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INTRO DUCTIO N TO  THE MAP

____T he be drock geologic map of the G ile ad, Maine, quadrangle
shows a geologist’s interpre tation of the distribution of rock types
in the region base d upon data colle cte d in the field. T he
challe nging part of this proce ss is that most of the be drock, up to
80% or more, is covere d by vege tation, soil, and/or glacial
de posits, making the locational choice s of boundaries be tw e e n
rocks at times very difficult to de te rmine. In the G ile ad
quadrangle, there are regions with excelle nt outcrop density, such
as the S unday River ski trails, and are as with poor outcrop, such
as spruce-dominate d forests above 3,000 ft. and lowe r ele vation
valley and swampy regions with thick glacial cover. T he field data
is re pre sente d by various symbols or dots giving one a sense of
the control for the map. T he data in the G ile ad quadrangle was
colle cte d over thre e ye ars by P rof. Dykstra Eusde n of Bates
College with the help of these capable undergraduate stude nts:
Riley Eusden (Bowdoin College '12); S ae byul Choe (Bates College
'14); S ula W atermulder (Bates College '14); Erik Divan (Bates
College '17); and Audre y W he atcroft (Bate s College '17).  T o
de te rmine the absolute age of some of the rock types in the
quadrangle a number of samples were radiome trically date d using
U -P b geochronology te chniques on the mineral zircon.  Dr. P aul
O 'S ullivan of G eoS e ps S e rvice s coordinate d those e fforts.
____T his publication has seve ral parts, the most important of
which is the geologic map showing the diffe re nt rock type s
uniqu e ly color-code d and symbolize d. T here is a cross se ction,
along the line labele d A-A' on the map, which shows the
inte rpre tation of the subsurface geology base d on exte nding
downward the data and inte rpre tations from the Earth's surface.
T he Explanation of U nits is a brie f description of e ach rock type
in the quadrangle with intrusive (once molte n) rocks followe d by
stratifie d, or laye re d, mostly me tamorphic rocks next. T hese are
liste d by age with the olde st at the bottom of e ach se ction. T he
Explanations of P atte rns, Lines, and S ymbols serve to explain the
significance of all symbols on the map. T he photo gallery shows
re pre se ntative outcrop images of key units and boundaries obse rve d
in the field. T he map was made and e dite d in ArcG IS  by the
Maine G e ological S urve y.

GEO LO GIC O VERVIEW

____Most of the be drock that underlies the G ile ad quadrangle is
stratifie d, or layere d, rock of probable S ilurian age (Photos 1-8)
that was de posite d as se dime nt on the se afloor in an ancient
marine se tting. T he rocks were subse qu e ntly change d into
me tamorphic rock and de forme d into folds by he at and pressure
cause d by plate collisions during the S alinic, Acadian, N eoacadian,
and Alleghanian orogenies, or mountain-building events, as the
contine nts, from west to e ast, of Laurentia, G anderia, Avalonia,
Meguma, and G ondwana successively collide d to form the
Appalachian Mountains (se e Major Te ctonic Eve nts be low). A
lesser amount of intrusive igneous rock, solidifie d from molte n
rock, is also pre sent in several small masses and one me dium-size d
mass ne ar the ce nte r of the map are a (Photos 9, 10). T here are
also thin she e ts representing molte n rock of several compositions
that were inje cte d into the me tamorphic rocks  (Photos 2, 8, 10,
11). T he intrusive rocks likely range in age from as old as
Devonian to as young as P e rmian.
____Fe atures attribute d to the extreme me tamorphic conditions
include abundant migmatite (rock that partially melte d and
solidifie d ne arly in place) (Photos 8, 11), as we ll as the pre sence
of minerals such as garne t (grossular) and andalusite that form at
high tempe rature s (Photos 1, 7). T he map highlights the boundary,
shown as a black solid or dashe d line with hachure s, be tw e e n
are as with abundant migmatite and are as that generally lack
migmatite. T he migmatization likely occurre d in the Late Devonian
to Early Carbonife rous time pe riod.
____T he map also shows a varie ty of folds that forme d when the
rocks we re extre me ly ductile during the Devonian and
Carbonife rous orogenies.  T here are two fold axes shown as longer
blu e lines with symbols on the map represe nting the e arliest folds
to form, calle d F1 folds, with wavelengths on the orde r of
kilome te rs. S e ve ral folds shown with shorte r blu e lines represent
the younger F2 folds that re folde d the e arlier F1 folds and have
wavelengths on the orde r of 100s of me te rs.
STRATIFIED RO CKS

