills and ridges in this area are prom i nently tall and rounded, re -
flect ing a sig na ture of typ i cal gran ite-type to pog ra phy that is so
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Fig ure 6 (continued). Ductilely sheared and mylonitized Lu cerne gran ite. (c) Mylonite with lenses or bands of less strained
coarser-grained gran ite. Pic ture lo ca tion at Stop 4147. Pen point ing to north. (d) Least sheared and fo li ated Lu cerne gran ite. View
fac ing north. Pic ture lo ca tion at Stop 4059. 



im pres sive in the quad ran gle and nearby quad ran gles. Based on
these ob ser va tions, the ac com pa ny ing map does not show any
sep a ra tion be tween the plutons in the area around Baker Ridge,
in the north east ern part of the quad ran gle. It is sug gested that
both gran ite plutons are sim ply two lobes of a super-pluton that
are just like the east ern and west ern lobes of the Deblois pluton. 

Turner Moun tain syenite (MzCtm)

The Turner Moun tain syenite crops out around Turner
Moun tain and Lit tle Turner Moun tain in the west ern part of the
quad ran gle. The syenite has long been iden ti fied by pre vi ous
work ers (Stoeser, 1966; Gilman, 1974; Grif fin, 1976; Wones,
1977, 1980; Wones and Ayuso, 1993) as an in de pend ent in tru -
sion and the only syenite found in cen tral-east ern and east ern
Maine. Al though it is con fined by the post-Aca dian Norumbega
fault sys tem, it has been as sumed by pre vi ous work ers to be only
a small mem ber of the Si lu rian-De vo nian Coastal Maine Mag -
matic Prov ince, and has never re ceived se ri ous at ten tion.

The syenite in tru sion, at least 2 km2 in area, is tab u lar in
shape and ex tends about 2.75 km along the strike of the
Norumbega fault sys tem. Most of the syenite crops out in the
Great Pond quad ran gle, al though some what less than 10% does
lie in The Horse back quad ran gle to the west. Be cause it is more
re sis tant to weath er ing than all other sur round ing rocks, it stands
high in re lief and forms Turner Moun tain in the south west and
Lit tle Turner Moun tain in the north east.

The Turner Moun tain syenite is tex tur ally and min er al og i -
cally quite ho mog e nous. It is a deeply weath ered dark brown to
black por phy ritic hornblende-bi o tite syenite. Its weath er ing sur -
faces are lighter in color and are char ac ter ized by large pink
euhedral potassic feld spar pheno crysts com monly 2-6 cm long
(Fig ure 8a). Potassic feld spar pheno crysts are mostly ho mog e -

nous (Fig ure 8b) with only a small per cent age show ing perthitic
inter growths. They sit in a me dium-grained to coarse-grained
groundmass com posed of mostly subhedral orthoclase and
plagioclase feld spars, bi o tite, and hornblende (Fig ure 8c).
Fine-grained in ter sti tial anhedral quartz in the groundmass
makes up less than 5% of the rock. Small and darker in clu sions
of me dium-grained to fine-grained al ka line and more mafic
rocks have been ob served. The ho mog e nous por phy ritic tex ture
of the whole in tru sion may in di cate a shal low em place ment en -
vi ron ment.

A finer por phy ritic phase with lesser amounts of large
potassic feld spar pheno crysts but more me dium-grained
groundmass crops out spo rad i cally around the mar gin of the
syenite in tru sion, prob a bly rep re sent ing a nar row mar ginal
phase. Small in clu sions of metasedimentary rock were ob served
in this finer por phy ritic phase.

The late stage Norumbega brit tle fault ing af fected the
Turner Moun tain syenite sig nif i cantly, as syenite around its
north west and south east con tacts is ex ten sively brecciated and
cataclasized. Feld spar pheno crysts are cracked or frac tured into
smaller frag ments (Fig ure 8d). Hy dro ther mal sec ond ary min er -
als such as chlorite, cal cite, and seri cite are com mon and oc cur
mostly as tiny veins fill ing cracks within feld spar crys tals (Fig -
ure 8d). 

