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Geologic Map 16-6
2016 (Corrected 2019)

This map supersedes
Geologic Map 08-78.

Address: 93 State House Station, Augusta, Maine  04333
Telephone: 207-287-2801 E-mail: mgs@maine.gov
Home page: http://www.maine.gov/dacf/mgs/

Maine Geological Survey

Photo 1: Th in, folded beds of th e Eliot Form ation at th e type locality at Lee
Five Corners, New  Ham psh ire.

Fine-grained to m edium -grained gray granodiorite.

EXPLANATION OF UNITS
INTRUSIVE ROCKS
Cretaceous [K]

Kagd

EXPLANATION OF SYMBOLS
P LANAR  FEATU R ES.  Sym bol is oriented parallel to strike of feature.  Dip direction indicated
by tick or barb.  Dip angle given in degrees.

Maine

P ortland Bath

Kittery

Gloucester

Concord

Low ell

Lake
W innipesaukee

Photo 2: Glacially polish ed Eliot Form ation, gravel pit in Saco, Maine.

Base m ap features from  Maine Office of GIS - E911 roads, 1:24,000 National Hydrograph y Dataset,
U SGS GNIS placenam es, 1:100,000 bath ym etric contour lines (10 m eter intervals), and 1:24,000
political boundaries.  Sh aded relief base m ap from  10 m eter digital elevation m odel.  Map projection
U niversal Transverse Mercator, North  Am erican Datum , 1927.
Th e use of industry, firm , or local governm ent nam es on th is m ap is for location purposes only and
does not im pute responsibility for any present or potential effects on th e natural resources.Approxim ate Mean

Declination, 2015
16.5o W  (not to scale)

True North

Magnetic North



EXPLANATION OF LINES
Contact between mapped units.  Interpreted to be of stratigraph ic or
intrusive origin.





Photo 3: Graded beds in th e Kittery Form ation along th e sh oreline in
Y ork, Maine. A graded bed (tw o of w h ich  are w ell sh ow n) h as a ligh t
gray m etasandstone low er part th at grades upw ard into a dark
m etash ale, w h ich  is in sh arp contact w ith  th e overlying m etasandstone.
Th ese beds top to th e righ t of th e ph oto and are inclined because of
folding. Th e graded bed m arked by th e arrow  is approxim ately eigh t
centim eters th ick.

Photo 4: Flute casts in Kittery Form ation at Moody P oint, W ells, Maine.

Photo 5: Berw ick Form ation at type location, South  Berw ick, Maine,
Salm on Falls R iver. Note typical m edium  bedded ch aracteristic of th e
form ation.

Photo 6: Bedding typical of th e Gully Oven Form ation at an exposure
along Goding R oad, Sanford, Maine. Note th e conspicuous graded bed
under th e notebook (ligh t colored m etasiltstone grading upw ard into
dark colored m etash ale. Th e beds are steeply inclined because of
folding during th e Acadian orogeny.

Photo 7: Bedding typical of th e East R och ester Form ation exposed in
Little R iver, Lebanon, Maine. Arrow  points to a graded bed th at
indicates th ese beds are overturned. Photo 8: Th in garnet-quartz granofels (coticule) bed in th e Gully Oven

Form ation, R oute 16 road cut, R och ester, New  Ham psh ire.

Photo 9: Stringers of th e Biddeford granite (ligh t colored, g) cutting
th e Kittery Form ation (dark, k), Biddeford P ool, Maine.

Photo 10: Earlier recum bent folds of th e Kittery Form ation, Marginal
W ay footpath , Ogunquit, Maine.

Photo 11: U prigh t folds of th e Kittery Form ation along Y ork, Maine,
sh oreline.

Photo 12: P h yllonite at Ch urch R oad along Turkey Street, North
Berw ick, Maine.

Photo 14: Th inly lam inated am ph ibolite, possibly representing m afic
volcanic rocks in th e R ye Com plex at Sew ards P oint, Kittery, Maine.

Photo 13: Sh eared beds of m etasiltstone (m edium  gray) and m etash ale
(dark gray) typical of th e R ye Com plex at Fort Foster, Kittery, Maine.