____Mapping in the G ile ad quadrangle re ve ale d twe lve diffe re nt
me tase dimentary units de fining a stratigraphy that be st corre late s to
the S ilurian stratigraphy se e n in the Rangele y, Maine, region
(Moe nch and Boude tte, 1987) and more spe cifically the Rangeley,
P erry Mountain, S malls Falls, and Madrid Formations. T he
stratigraphy is poorly controlle d by grade d be ds, which would
typically allow one to establish the re lative orde r of the units.
O nly a fe w grade d be ds from the original deposition as marine
se diments we re found in the region, largely be cause the prevalent
migmatite has obscure d these primary se dimentary fe atures.
Lithologic corre lation of units in G ile ad to those of Rangeley,
Maine, couple d with the new geochronology results, discusse d
be low, support the conclusion that these rocks are S ilurian. T he
pre sence of be lts of rusty-we athering schists and quartzite s, biotite
and calc-silicate granofels, ubiquitous calc-silicate blocks, and rare
quartz pe bble conglome rate in unitsSsq, Ssqa, Ssqg, Ssqb, Ssg,
Ssrc, Ssqc, and Ssr are hallmarks of the Rangele y Formation in
ne arby N e w Hampshire (Eusden and others, 1996). T he cle an, light
gray to white quartzites of the Sqs, Sqsa, and Sqsb units are
typical of the P erry Mountain Formation, while de e ply rusty-
we athering schists and granofels of units Ssqrg and Ssqr are
typical of the S malls Falls Formation (Moench and Boude tte,
1987). Dark gray, purple to gre enish granofe ls of unit Sgf are
typical of the Madrid Formation (Moench and Boude tte, 1987).  In
places where there was lack of outcrop it was not possible to
furthe r subdivide certain parts of the stratigraphy, but else where it
was possible to subdivide when there was be tte r outcrop. For
example, unitsSqsa and Sqsb were subdivide d base d on excelle nt
ou tcrop on the S unday River ski trails but on the map's northwe st
border those units could only be groupe d toge ther as Sqs. For
similar re asons, units Ssqa, Ssqg, and Ssqb were groupe d
toge the r asSsq where outcrop control we nt from good to poor. In
the legend and on the map this separation/grouping was shown
with a saw-toothe d line. W e interpre t the oldest unit in the
stratigraphy to be unit Ssr found as a belt striking east-we st across
the lowe r ce nte r of the map. T he se cond youngest unit is Ssqr
that can be found in two belts along both the north and south
borders of the map. T he stratigraphy is arrange d in somewhat of a
mirror-image patte rn on either side of the oldest unit,Ssr. W e
inte rpre t this to be du e to an e arly F1 fold through the middle of
Ssr that re pe ats the patte rn.
____Compare d to the most re ce nt previous geologic map that
include d the G ile ad region (Moench and others, 1999), the current
be drock geologic map shows no evidence of the Devonian
Little ton Formation, which forme d the bulk of the pre vious map of
G ile ad. T he appare nt absence of the Little ton Formation on the
ne w map suggests that more mapping to the west and e ast of the
G ile ad quad is ne e de d to verify that no Devonian rocks are
pre sent.
____T he nature of the stratifie d rocks suggests seve ral things
regarding the paleo-e nvironme nt of the marine de positional basin.
Regions of eve nly be dde d laye rs re cord relative ly uninterrupte d
de position of laye r upon layer in a marine basin over perhaps
several million ye ars. In contrast, the pre sence of the blocks, pods,
and lense s of be dde d fragments of calc-silicate within a fine r-
graine d matrix suggest that these units were forme d by catastrophic
sub-marine de bris flows. T he blocks were broken up, perhaps
triggere d by e arthquakes in what was a seismically active basin,
and the n transporte d to de e per water to ultimately be e mbe dde d in
a clay matrix. An alternative hypothesis we favor less for these
blocks is that the proce ss of migmatization disrupte d the m afte r
de position and during the me tamorphism. Another fe ature that also
argues for a te ctonically active marine basin we re the rare pre-
migmatite  faults  that  juxtapose d  two  units  of  the
stratigraphy (Photo 6). T he quartz pe bble conglome rate (Photo 3)
also suggests active, high-energy de position, perhaps cause d by
localize d te ctonic uplift. T he rusty- and non-rusty-we athe ring nature

of the units re cords times when the basin of de position was either
de prive d of oxygen or not. O xygen-poor basins are considere d
anoxic and typically le ad to the formation of the iron sulfide
mine rals pyrite and pyrrhotite in the se diments. W hen these
mine rals are expose d to the surface by erosion they we athe r to
be come rusty brown schists. N on-rusty rocks re cord times whe n
the basin had be tte r oxygenation and circulation. T hese variations
in oce an circulation and available oxygen were largely du e to the
construction and re moval of se a floor barriers to circulation cre ate d
during active plate collisions and relate d de position of se diment
barriers.
____De trital zircon age population de nsity histograms for two
samples of unit Ssqg, informally calle d the Bog Brook granofe ls
by Eusde n and others (2017), yield maximum de positional ages of
427.6 ± 3.9 Ma and 419.5 ± 3.9 Ma, shown on the map as
geochronology localities A and B respe ctively. T ake n toge ther, the
me an maximum depositional de trital zircon age is circa 422 Ma
which place s this unit within the traditional age assignment for the
Late S ilurian Madrid Formation (Hatch and others, 1983). If the
Bog Brook granofels was corre late d to the Madrid Formation
base d upon their similar lithologies one would expe ct it to be
dire ctly in contact with rusty-we athe ring schist equivale nt to the
S malls Falls Formation. T hat is not the case.  Inste ad, the Bog
Brook granofe ls is surrounde d by gray schist and quartzite with
calc-silicate pods that are all characte ristic of the Early S ilurian
Rangele y Formation to which we have corre late d the Bog Brook
unit. T his ne w de trital age data is ne arly ide ntical to that done by
Bradley and O 'S ullivan (2016) in the Rangeley, Maine,
stratigraphy, and agre e s remarkably well with their 1st Acadian
De trital Zircon Cycle for the G re e nvale Cove, Rangeley, P erry
Mountain, and S malls Falls Formations composite. T his suggests
that se dime nt in both the Rangele y are a and in G ile ad was derive d
from the Laurentian (curre ntly west) side of the basin in the
S ilurian.