The syenite in tru sion is sur rounded on the north and west
by the tilted Car bon if er ous (?) redbeds (Crb) and on the east and
south east by the gra nitic my lon ite and ultramylonite zone
(Dgl(m)). A brit tle fault sep a rates the zone of gra nitic my lon ite
and ultramylonite from the syenite and redbeds. How ever, a con -
tact meta mor phic au re ole rang ing from 5-10 m in width was
found next to the syenite in the redbeds at sev eral out crops on the 
north west side of Turner Moun tain. The con tact be tween the
syenite and the redbeds at these out crops is only slightly mod i -
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Fig ure 7. Typ i cal Deblois rapakivi gran ite around Baker Ridge.  (a) North-north east-strik ing small-scale brit tle-duc tile shear zones
and sub se quent mi nor brit tle faults.  Pen point ing to north.  (b) Rapakivi feld spar oc cur ring within a mafic en clave.  Location of both
pic tures at Stop 4103. 



fied by brit tle fault ing (Fig ure 9a). Red siltstones within the au -
re ole be come pale green bi o tite hornfels (Fig ures 9a and 9b) due
to con ver sion of he ma tite into bi o tite by in creas ing heat most
likely from the syenite magma. The bi o tite hornfels are char ac -
ter ized by nu mer ous newly-nu cle ated mi cro scopic tiny bi o tite
and some hornblende crys tals (Fig ures 9b, 9c, and 9d). The
clastic tex ture could be com pletely re placed by crys tal line tex -
ture due to re-crys tal li za tion (Fig ures 9c and 9d). The bi o tite
hornfels were later af fected by su per im posed brit tle fault ing, re -
sult ing in for ma tion of nu mer ous mi cro scopic hy dro ther mal
chlorite and cal cite veins (Fig ure 9c) through out the con tact
zone. 

The in tru sive con tact re la tion with the redbeds dem on -
strates a hith erto un sus pected post-redbed age for the syenite.
More over, the syenite in tru sion has long been mapped as a fault
sliver within the Norumbega fault sys tem, but no duc tile de for -
ma tion is ob served within the in tru sion at all, sug gest ing that it
might have in truded the Norumbega fault sys tem be tween the
early phase of duc tile shear ing and on set of very late-stage brit tle 
de for ma tion. The brit tle re ac ti va tion of the Norumbega sys tem

and transtensional re gime for the de vel op ment of the pull-apart
redbed ba sin (Wang and Ludman, 2003) may have fa cil i tated the
em place ment of the Turner Moun tain syenite. Ra dio met ric dat -
ing is needed to con firm the age of the syenite.

STRUC TURAL GE OL OGY 

De for ma tion struc tures within metasedimentary for ma tions

Rocks of both the Vassalboro and Bucksport Formations
were folded, fo li ated, and meta mor phosed dur ing the Aca dian
orog eny. The re gional meta mor phic grade is low greenschist fa -
cies and orig i nal bed ding (S0) is well pre served. The bed ding
gen er ally strikes north east and dips to ward ei ther north west or
south east due to re peated Aca dian folds (Fig ure 1). How ever,
be cause of poor ex po sure, tight ness of fold ing, and lith o logic
sim i lar ity, re gional-scale folds within both for ma tions are not
mappable.

In the field, how ever, out crop-scale folds are abun dant. 
Most of them are iso cli nal and intraformational with well-de vel -
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Fig ure 8. Turner Moun tain syenite. (a) Typ i cal por phy ritic Turner Moun tain syenite on  a weath ered sur face. Pic ture lo ca tion at Stop
4047. (b), (c), and (d) are pho to mi cro graphs of the syenite. Width of view for each one is 3.5 mm. Cross-po lar ized light for all of them. 
(b) Ho mo ge neous potassic feld spar and microcline. (c) In ter lock ing tex ture of the me dium-grained groundmass made of mostly
potassic feld spar, plagioclase, and bi o tite which has been sig nif i cantly al tered into chlorite. Quartz is finer and scarce.
(d) Cataclasized/brecciated syenite with cha otic tex ture. Microscopic veins of hy dro ther mal cal cite and chlorite  fill the cracks and in -
ter sti tial areas. (b) and (c) are from rock sam ple #4118 whereas (d) is from #4255-1, next to a fault. 



oped ax ial-plane cleav age (Fig ure 2a). Ax ial-plane cleav age
(S1) is pen e tra tive through out both for ma tions; it is mostly par al -
lel to orig i nal bed ding (S0) or lo cally slightly oblique to orig i nal
bed ding. Mea sure ments of fo li a tion in the quad ran gle show a
north east trend with steep dips to ei ther north west or south east
(Fig ure 1).

Rocks of the Vassalboro For ma tion next to the redbeds
were in volved in the early Norumbega duc tile shear ing to be -
come strongly fo li ated phyllonite as dis cussed ear lier. Quartz
veins and boudins are com mon within the phyllonite. The width
of the phyllonite zone is es ti mated to be less than 500 m.