Photo 16: A 2-m eter-th ick, brow n-w eath ering diabase dike cutting th e
Kittery Form ation, in turn cut by a th inner basalt dike. Sh oreline north
of Bald Head Cliff, Y ork, Maine.Photo 15: Q uartz-feldspar gneiss, R ye Com plex, New  Castle, New

Ham psh ire, Coast Guard station. Th e blastom ylonitic texture in th e
gneiss is th e product of extrem e early sh earing. Th is exposure also
contains late pseudotach ylite (frictional m elt rock) in S-sh aped gash es
form ed by late sh earing.
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INDEX TO NAMED FAULTS AND PLUTONS, KITTERY
AND EASTERN CONCORD 1:100,000 QUADRANGLES

For age uncertainties and sources, see accompanying MGS Bulletin B-45.
Geology west of 71°W longitude modified from Lyons and others (1997).

Intrusive Rocks
Fault or shear zone

Berwick Formation

Cretaceous

Merrimack Group

Permian, Carboniferous, or Devonian

Phyllonite at Church Road

Rye Complex

Shapleigh Group

Triassic

Explanation

Metamorphic Rocks

ALFRED COMPLEX

Medium -grained buff m onzodiorite.Kamd

Dark brow nish  gray gabbronorite.Kagn

Medium  gray, m edium -grained, anorth ositic gabbronorite (as th in
layers w ith inKagn.Kagna

CAPE NEDDICK COMPLEX

P oikilitic gabbro, gradational from Kcc.Kcpg

Cortlandtitic gabbro.  Dark gray m afic-rich  gabbro w ith  large poikilitic
h ornblende ph enocrysts.Kcc

Medium  gray anorth ositic gabbro.Kca

Medium  dark gray gabbro, com m only w ith  th in ligh ter gray gabbro layers.
Som e layers are pegm atitic gabbro.  Th in unit of breccia along south  and east
m argins of th e com plex.

Kcg

TATNIC COMPLEX
Y ounger Funnel

Medium  olive-gray to ligh t buff quartz diorite, com m only w ith  abundant
inclusions of dark gray porph yritic and aph anitic basalt.Ktqd

Dark gray olivine gabbro w ith  abundant h ornblende and biotite.Ktog

Older Funnel
Dark gray gabbronorite w ith  large, elongate poikilitic h ornblende
ph enocrysts.Ktpg

Medium  gray coarse-grained anorth ositic gabbronorite.Kta

Dark brow nish -gray gabbronorite.Ktgn

LEBANON PLUTON.  Deeply w eath ered, dark gray, m agnetite-bearing gabbro-
diorite.Klg

Cretaceous-Jurassic(?) [KJ]
Diabase.  Large dikes are m apped to scale.  Num erous sm aller dikes, som e of w h ich
are sh ow n by red lines or sym bols on th e m ap, intrude all stratified rocks and older
intrusive rocks.

KJd

 JACKS COVE GABBRO.  Dark gray, coarse diabase w ith  sw irled layering.KJg

Breccia.  Tw o areas of explosion breccia on Gerrish  Island, Kittery.  Includes
fragm ents of th e R ye Com plex and older felsic and basalt dike rocks.KJeb

Triassic []
AGAMENTICUS COMPLEX

Fine-grained to m edium -grained, pink biotite granite.b

Gray to ligh t pinkish -gray, m edium -grained aegirine alkalic granite.ag

Ligh t buff, alkaline quartz syenite w ith  irregular texture.qs

Ligh t gray to ligh t buff, fine-grained to m edium -grained, alkaline granite.g

Mesozoic(?) []

Medium  to dark olive green, m edium -grained to coarse-grained, alkaline
syenite.s

Dark to m edium  green, porph yritic aenigm atite syenite.as

CHASE STOCK.  Gray, m edium -grained olivine-pyroxene-am ph ibole-biotite quartz
syenite discovered by sam pling th e sea floor.  Contact of subm erged body is inferred.c

Permian [P]
LYMAN PLUTON.  Biotite-m uscovite-garnet granite and pegm atite.Plg

Carboniferous-Devonian(?) [CD]
SACO PLUTON.  Dark greenish -gray, foliated and m etam orph osed gabbro.CDsg