INTRUSIVE RO CKS

____T hre e broad types of intrusive igneous rocks were found in
the  G ile ad  quadrangle:  diorite  (Dgd),  muscovite-biotite granite
(CDg and PDgm), and pegmatite (PDgm and Pp). T he oldest,
base d upon cross cutting relationships, is Ddg, a suite of diorite,
quartz diorite, and biotite granite found in the southwe st part of
the map as small she e t-like sills typically intruding parallel to the
regional foliation in the me tamorphic rocks. T he age of these rocks
is only constraine d by corre lation to the ne arby S ongo P luton, a
lithologically similar rock re ce ntly date d by G ibson and others
(2017) to be 364 ± 1.3 Ma, within the Late Devonian. T his series
of intrusions may be the plutonic part of the Piscataquis V olcanic
Arc (Bradley and T ucke r, 2002), thought to be a subduction-relate d
arc complex that forme d during the Acadian O rogeny.
____T he muscovite-biotite granites are common in the G ile ad
quadrangle and appe ar as unfoliate d, sill-like bodies, most too
small to map as separate polygons on the geologic map. T wo
samples take n from unit CDg ne ar W he eler Mine yielde d U -P b
zircon ages of 349.2 ± 2.1 Ma (geochronology sample C) and
355.3 ± 2.3 Ma (geochronology sample C) placing these in the
Carbonife rous period but within uncertainty of the Devonian
pe riod. Lithologically these granites are almost ide ntical to granites
of the S e bago pluton which have be e n date d to 288 ± 13 and 297
± 14 Ma or within the Late Carbonife rous to P ermian pe riod
(S olar and T omascak, 2016), as well as granite s in the P re side ntial
Range that have be e n date d to 363 Ma or within the Late
Devonian (Eusde n and others, 2017). T here fore without
ge ochronologic control, the muscovite-biotite granites are give n a
wide range of age from the P ermian to Devonian, hence the
symbolPDgm. T he muscovite-biotite granites cut the diorite s, the
migmatitic laye ring, and the late F2 folds, and are in turn cut by
pegmatites. T he granites likely forme d from melte d continental
crust and possibly also the melt derive d from the migmatites.
____T he pegmatites are one of the more common rocks in the
G ile ad quadrangle and most outcrops have at le ast some amount of
pegmatite cutting through the older units. N e arly all of these
pegmatites are too small to show as polygons on the map. T he
pegmatites cross cut all other units and structures in the G ile ad
quadrangle exce pt for the latest brittle joints. T hese pegmatite s also
forme d from melte d continental crust. T he pegmatites in the G ile ad
quadrangle have not be e n date d but are likely as young as
P ermian or as old as Devonian base d on the pegmatite ages in
N e w England de te rmine d by Bradley and others (2016). T he cross
cutting pegmatite s at W he eler Mine must be younger than the
date d muscovite-biotite granites of Carbonife rous age and are
shown as P e rmian on the map. T he W he eler Mine pegmatites have
be e n mine d for feldspar and mica, and crystals of biotite up to 3
fe e t in le ngth can be found.

MIGMATITES

____T he migmatites are found throughout the southern half and
northwe st corners of the map. T hese partially melte d rocks forme d
whe n high heat flow from other magmas, or pe rhaps the mantle,
re sulte d in the partial melting of the stratifie d rocks. T he lighter
quartz and fe ldspar-rich portions of the migmatites are thought to
be the now frozen melt fractions while the darker biotite-rich
portions are the re sidual unmelte d fractions. T he proce ss of
migmatization happene d whe n the rocks were very ductile and
plastic, hence the once re latively planar layering in the stratifie d
rocks be cam e more distorte d and swirly in orientation. T he
migmatites correlate we ll to the S e bago Migmatite-G ranite
Complex date d to 376 ± 14 Ma or the Late Devonian-
Carbonife rous period by S olar and T omascak (2016).
DEFO RMATIO N