Only mi nor brit tle faults were ob served within the
metasedimentary rocks. Joints are com mon and most of them
strike north east and south east (Fig ure 10).

De for ma tion struc tures within gran ite plutons

The north west ern mar gin of the Lu cerne gran ite pluton
was in volved in the early Norumbega duc tile shear ing and be -
came the prom i nent zone of my lon ite and ultramylonite men -
tioned above that will be dis cussed in more de tail in the next

sec tion. The rest of the Lu cerne gran ite and the Deblois gran ite
within the Great Pond quad ran gle are, how ever, not sig nif i cantly 
de formed at all ex cept for mi nor and out crop-scale shears and
faults ob served at some stops. 

Out crop-scale mi nor duc tile and half-duc tile (duc tile-brit -
tle) shears oc cur within both Lu cerne and Deblois plutons (Fig -
ure 7a). Most of them strike north and north east and show a
dextral shear sense, sug gest ing their as so ci a tion with the early
dextral duc tile shear ing along the Norumbega fault sys tem. They 
are al ways trun cated or cross cut by mi nor brit tle faults that strike 
mostly north east and south east (Fig ure 7a). 

The Norumbega fault sys tem

The most sig nif i cant deformational struc tural fea ture
within the Great Pond quad ran gle is the Norumbega fault sys -
tem. The fault sys tem ex tends 2-3 km across the redbeds and the
ductilely sheared Lu cerne gran ite. It has a pro longed his tory in -
volv ing early duc tile de for ma tion along the con tact be tween the
Vassalboro For ma tion to the north west and the Lu cerne gran ite
pluton to the south east, and sub se quent brit tle re ac ti va tion that is 

11

Becrock Geology of the Great Pond Quadrangle, Maine

A

C D

B

Fig ure 9. (a) Outcrop of in tru sive con tact be tween the Turner Moun tain syenite on the right and the pale green hornfelsed siltstone
“redbeds” on the left. Pic ture lo ca tion at Stop 4255. View fac ing north east. (b), (c), and (d) are pho to mi cro graphs of the bi o tite
hornfels next to the con tact. Width of view is 3.5 mm for (b), 1.8 mm for (c), and 0.9 mm for (d). Cross-po lar ized light for all of them.
(b) is from rock sam ple #4255-2 whereas (c) and (d) from # 4257. See the text for more ex pla na tion.



pre sented as through-go ing brit tle faults and pull-apart redbed
bas ins.

Early duc tile shear ing and the duc tile shear zone

As dis cussed early, the north west side of the Lu cerne gran -
ite pluton within the quad ran gle was in volved in the early
Norumbega duc tile shear ing and the megacrystic coarse-grained 
gran ite was ductilely sheared into my lon ite and ultramylonite.
This duc tile shear zone is about 1.5 km wide and ex tends north -
east and south west into ad ja cent quad ran gles. 

To the north east in the nearby Gassabias Lake and Fletcher
Peak quad ran gles, the Kellyland duc tile shear, one of the
branches of the Norumbega fault sys tem in east ern Maine, also
fol lows the con tacts be tween gra nitic in tru sions and their
metasedimentary coun try rocks. How ever, in ten sity of duc tile
de for ma tion in the Great Pond quad ran gle is much higher as ev i -
denced by a much wider zone of very high-strain gra nitic my lon -
ite and ultramylonite de scribed in the pre vi ous sec tions.

The gra nitic my lon ite and ultramylonite are char ac ter ized
by well-de vel oped and pen e tra tive mylonitic fo li a tion de fined
by quartz rib bons and feld spar cataclasis bands (Fig ure 6). The
fo li a tion strikes north east around 45o-55o and dips mostly to -
ward the north west at a very steep an gle within the high strain
zone (Fig ure 11). South east ward, in the tran si tion zone of less
sheared, low strain, and slightly fo li ated gran ite (protomylonite
gran ite as dis cussed earlier), the fo li a tion strikes more north erly
to around 010o-015o, in di cat ing a dextral shear drag ef fect.

Other classes of shear-sense in di ca tors ob served within the 
duc tile shear zone in the gran ite also sug gest a dextral strike-slip
mo tion, be ing con sis tent with its co eval east ern Maine and
south-cen tral Maine duc tile shear ex ten sions (Ludman, and oth -
ers, 1999; Swanson, 1999b; Wang and Ludman, 2004). 