Devonian [D]

NISBITT POND PLUTON.  Ligh t gray, porph yritic m uscovite-biotite granite.Dnp

Ligh t gray to pink, biotite-m uscovite granite and rare pegm atite.Dwb
WEBHANNET PLUTON

Ligh t gray, m edium -grained to coarse-grained biotite granite w ith  sph ene
and epidote.Dwg

Medium  gray, fine-grained, porph yritic biotite-h ornblende granodiorite and
quartz diorite.Dwgd

BIDDEFORD PLUTON.  Ligh t gray, m edium -grained biotite granite and rare
pegm atite.Dbig

BARRINGTON PLUTON.  Biotite-m uscovite granite and pegm atite.Dbag

BREAKFAST HILL GRANITE.  Foliated m uscovite-biotite granite w h ich  intrudes
th e R ye Com plex.Dbh

EXETER PLUTON.  Medium  gray, m edium -grained quartz diorite and diorite;
m inor gabbro.Deg

Devonian(?) [D]
Granite and pegmatite.  Biotite-m uscovite granite and pegm atite.Dg

Pegmatite.  On New  Castle Island, New  Ham psh ire.Dp

ROCHESTER PLUTONS.  Medium -grained to coarse-grained biotite quartz
diorite.Dqd

Diorite.  Medium -grained, w eakly to strongly foliated h ornblende-biotite diorite.Dd

STRATIFIED ROCKS
Devonian [D]

EAST ROCHESTER FORMATION (new  nam e).  W ell-bedded m uscovite-
biotite-garnet-sillim anite (or andalusite)-staurolite sch ist and m icaceous quartzite.
P robably equivalent to th e Littleton Form ation (New  Ham psh ire) and th e
Carrabassett Form ation (Maine).

Der

Devonian-Silurian [DS]
Calc-silicate and biotite granofels (unnam ed).  P robably equivalent to th e
Madrid Form ation (Maine) and th e W arner Form ation (central New  Ham psh ire).DScb

Silurian [S]
TOWOW FORMATION.  R usty-w eath ering sch ist and graph itic sch ist.
P robably equivalent to th e Sm alls Falls Form ation (Maine and New  Ham psh ire).St

MERCHANTS ROW GRITS (new  nam e).  Q uartz granule grit in
rusty-w eath ering sch ist m atrix, som e blue quartz grains.  P robably
equivalent to th e W ild Goose Grit, Strafford, New  Ham psh ire (Eusden
and oth ers, 1987).

Stmr

GULLY OVEN FORMATION (Th om pson, 2004).  W ell-bedded m uscovite-
biotite-staurolite-andalusite-garnet sch ist and m icaceous quartzite w ith  rare pink
quartz-garnet granofels (coticule).  P robably equivalent to th e P erry Mountain
Form ation (Maine and New  Ham psh ire).

Sgo

RINDGEMERE FORMATION.  P oorly-bedded to m oderately w ell-bedded
biotite-m uscovite-garnet-staurolite-andalusite (or sillim anite) sch ist.  P robably
equivalent to th e R angeley Form ation (Maine and New  Ham psh ire).

Sr

R usty-w eath ering m uscovite-biotite sch ist.Srr

Calc-silicate granofels and m arble.Src

------------------------------ fault ------------------------------

PHYLLONITE AT CHURCH ROAD.  Silvery-gray m uscovite-biotite-garnet-
staurolite ph yllonite w ith  abundant deform ed quartz veins.  Sch em atic pattern of
w avy lines in th e m ap unit indicates th e rocks are strongly sh eared.

------------------------------ fault ------------------------------

BERWICK FORMATION.  Medium -bedded, m edium  brow nish  gray,
feldspath ic quartz-biotite granofels, greenish calc-silicate granofels, and
subordinate quartz-biotite sch ist.

DSb

------------------------------ fault ------------------------------

KITTERY FORMATION.  V ariably th in- to th ick-bedded, buff-w eath ering,
feldspath ic and calcarous m etaw acke.  Ch aracterized by w ell-developed prim ary
structures including graded bedding, ch annel cuts-and-fills, sm all scale cross-
bedding, flam e structure, and flute casts.