____T here are se veral phases of de formation that the rocks
experie nce d during successive plate collisions. T he first, mentione d
in the stratifie d rocks se ction, was characterize d by rare pre-
me tamorphic faults that forme d in an active te ctonic se tting
probably just afte r de position of the se dimentary rocks. As plate
collisions commence d the first generation of folds forme d, calle d
F1. T hese are re cognize d in the field by minor isoclinal folds and
more ofte n regions where the be dding and foliation are not paralle l
(shown by re d ovals on the map).  T he two regional F1 fold axial
traces shown as blue lines on the map represe nt regions where the
stratigraphy flips over and re pe ats itse lf by folding. T he northern
of the two F1 folds is somewhat be tte r controlle d as regions of
be dding and foliation that are not parallel have be e n observe d. T he
southern F1 fold within unit S sr is entire ly base d upon the
apparent stratigraphic re pe tition around that unit. T he F1 folding
pre-date d the migmatization. T he last folding event, F2, is marke d
by common, cm to m scale, open folds as well as larger folds
shown as blue lines on the map de te rmine d by regional changes in
the be dding and foliation. T he geome try of the F2 folds is ofte n
quite variable probably due to the folding of layers that were
alre ady distorte d and swirly by the migmatization that pre date d the
F2 folding. Late brittle fracture s or joints, with rare basalt dikes
paralle l to the m, are the last de formation. T hese probably
de velope d in the Jurassic during the rifting of P ange a.

SUMMARY

____T he major geologic and te ctonic events in the G ile ad region
are: (1) S ilurian deposition of the Rangele y, P e rry Mountain,
S malls Falls, and Madrid Formations followe d by minor pre-
me tamorphic faulting, perhaps during the S alinic orogeny; (2) Early
Devonian Acadian F1 folding and the onse t of regional
me tamorphism; (3) Middle Devonian wide spre ad migmatization
occurring around 376 Ma; (4) Late Devonian N eoacadian F2
folding: (5) Late Devonian N e oacadian e mplace ment of the diorites
at 364 Ma; (6) Carboniferous N eoacadian muscovite-biotite granite
e mplaceme nt at 350 Ma; (7) Carboniferous to P e rmian Alleghanian
emplaceme nt of the S e bago-age d mucsovite-biotite plutons and
even younger pegmatite s within the region; and (8) Jurassic brittle
fracturing and rare basalt dike intrusion around 200 Ma (?) during
the rifting of P ange a.

BEDROCK GEOLOGY OF THE GILEAD QUADRANGLE

Photo 9:Dark gray, salt-and-pe ppe r texture, plagioclase-quartz diorite
or tonalite (uppe r le ft), in contact with white muscovite ±biotite granite
or aplite (lowe r right). T hough the age re lationship is ambiguous in this
image, the granite is consiste ntly younger than the diorite in the study
are a. From map unit Ddg.About 1.2 miles north of the Androscoggin
River, east of Peabody Brook.

Photo 10:Me dium-graine d to fine-graine d muscovite-biotite granite
crosscut by coarse-graine d pegmatite dikes. From map unit PDgm.In
stream south of Ketchum in Old Speck Mountain quadrangle, 300 feet
north of Gilead quadrangle.

Photo 1:T hinly inte rbe dde d (1-10 cm) rusty-we athe ring sulfidic schist
and quartzite with a re ctangular calc-silicate pod. T he be dde d calc-
silicate granofe ls contains coarse grains of diopside, grossular, and
minor calcite, and may re pre sent a relict se dimentary clast. From map
unit Ssrc.Photo from Bethel quadrangle.

Photo 2:Matrix of dark gray biotite-quartz-plagioclase granofels with
a series of calc-silicate pods arrange d in an en e chelon patte rn (arrange d
above he ad shadow L to R across lower cente r of image). T he pods are
mine ralogically zone d, richer in grossular+diopside in the core and
richer in quartz+plagioclase+biotite at the rim. All rocks are cut by late
veins and stringers of pegmatite. From map unit Ssr.In Whites River, a
mile north of the Androscoggin River.

EXPLANATION OF UNITS
INTRUSIVE ROCKS

Permian-Devonian(?) [PD]

Devonian(?) [D]

Early Permian(?) [P]

Carboniferous-Devonian [CD]

STRATIFIED ROCKS

Silurian(?) [S]
N ote: Re fe re nces to name d formations are those de scribe d by Moench and Boude tte, 1987.

Ssq
Ssqb

Ssqa Ssqg
Inte rbe d d e d  gray sc hist and  quartzite, und iffe r e ntiate d  (Ssq).He teroge neous unit consisting of gray mica schist with
thin (1-5 cm) quartzite interbe ds. S ubordinate rusty-we athe ring schist, biotite granofels, and calc-silicate granofe ls. Calc-
silicate pods are common throughout the unit. (P ossibly part of the Rangeley Formation.)
Inte rbe d d e d  gray sc hist and  quartzite (Ssqa).Dominantly gray mica schist with thin (1-5 cm) quartzite interbe ds.
S ubordinate rusty-we athe ring schist, biotite granofels, and calc-silicate granofels. Calc-silicate pods are common
throughout the unit. Rare quartz-pe bble conglomerate. P se udomorphe d andalusite porphyroblasts are inte rpre te d to be
pre sent in the schist in a region south of Merrill Hill, N e wry, ne ar the e ast e dge of the map.

Biotite granofe ls (Ssqg).Me dium-graine d, granoblastic quartz-plagioclase-biotite granofels, with rare calc-
silicate granofe ls layers and minor gray schist.