Fault re ac ti va tion and brit tle faults 

Sig nif i cant brit tle fault re ac ti va tion has been ob served
along the length of the Norumbega fault sys tem in east ern-cen -
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Fig ure 11.  Equal-area stereogram show ing poles to mylonitic fo li a tion
de vel oped in the gra nitic my lon ite and ultramylonite zone. See the text
for ex pla na tion.

Fig ure 10. Strike rose di a gram of joints. 10o classes. See the text for ex -
pla na tion.



tral and east ern Maine by pre vi ous stud ies (Wones, 1977, 1980;
Wones and Ayuso, 1993; Ludman, 1998; Ludman and oth ers,
1999; Wang and Ludman, 2003). Wang and Ludman (2003)
iden ti fied three ep i sodes of sub se quent brit tle fault re ac ti va tion
that were su per im posed on early duc tile shear zones in nearby
east ern Maine in the north east. 

In the Great Pond quad ran gle, mul ti ple brit tle fault re ac ti -
va tion ep i sodes also char ac ter ize the Norumbega fault sys tem.
Field struc tural re la tions show that the ear li est through-go ing
brit tle fault mo tion took place along the mylonitic con tact be -
tween the Lu cerne gran ite and the Vassalboro For ma tion. This
brit tle fault later evolved into a transtensional pull-apart ba sin in
the Great Pond and the neigh bor ing Horse back quad ran gles due
to dextral strike-slip fault ing. Ac cord ing to pre vi ous stud ies (e.g. 
Wones and Ayuso, 1993; Wang and Ludman, 2003), the
700-1400 m wide pull-apart ba sin ex tends from about the north -
east cor ner of the Great Pond quad ran gle south west ward for
nearly 30 km to the Chemo Pond area, north west of Clifton. Af -
ter de po si tion of redbeds within the pull-apart ba sin, and prob a -
bly em place ment of the Turner Moun tain syenite within the
redbeds, there was an other ep i sode of brit tle fault ing that was
most likely compressional and dip-slip so that the con tacts be -
tween the redbeds, the gra nitic duc tile shear zone, and the
Vassalboro For ma tion are now fault con tacts and the redbeds are
steeply tilted. An es ti mated 40 m wide zone of brec cia and
cataclasite sep a rat ing the gra nitic my lon ite and ultramylonite
zone from the syenite and redbeds is of a prom i nent fault. The
north west ern con tact of the syenite in tru sion was also mod i fied
by mi nor south east erly-dip ping thrust faults (e.g. Fig ure 9a). 

In the field, slickenlines on sec ond ary fault sur faces show -
ing dip-slip, strike-slip, and oblique-slip mo tions are com mon,
sug gest ing mul ti ple and prob a bly mi nor mo tions of brit tle fault -
ing along the fault zone for a long while.

GEO LOGIC HIS TORY

In the Great Pond quad ran gle, the ear li est re corded geo -
logic his tory be gan with the de po si tion of the Cen tral Maine
turbidite se quence (the Vassalboro For ma tion) and the Fred er ic -
ton Trough turbidite se quence (the Bucksport For ma tion) within 
an ocean ba sin dur ing late Or do vi cian and Si lu rian time. The
Aca dian orog eny in Late Si lu rian through Early De vo nian times
closed the ocean and folded these se quences and re gion ally
meta mor phosed their strata to low greenschist fa cies as sem -
blages. 

The Lu cerne and Deblois gra nitic plutons, pos si bly two
lobes of a super-pluton, were emplaced shortly af ter the Aca dian
fold ing and meta mor phism at around 380 Ma. Slow cool ing and
crys tal li za tion of the gra nitic mag mas pro duced the im pres sive
megacrystic coarse-grained tex ture seen to day within each
pluton. The metasedimentary rocks around pluton con tacts and
roof pen dants are hornfelsed. 

The ini tial dextral duc tile shear ing of the Norumbega fol -
lowed the con tact be tween the newly crys tal lized Lu cerne

pluton and the meta mor phic coun try rocks in the Great Pond
quad ran gle area, pro duc ing a 1.5 km wide high strain and duc tile
shear zone on the north west mar gin of the Lu cerne pluton. This
shear ing was co eval with oth ers ob served through out the whole
Norumbega fault sys tem in Maine. It ductilely sheared the
megacrystic coarse-grained gran ite into my lon ite and ex tremely
fine-grained ultramylonite. Within the duc tile shear zone the
metasedimentary rocks of the Vassalboro For ma tion were
ductilely sheared into phyllonite. The phyllonite ex tends south -
west ward into the nearby The Horse back quad ran gle and be -
comes span gled quartz mus co vite schist, a schis tose my lon ite in
the Hopkins Pond quad ran gle.