Sk

R usty-w eath ering h ornfels or granofels and ph yllite.Skr

ELIOT FORMATION.  Generally th in-bedded gray calcareous and ankeritic
quartz-biotite-ch lorite ph yllite and m etasiltstone, and dark gray biotite-ch lorite-
m uscovite ph yllite.

Se

STRONGLY DEFORMED ROCKS
Ordovician-Cambrian [O]

RYE COMPLEX.  Strongly m ylonitic, com plex association of quartz-plagioclase-
biotite gneiss, calc-silicate gneiss and biotite gneiss, biotite-m uscovite-staurolite-
sillim anite (or andalusite) gneiss, and extensively m igm atitic equivalents of th ese rock
types.  Minor dark gray graph itic sch ist and im pure m arble.

Or

Am ph ibolite.Ora

Blastom ylonitic quartzo-feldspath ic gneiss.Orbg

U nits colored below  ground surface.
No vertical exaggeration. Jurassic-Triassic dikes are sh ow n sch em atically by th in red lines.
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F1

Nonesuch River fault Mt. Agamenticus Cape Neddick

A'A

Approximate outline of submerged Chase Stock.  Inferred from
bath ym etry and subm arine backscatter im agery (see Bulletin 45).
Brittle, high-angle fault.  Com m only m arked by bull quartz, breccia, or
offset m ap units. U = upth row n side,D = dow nth row n side, if know n.
Interpreted to be of Mesozoic age.
Ductile fault, ultramylonite present.  V ariably oriented.  Last m otion
interpreted to be of P erm ian age.
Ductile fault, phyllonite present.  P robably h igh -angle.  Not w ell exposed.
Arrow s indicate sense of strike-slip m otion, if know n.  Interpreted to be of
Carboniferous-Devonian(?) age.

Thrust fault.  Teeth  on upper plate.  Fault plane dips to north w est at current
level of exposure.  Displays som e late brittle displacem ent.
Fault of unknown type.  Inferred from  stratigraph ic relationsh ips.  Of
presum ed Carboniferous-Devonian age.

Axial trace of upright fold.  Num ber indicates relative age from  oldest (F1)
to youngest (F3) (synform , antiform ).
Axial trace of overturned fold.  Arrow s indicate direction of dip.  Num ber
indicates relative age from  oldest (F1) to youngest (F3) (synform , antiform ).

Line of cross section.
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EXPLANATION OF PATTERNS
Hornfels or granofels, in contact m etam orph ic aureole near a pluton.

LINEAR  FEATU R ES.  Sym bol is oriented parallel to trend of feature.  P lunge direction tow ard
h ead of arrow .  P lunge angle given in degrees.

Kittery 1:100,000 Quadrangle,
Maine and New Hampshire

Bedrock Geology of the

Funding for the preparation of this map was provided in part by the U.S. Geological Survey
STATEMAP Program, Cooperative Agreement No. 03HQAG0068.

Prepared in cooperation with the New Hampshire Geological Survey.

20
 Basalt, diabase, or m afic dike (inclined, vertical, orientation unknow n).

Com positional layering in m etam orph ic rock (inclined).
20

Com positional layering in igneous rock (inclined, vertical). 
20

Metam orph ic foliation or sch istosity (inclined, vertical).
 

20

Cleavage (inclined).
20

Axial plane of m inor fold (inclined).
20

Sh ear zone (inclined, vertical). 

Joint (inclined, vertical). 20

Geoch ronology sam ple location.A(

Intersection lineation. 20

Mineral lineation. 20

Fold h inge (rotational sense clockw ise, neutral, counterclockw ise, unknow n).
 20 20

 20 20

For additional information, see
Bulletin 45 (Hussey and others, 2016).

Bedrock geologic mapping by
Arthur M. Hussey II, Wallace A. Bothner, and Peter J. Thompson

Geologic editing by
Henry N. Berry IV

Digital cartography by
Susan S. Tolman

Christian H. Halsted State Geologist
Robert G. Marvinney Cartographic design by

Robert D. Tucker
Christian H. Halsted

INTERPRETIVE CROSS SECTION

 

REFERENCES 
 
Blom sh ield, R .J., 1975, Superposed deform ations on th e Isles of Sh oals, Maine-New  Ham psh ire: M.S. th esis, 
U niversity of New  Ham psh ire, Durh am , 54 p. 