Inte rbe d d e d  gray sc hist and  quartzite (Ssqb).G ray mica schist with thin (1-5 cm) quartzite interbe ds. Calc-silicate pods
are common throughout the unit. P se udomorphe d andalusite porphyroblasts are inte rpre te d to be pre sent in the schist in one
ve ry small region southe ast of Campbe ll Mountain.

Biotite granofe ls.Dark gray plagioclase-quartz-biotite granofels inte rlaye re d with rare purplish-gray to gre e n calc-silicate granofels and gray
schist.  Layers of gray mica schist in places.  (P ossibly correlates with the Madrid Formation.)Sgf

Rusty-we athe ring sc hist and  quartzite.Re d-brown rusty-we athering, locally pyrrhotitic mica schist, interbe dde d with gray quartzite.  Calc-
silicate pods are rare or abse nt.  (P ossibly corre late s with the S malls Falls Formation.)Ssqr

Rusty-we athe ring granofe ls.Discontinuous rusty-we athe ring granofels in the southe rnmost belt of the unit Ssqr.Ssqrg

Rusty-we athe ring sc hist.Re d-brown rusty-we athering mica schist with rare inte rbe dde d quartzite, and minor, discontinuous layers 1-3
me ters thick of quartz-plagioclase-biotite granofels.  Calc-silicate pods are common throughout the unit.  (P ossibly part of the Rangele y
Formation.)

Ssr

Rusty-we athe ring sc hist.Re d-brown rusty-we athe ring mica schist with thin (1-5 cm) quartzite interbe ds.  Minor discontinuous layers 1-3
me ters thick of quartz-plagioclase-biotite granofe ls and calc-silicate granofe ls.  S ome calc-silicate laye rs contain calcite.  Calc-silicate pods
rare or absent.  (P ossibly e quivalent to part of the Rangeley or the S malls Falls Formation.)

Ssrc

Gray sc hist.G ray mica schist with rare interbe dde d thin (1-5 cm) quartzite.  Calc-silicate pods rare or abse nt.  (P ossibly part of the Rangele y
Formation.)Ssg

Pe gm atite.Coarse to very coarse-graine d e quigranular pegmatite. Minerals include quartz, feldspar, muscovite, and biotite. O bse rve d
mine ral grain size is typically less than 5 centime te rs (cm) (2 inches [in]) in length and width, with extreme cases up to 30 cm (12 in) in
le ngth. S izes of the distinct mineral types varie d at e ach pegmatite outcrop.

Pp

Musc ovite-biotite granite and  pe gm atite, und iffe r e ntiate d .Me dium-graine d to fine-graine d granite, locally containing garne t±tourmaline.
P egmatite of the same mineralogy occurs with the granite, in various proportions.  T his granite and pegmatite unit occurs in seve ral mostly
small, mappable plutons.  Dikes and sills of the same granite and pegmatite are also prese nt throughout the migmatite regions.  Blocks or
schliere n of me tase dime ntary rocks within the unit may have me asure d be dding or schistosity.  T his granite may be relate d to granite s of the
S e bago pluton in southern Maine.

PDgm

Musc ovite-biotite granite.Me dium-graine d e quigranular granite. Mottle d appe arance du e to the combination of minerals including quartz,
potassium and plagioclase feldspars, muscovite, biotite, and accessory minerals. T he plutons we re inje cte d as sills following strike of the
me tase dimentary units, and prese nt as oblong ellipses in map vie w. A minor porphyritic phase of the muscovite-biotite granite exists at
several outcrops. T he porphyritic granite has a me dium-graine d matrix and phe nocrysts of potassium feldspar, approximate ly 0.25 to 1.5 cm
(0.1 to 0.6 in) in length.  Blocks or schliere n of me tase dimentary rocks within the unit may have me asure d be dding or schistosity.

CDg

Diorite, quartz d iorite, and  biotite granite, und iffe re ntiate d .Fine-graine d to me dium-graine d, equigranular, "salt-and-pepper" diorite,
quartz diorite, and/or biotite granite.  P lutons are he te roge ne ous, containing thin dikes of diorite and biotite granite 1 to 10 me te rs across, as
well as less abundant and smaller dikes of muscovite-biotite granite and pegmatite.  Blocks or schliere n of me tase dimentary rocks within the
unit may have me asure d be dding or schistosity.  Most plutons follow the strike of surrounding me tase dimentary units and are unde forme d by
folding eve nts.  T hese rocks may be re late d to those of the S ongo P luton, mappe d south of the Androscoggin River (G ibson and Lux, 1989).

Dd g

Gray sc hist and  quartzite with c alc-silic ate pod s.He teroge neous unit of variably inte rbe dde d gray schist and quartzite (1-5 cm), with rare,
discontinous layers 1-3 me te rs in thickness of quartz-plagioclase-biotite granofels, and blocks of be dde d, slightly rusty-we athering granofe ls
in migmatite.  Calc-silicate pods are common throughout the unit.  (P ossibly part of the Rangele y Formation.)