Mul ti ple brit tle fault ing events caused by fault re ac ti va tion
fol low ing the early duc tile shear ing along the length of the
Norumbega sys tem have been iden ti fied in the Great Pond quad -
ran gle. The very early through-go ing brit tle fault mo tion took
place along the mylonitic con tact be tween the Lu cerne gran ite
and the Vassalboro For ma tion. This brit tle fault later evolved
into a transtensional pull-apart ba sin due to dextral strike-slip
fault ing. Grav els, sand, silt, and clay of prox i mal sources were
trans ported into the pull-apart ba sin, form ing an im ma ture suite
of poorly-sorted peb ble con glom er ate and arkosic gran ule con -
glom er ate, with finer-grained ar kose, sand stone, siltstone, and
mudstone. The Turner Moun tain syenite prob a bly was emplaced 
dur ing the open ing of the pull-apart redbed ba sin be cause it in -
truded the redbeds and fa vored an extensional en vi ron ment. The
syenite magma might have fol lowed the south east bound ary
fault of the pull-apart ba sin, form ing a shal low and typ i cal por -
phy ritic ig ne ous in tru sion.

Later brit tle fault ing which was most likely compressional
and re verse, cre ated a brec cia and cataclasite zone at least 40 m
wide along the bound ary be tween the gra nitic my lon -
ite/ultramylonite and the redbeds. The south east and north west
mar gins of the syenite were cataclasized due to this brit tle fault -
ing.

CON CLU SIONS

A sig nif i cant im prove ment in our un der stand ing of the
bed rock ge ol ogy in the Great Pond 7.5’ quad ran gle has been
made with this USGS STATEMAP pro ject, in clud ing:

· The na ture, ge om e try, and deformational fea tures of the
Norumbega fault sys tem in the quad ran gle are better un der -
stood. A much more pre cise and ac cu rate bed rock geo logic
map has been com piled.

· The pre vi ously de fined “Passagassawakeag gneiss” sliver
in the quad ran gle turns out to be a 1.5 km wide gra nitic my -
lon ite and ultramylonite zone de rived from the Lu cerne
pluton and pro duced by early Norumbega duc tile shear ing.
The high-strained duc tile shear zone is much wider than to
the north east in east ern Maine.

· The Turner Moun tain syenite, a shal low por phy ritic al ka -
line in tru sion, bears an in tru sive con tact re la tion with the
Car bon if er ous (?) redbeds, dem on strat ing a hith erto un sus -
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pected post-redbed age. The transtensional tec tonic en vi -
ron ment with re spect to the pull-apart ba sin for ma tion
would have fa cil i tated the shal low em place ment of the
syenite magma. An other prob a bil ity that the syenite might
have been emplaced dur ing the early Me so zoic At lan tic
open ing is not ex cluded. If its post-redbed age is con firmed
by fu ture ra dio met ric dat ing, it would be come the first and
the youn gest syenite pluton in cen tral-east ern and east ern
Maine and the only pluton con trolled by the brit tle re ac ti va -
tion of the Norumbega fault sys tem.

· Map ping in the Baker Ridge area sug gests a phys i cal con -
nec tion be tween the Lu cerne and Deblois plutons. Prob a bly
both gran ite plutons are sim ply two lobes of a super-pluton
that are just like the east and west lobes of the Deblois
pluton. This is con sis tent with an other sug ges tion that the
north east erly-strik ing sliver of sig nif i cantly hornfelsed
metasedimentary rocks of the Bucksport For ma tion
sandwiched by both Lu cerne and Deblois plutons could be a 
thin roof pen dant of the super-pluton. 

· Geo logic his tory of the bed rock and the evo lu tion of the
Norumbega fault sys tem in the quad ran gle area are better
un der stood and con strained. The ini tial and early
Norumbega duc tile shear ing jux ta posed along the con tact
be tween the Lu cerne gran ite and the Vassalboro For ma tion
metasedimentary rocks, pro duc ing a prom i nent my lon ite
and ultramylonite zone. Sub se quent later shal low and
near-sur face brit tle fault re ac ti va tion lo cal ized along the
mylonitic con tact be tween the mylonitic gran ite and the
phyllonitic Vassalboro metasedimentary rocks, pro duc ing a
pull-apart redbed ba sin and prob a bly fa cil i tated the em -
place ment of the Turner Moun tain syenite in tru sion. 
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