Bothner, W .A., unpublish ed m apping. 
Bothner, W .A., and Hussey, A.M., II, 1999, Norum bega connections: Casco Bay, Maine, to Massach usetts?  In 
Ludm an, Allan, and W est, D.P ., Jr. (editors) Norum bega fault system  of th e north ern Appalach ians: Geological 
Society of Am erica, Special P aper 331, p. 59-72. 

Brooks, J.A., 1986, Bedrock geology of New  Ham psh ire's inner continental sh elf: M.S. th esis, U niversity of New  
Ham psh ire, Durh am , 127 p. 

Brooks, J.A., 1990, Th e petrogenesis of th e Agam enticus Com plex and late P aleozoic and Mesozoic tectonics in 
New  England: P h .D. dissertation, U niversity of New  Ham psh ire, Durh am , 317 p. 

Carrigan, J.A., 1984, Geology of th e R ye Form ation: New  Castle Island and adjacent areas of P ortsm outh  Harbor, 
New  Ham psh ire and Maine: M.S. th esis, U niversity of New  Ham psh ire, Durh am , 128 p. 

Dorais, M.J., Bothner, W .A., and Buch w aldt, R obert, 2014, Th e Appledore Island pluton of th e R ye Com plex, 
coastal New  Ham psh ire and Maine, U SA: geoch ronological and ch em ical evidence for th e affinity of an 
enigm atic terrane: Atlantic Geology, v. 50, p. 138-154. 

Escam illa-Casas, J.C., 2003, Bedrock geology of th e seacoast region of New  Ham psh ire, U .S.A.: P h .D. dissertation, 
U niversity of New  Ham psh ire, Durh am , 218 p. 

Eusden, J.D., 1984, Th e bedrock geology of part of th e Alton, New  Ham psh ire and Berw ick, Maine 15' quadrangles: 
M.S. th esis, U niversity of New  Ham psh ire, Durh am , 114 p. 

Eusden, J.D., Jr., Bothner, W .A., and Hussey, A.M., II, 1987, Th e Kearsarge-central Maine synclinorium  of 
south eastern New  Ham psh ire and south w estern Maine; stratigraph ic and structural relations of an inverted 
section: Am erican Journal of Science, v. 287, no. 3, p. 242-264. 

Fargo, T.G., and Bothner, W .A., 1995, P olydeform ation in th e Merrim ack Group, south eastern New  Ham psh ire and 
south w estern Maine.  In Hussey, A.M., II, and Johnston, R .A. (editors), Guidebook to field trips in south ern 
Maine and adjacent New  Ham psh ire: New  England Intercollegiate Geological Conference, 87th Annual 
Meeting, p. 15-28. 

Hussey, A.M., II, 1958-2004, field w ork. 
Hussey, A.M., II, 1961, P etrology and structure of th ree basic igneous com plexes, south w estern Maine: P h .D. 
dissertation, U niversity of Illinois, U rbana, 119 p. 

Hussey, A.M., II, 1962, Th e geology of south ern Y ork County, Maine: Maine Geological Survey, Bulletin 14, 67 p., 
m ap scale 1:62,500. 

Hussey, A.M., II, 1980, Th e R ye Form ation of Gerrish  Island, Kittery, Maine: A reinterpretation: Th e Maine 
Geologist, Geological Society of Maine, v. 7, no. 2, p. 2-3. 

Hussey, A.M., II, Bothner, W .A., and Th om pson, P .J., 2016, Bedrock geology of th e Kittery 1:100,000 quadrangle, 
south w estern Maine and south eastern New  Ham psh ire: Maine Geological Survey, Bulletin 45, 99 p. report, 83 
figs., 3 tables. 

Lyons, J.B., Bothner, W .A., Moench, R .H., and Th om pson, J.B., Jr., 1997, Bedrock geologic m ap of New  
Ham psh ire: U . S. Geological Survey, scale 1:250,000 (2 sh eets). 