Ssqc

Field work by J. Dykstra Eusden and Riley Eusde n,
2012; J. Dykstra Eusde n, S ae byul Choe, and S ula
W atermulder, 2014; and J. Dykstra Eusde n, Audre y
W he atcroft, and Erik Divan, 2016.

SO URCES O F GEO LO GIC INFO RMATIO N

EXPLANATION OF PATTERNS

Are a within stratifie d rocks with abundant small inje ctions of granite and pegmatite (PDgm).

Early (F1?) hinge zone. S tructural region in which schistosity (S 1) is not paralle l to be dding (S 0). In most of the map are a, schistosity is
paralle l to be dding, which implies position on the limbs of schistosity-relate d folds.

Region in which aggregate s of muscovite+quartz are wide spre ad in schists. T he aggregate s are interpre te d to be pse udomorphs in which
andalusite porphyroblasts of an e arlier me tamorphic event have be e n comple te ly replace d by muscovite+quartz in a later me tamorphic eve nt.
N o relict andalusite is known from these regions.

EXPLANATION OF LINES

Boundary of migmatite are a. May be a sharp or gradational boundary. Hachure s point toward migmatitic rocks
(we ll locate d, approximately locate d, poorly locate d).

Approximate stratigraphic limit where an undiffe re ntiate d unit can be divide d into distinct stratigraphic units.
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Contact be tw e e n rock units, of stratigraphic or intrusive origin
(well locate d, approximately locate d, poorly locate d, existence inferre d).

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !? ? ? ? ? ?

T race of the axial surface of a regional syncline and anticline (with an overturne d se ction) that forme d e arly in the de formational se que nce (F1?),
or local antiforms and synforms that forme d late in the de formational se qu e nce (F2).

Locations interpre te d from map patte rn of curve d unit contacts.

F2 F2F1? F1?  F1?

INTERPRETIVE CROSS SECTION

REFERENCES

TABLE 1: GEOCHRONOLOGY
Loc ation Unit Mine ral Method  Age ±2σ (Ma) Refe r e nc e  
A Ssqg De trital zircon U -P b 427.6 ± 3.9 W he atcroft, 2017 
B Ssqg De trital zircon U -P b 419.5 ± 3.9 W he atcroft, 2017 
C CDg Zircon U -P b 349.2 ± 2.1 W he atcroft, 2017 
D CDg Zircon U -P b 355.3 ± 2.3 W he atcroft, 2017 

Locations are shown on the map by a le tte r in a blue circle.  De trital zircon ages are maximum de positional ages; zircon ages are crystallization ages. 
 

Photo 16: U nit CDg, a muscovite-biotite granite, exhibiting the
uncommon porphyritic texture with phenocrysts of potassium fe ldspar.
West of Pine Mountain.

Photo 15: U nit Ssrc, a mode rately rusty-we athe ring, well be dde d,
coarse schist and fine quartzite with be dding parallel to foliation.West
flank of Peaked Hill.

EXPLANATION OF SYMBOLS

N ote: S tructural symbols are drawn paralle l to strike or tre nd of me asure d structural fe ature. Barb or tick indicates dire ction of dip, if known. Annotation
gives dip or plunge angle, if known. For most planar fe atures, symbol is ce nte re d at observation point; for joints, observation point is at end of strike line
opposite dip tick. For line ar fe atures, tail of symbol is at observation point. Multiple me asureme nts at a site are repre sente d by combine d symbols.
S ymbols on the map are graphical repre sentations of information store d in a be drock database at the Maine G eological S urvey. T he database contains
additional information that is not displaye d on this map.

O utcrop of mappe d unit
(no structural information available, additional structural information available).

Float, pre sume d to re prese nt underlying be drock.

O ccurrence of aggregates of muscovite+quartz, interpre te d to be me tamorphic pse udomorphs, possibly replacing
andalusite.
O ccurrence of pre-me tamorphic fault, indicate d by disruption in be dding. N ot expose d well e nough to de te rmine
orientation.

S tructural ele ments of folds which have schistosity parallel to their axial plane, and are pre sumably the same age as the
schistosity (fold hinge, plunging; incline d axial plane).

Be dding (incline d, top dire ction indicate d; incline d, be dding overturne d; incline d, top dire ction unknown; vertical, top
dire ction unknown).
S chistosity (incline d, vertical).

S tructural ele ments of folds which de form be dding and schistosity, and so are younger than the schistosity (fold hinge,
plunging, with unknown asymme try; fold hinge, plunging, with right-hande d asymme try; incline d axial plane).

Basalt dike, presumably of Jurassic age (incline d).

Minor fault, oblique se nse of motion, unknown displacem ent (incline d).

Dike of unusual composition. A brown, me dium-graine d, biotite-rich rock with granular texture. S traight, sharp contacts.
Biotite has pre fe rre d alignme nt parallel to contacts. Dike is 1-15 cm wide.

S lickenline on fault surface (plunging).
Joint (incline d, vertical).

Location of numbe re d photograph shown in side bar. S ome photographs are from the Be thel quadrangle to the e ast (Eusden,
2013), or the O ld S pe ck Mountain quadrangle to the north.
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 O utcrop of pegmatite.
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1

Bradley, D.C., and O ’S ullivan, P., 2016, De trital Zircon G eochronology of P re- and S yncollisional S trata, Acadian O rogen, Maine Appalachians: Basin 
Rese arch, v. 29, no. 5, p. 571-590. 

Bradley, D.C., and T ucker, R., 2002, Emsian S ynorogenic P aleogeography of the Maine Appalachians: Journal of G e ology, 110, 10/8/2013-483-492. 
Bradley, D.C., S he a, E., Buchwaldt, R., Bowring, S ., Benowitz, J., O 'S ullivan, P.B., and Mccaule y, A., 2016, G eochronology and te ctonic context of lithium-

cesium-tantalum pegmatites in the Appalachians: T he Canadian Mineralogist, v. 54, p. 945-969. 
Brady, J.J., 1991, T he be drock geology of the Be thel, Maine are a: M.S . thesis, U niversity of Maine, O rono, Maine, 150 p. 
Choe, S .C., 2014, P e trographic Analysis and T e ctonic Implications of the P lutons in the G ile ad 7.5′ Q uadrangle: Conne ctions to the P iscataquis V olcanic Arc 

and S e bago Batholith: Departme nt of G e ology, Bates College, Le wiston, Maine, S tandard T heses 18.  https://scarab.bate s.e du/geology_these s/18 
Divan, E.J., 2017, S alinic to N e oacadian De formation within the Migmatite Zone of the Central Maine Belt in W este rn Maine: Departme nt of G e ology, Bates 

College, Le wiston, Maine, S tandard T heses 32. https://scarab.bate s.e du/geology_these s/32 
Eusde n, J.D., 2013, Bedrock geology of part of the Be thel quadrangle, Maine: Maine G e ological S urve y, Draft map, June, 2013, scale 1:24,000. 
Eusde n, J.D., Jr., G aresche, J., Johnson, A., Maconochie, J., P e te rs, S . C., Rosbrook, J., and W idmann, B., 1996, S tratigraphy and ductile structure of the 

P residential Range, N . H.: T e ctonic implications for the Acadian orogeny: G eological S ocie ty of America Bulle tin, v. 108, p. 417-436. 
Eusde n, J.D., Baker, S ., Cargill, J., Divan, E., Hillenbrand, I., O 'S ullivan, P., and W he atcroft, A., 2017, T ranse ct from the migmatize d Central Maine Belt to 

the Bronson Hill Anticlinorium: in Johnson, B. and Eusde n, J.D. (editors), G uide book for field trips in weste rn Maine and northern N e w Hampshire: 
N e w England Inte rcollegiate G e ological Confe re nce, p. 287-304. 

G ibson, D., and Lux, D.R., 1989, P e trographic and geochemical variations within the S ongo pluton, weste rn Maine: in T ucker, R.D., and Marvinney, R.G . 
(e ditors), S tudies in Maine geology:  V olume 4 - igneous and me tamorphic geology:  Maine G e ological S urve y, p. 87-100. 

G ibson, D., O sthoff, D., and Rerrick, C., 2017, Field relations, pe trography and provenance of mafic dikes, weste rn Maine: in Johnson, B. and Eusde n, J.D. 
(editors), G uide book for field trips in weste rn Maine and northern N e w Hampshire: N e w England Inte rcollegiate G e ological Confe re nce, p. 273-286. 

Hatch, N .L., Jr., Moench, R.H., and Lyons, J.B., 1983, S ilurian-Lower Devonian stratigraphy of e aste rn and south-ce ntral N e w Hampshire; exte nsions from 
weste rn Maine: American Journal of S cie nce, v. 283, no. 7, p. 739-761. 

Moench, R.H., and Boude tte, E.L., 1987, S tratigraphy of the Rangele y are a, weste rn Maine: in Roy, D.C. (editor), N orthe aste rn se ction of the G e ological 
S ocie ty of America:  G eological S ocie ty of America, Cente nnial Field G uide, v. 5, p. 273-278. 

Moench, R.H., Boude tte, E.L., and Bothner, W .A., 1999, T e ctonic lithofacies, geophysical, and mineral-resource appraisal maps of the S herbrooke-Le wiston 
are a, Maine, N e w Hampshire, and V ermont, U nite d S tate s, and Q ue be c, Canada: U .S . G e ological S urve y, Miscellaneous Investigations S eries Map, 
I-1898-E, 114 p., 3 she e ts. 

S olar, G .S ., and T omascak, P.B., 2016, T he Migmatite-G ranite Complex of southern Maine: Its structure, pe trology, geochemistry, geochronology, and 
relation to the S e bago P luton: in Berry, H.N ., IV , and W est, D.P., Jr. (editors), G uide book for field trips along the Maine coast from Maquoit Bay to 
Muscongus Bay: N e w England Inte rcollegiate G e ological Confe re nce, p. 19-42. 

S olar, G .S ., T omascak, P.B., and Brown, M., 2017, Relations be twe e n de formation, me tamorphism, melting and pluton emplace me nt at the migmatite front: in 
Johnson, B. and Eusde n, J.D. (editors), G uide book for field trips in weste rn Maine and northern N e w Hampshire: N e w England Inte rcollegiate 
G e ological Confe re nce, p. 217-246. 