Novotny, R .F., 1969, Th e geology of th e seacoast region, New  Ham psh ire: New  Ham psh ire Departm ent of 
R esources and Econom ic Developm ent, Concord, New  Ham psh ire, edited by T.R . Meyers, 41 p., m ap scale 
1:62,500. 

Novotny, R .F., unpublish ed notes and field m aps related to h is 1963 dissertation: Bedrock geology of th e Dover-
Exeter-P ortsm outh  region, New  Ham psh ire: Th e Oh io State U niversity, 182 p. 

R ickerich , S.F., 1983, Sedim entology, stratigraph y, and structure of th e Kittery Form ation in th e P ortsm outh , New  
Ham psh ire area: M.S. th esis, U niversity of New  Ham psh ire, Durh am , 115 p. 

Sch ulz, J.E., 2004, Metam orph ic petrology and structural im plications of th e calcareous (unnam ed) m em ber of th e 
Berw ick Form ation w ith in th e Epping 7.5 m inute quadrangle, south east, New  Ham psh ire: M.S. th esis, 
U niversity of New  Ham psh ire, Durh am , 108 p. 

Th om pson, P .J., 2004, Bedrock geology of th e Milton quadrangle, New  Ham psh ire-Maine: Maine Geological 
Survey, Open-File Map 04-77, scale 1:24,000. 

Note:  Som e sm all 
offsh ore islands 
are not m apped.

4 0 42 Mile

4 0 42 Kilom eter

4000 0 4000 8000 12000 16000 20000 24000 28000Feet

1:100,000SCALE

Shear zone boundary.  Betw een intensely sh eared and less sh eared rocks.
Arrow s indicate dextral sh ear w ith in zone.  Of Carboniferous-Devonian(?)
age.

Fault or shear zone extension.  P rojected into area of poor bedrock
exposure.

F2

F1



Sh
ap
lei
gh
Gr
ou
p

Me
rri
ma
ck
Gr
ou
p

Or

Or
Ora
Orbg

Or

Dd
L

P ortion of
Gloucester Q uadrangle

Y ounger Funnel

Older Funnel

Silurian(?) [S]

Devonian-Silurian [DS]

Silurian [S]

20
 Bedding, tops unknow n (inclined, vertical).

Bedding, tops know n (uprigh t, vertical w ith  tops tow ard ball, overturned).
20


Minor strike-slip fault (inclined dextral, inclined sinistral).
20


20

Igneous foliation (inclined).
20

R ock sam ple descriptions as w ell as analytical m eth ods, data, and interpretation of
h igh -precision U -P b zircon geoch ronology are presented in th e accom panying
Bulletin B-45.  Age results are given in m illions of years ago (Ma).  See Geologic
Tim e Scale for relation of ages to periods of geologic tim e.

AGE INFORMATION DETERMINED IN THIS STUDY

R ock unit and m ap sym bol

Pluton crystallization ages
Agam enticus Com plex, granite (b)
Lym an pluton, biotite granite (Plg)
Appledore diorite (w ith inOr)
Salam ander P oint diorite (Dd)
Nisbitt P ond pluton, granite (Dnp)
W ebh annet pluton, granodiorite (Dwgd)
W ebh annet pluton, granite (Dwg)
Biddeford pluton, granite (Dbig)
Biddeford pluton, granite (Dbig)
Breakfast Hill granite (Dbh)
Exeter pluton, diorite (Deg)

Age of youngest detrital zircon
R ye Com plex, granitoid gneiss (Or)

Age (Ma ±2σ)

238.9 ± 0.3
287.6 ±0.4
361.1 ±0.4
380.1 ±0.5
383.1 ±0.5
382.9 ±0.5
383.1 ±0.5
382.7 ±0.5
383.3 ±0.5
402.9 ±0.5
407.4 ±0.5