W ate rmulder, S .Q., 2014, Depositional S e tting and De formation History of Central-W este rn Maine: S ilurian S tratigraphic Revisions for the N e wry-G ile ad 
Region: Departme nt of G e ology, Bates College, Le wiston, Maine, S tandard T heses 17. https://scarab.bate s.e du/geology_theses/17 

W he atcroft, A., 2017, Bedrock G eology, S tratigraphy and G eochronology in the Migmatite T errain of the S outhern G ile ad 7.5’ Q uadrangle, W este rn Maine: 
Departme nt of G e ology, Bates College, Le wiston, Maine, Honors T heses 196. https://scarab.bate s.e du/honorsthese s/196 

Sqs
Sqsb

Sqsa

Quartzite with m inor gray sc hist (Sqsa).Light gray quartzite, in me dium to thick be ds (10-50 cm); well be dde d and
poorly grade d. Contains sparse, thin inte rbe ds of gray schist, 1 to 5 cm in thickness. Calc-silicate pods are rare or abse nt.

Quartzite with m inor gray sc hist, und iffe re ntiate d  (Sqs).Light gray quartzite, in be ds of variable thickness; well
be dde d and poorly grade d. Contains thin inte rbe ds of gray schist, 1 to 5 cm in thickness. S ome se ctions have abundant calc-
silicate pods, while in other se ctions they are rare or abse nt. (P ossibly corre late s with the P erry Mountain Formation.)

Quartzite and  sc hist with c alc -silic ate pod s (Sqsb).Light gray quartzite in be ds 5 to 25 cm thick, some what thinne r than
those in unit Sqsa; well be dde d and poorly grade d.  Contains inte rbe dde d gray schist in be ds, 5 to 15 cm in thickness, and
calc-silicate pods.  S ome calc-silicate pods are zone d, with cores richer in grossular+diopside and rims richer in
biotite+plagioclase.  In a region northe ast of Campbell Mountain, the schist contains coarse-graine d aggregate s of
muscovite and quartz inte rpre te d to be pse udomorphe d andalusite porphyroblasts.

Photo 13:U nit Sqsb showing region where be ds of coarse schist and
fine quartzite exte nd le ft to right across the photo and foliation is
paralle l to the hammer handle indicating the prese nce of a minor F1
fold.Approximately 3,100 feet south of where Bog Brook crosses Route
2.

Photo 14: U nit Ssqg, a biotite plagioclase granofe ls, at Bog Brook
where geochronology sample A yielde d a maximum depositional age of
427.6 ± 3.9 Ma.On Bog Brook.

Photo 12:An unusual, biotite-rich dike inje cte d along joint surface s
and cutting across moderately rusty-we athering migmatite. From map
unit Ssrc.Road cut on Route 2, northeast flank of Peaked Hill.

Photo 11: Rare, thin, basalt dike cutting across a block of gray
migmatite (Ssqc) inDdg.From Whites Brook, about 0.8 mile north of
the Androscoggin River.

Photo 7: Q uartz-rich schist with 0.5 to 1 cm oval to circular
quartz+muscovite lumps that are possibly pse udomorphs of andalusite.
From map unit Sqsb.About 0.7 mile south of Whites Notch, Bear
Mountain.

Photo 8:Contorte d migmatite compose d of thinly be dde d (1-10 cm)
gray quartzite and darker gray schist. T he migmatite is cut by a zone d
pegmatite stringer, 40 cm thick. From map unit Ssqc.South side of
Route 2, east of Gilead.

Photo 5: T hinly laminate d quartz-plagioclase granofels and biotite-
quartz-plagioclase granofe ls. From map unit Sgf.Along Sunday River
near Frenchman's Hole, Old Speck Mountain quadrangle.

Photo 6:O ffse t of be dding with diffe rent be d thickness on either side
of a boundary in map unit Ssqg. T he e ntire outcrop has be e n
me tamorphose d and migmatize d to the same degre e, so pre sumably the
boundary (fault?) is pre-me tamorphic in age. It could be a soft se diment
slump or a te ctonic fault that de ve lope d e arly in the se qu e nce of
de formation, perhaps during the S alinic O roge ny.Northwest slope of
North Peak, Sunday River ski area.

Photo 4:W e ll-be dde d, poorly grade d, thick, 2-30 cm, white to light
gray quartzites and thin, 1-5 cm, knobby schists. From map unit Sqsb.
At the top of Aurora Peak, Sunday River ski area.

Photo 3: T he only outcrop of a quartz-pe bble conglomerate with a
schist matrix found in the entire study are a. From map unit Ssqb.
North Peak, Sunday River ski area.
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* In millions of ye ars be fore prese nt.  (W alker, J.D., G eissman, J.W ., Bowring, S .A., and Babcock, L.E., compilers,
2012 G eologic Time S cale v. 4.0:  G eological S ocie ty of America, doi: 10.1130/2012.CT S 004R3C.)