451.1 ±0.7

Sam ple

12JAB4
MGS-032
07SI-06B
MGS-038
MGS-035
MGS-034
MGS-033
ME-25
ME-10
BH-1
89ex-7

MGS-039J
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GEOLOGIC TIME SCALE
Geologic Age
Cenozoic Era ()
Mesozoic Era ()
___Cretaceous P eriod (K)
___Jurassic P eriod (J)
___Triassic P eriod ()
P aleozoic Era ()
___P erm ian P eriod (P)
___Carboniferous P eriod (C)
___Devonian P eriod (D)
___Silurian P eriod (S)
___Ordovician P eriod (O)
___Cam brian P eriod ()
P recam brian tim e (p)
* In m illions of years before present.  (W alker,
J.D., Geissm an, J.W ., Bow ring, S.A., and
Babcock, L.E., com pilers, 2012 Geologic Tim e
Scale v. 4.0:  Geological Society of Am erica,
doi: 10.1130/2012.CTS004R 3C.)

Absolute Age*
0-66

66-145
145-201
201-252
252-299
299-359
359-419
419-444
444-485
485-541

Older th an 541

BEDROCK GEOLOGY OF THE KITTERY 1:100,000 QUADRANGLE 
 
 Bedrock exposed in th e Kittery 1:100,000 quadrangle includes m etam orph osed sedim entary rocks and 
intrusive igneous rocks. Sedim entary rocks are accum ulations of particles of gravel, sand, silt, and clay in distinct 
beds, or precipitation of m inerals from  solution in layers or strata. R ecrystallization of th e sedim entary rocks by h eat 
and pressure transform s th em  into m etam orph ic rocks, frequently developing m inerals th at are quite different from  
th e originally deposited particles and ch anging th e rock structure. Intrusive igneous rocks are th ose rocks form ed by 
th e crystallization of m asses of m olten rock m aterial (m agm a) th at w ere entrapped w ith in th e Earth 's crust. 
 
STRATIFIED ROCKS 
 Stratified, or layered rocks in th e Kittery quadrangle are m etam orph osed deposits of sh ale, siltstone, and 
sandstone th at accum ulated in tw o ancient ocean basins, th e Merrim ack Basin to th e east and th e Central Maine 
Basin to th e w est. (Note th at present day orientations are used h ere for reference, even th ough  th e continents h ave 
m oved significantly since th e basins form ed in P aleozoic tim e.) Deposition occurred during latest Ordovician 
th rough  Middle Silurian tim e in th e Merrim ack Basin, and from  latest Ordovician th rough  Early Devonian tim e in 
th e Central Maine Basin. Th ese rocks w ere derived from  w eath ering and erosion from  exposed landm asses 
surrounding th e basins. Stratified rocks are separated into form ations of closely sim ilar rock types th at can be 
m apped over a broad area. W ith in th e Kittery quadrangle th ese form ations include th e Eliot (Se) and Kittery (Sk) 
form ations deposited in th e Merrim ack Basin, and form ations of th e Sh apleigh  Group (R indgem ere, Sr, Gully Oven, 
Sgo, Tow ow , St, and East R och ester, Der) deposited in th e Central Maine Basin. Th e Berw ick Form ation (DSb) 
and th e P h yllonite at Ch urch  R oad (Scr) m ay h ave been deposited also in th e Central Maine Basin, but th e 
P h yllonite at Ch urch  road is so strongly deform ed th at its original rock is difficult to recognize, and th e Berw ick 
Form ation is isolated from  th e oth er form ations by faults. 
 Th e Eliot Form ation consists of m etam orph osed th in beds of alternating tan-w eath ering lim y siltstone, and 
dark gray sh ale (Photos 1 and 2). Th e Kittery Form ation consists of variably th in to very th ick-bedded 
m etam orph osed lim y sandstone, siltstone, and sh ale th at preserve a variety of sedim entary features sim ilar to th ose 
found today in deep-sea sedim ents th at accum ulate at th e base of continental slopes. Graded bedding (Photo 3) and 
flute casts (Photo 4) are com m on and enable us to determ ine th e stratigraph ic order and th e direction from  w h ich  th e 
sedim ents w ere derived and transported. Th e Kittery Form ation w as derived from  a continental land m ass lying to 
th e east of th e Merrim ack Basin. 
 Th e Berw ick Form ation consists of m etam orph osed calcareous sandstone, siltstone, and sh ale m uch  like th e 
Kittery Form ation but w ith  generally th icker beds (Photo 5). Th e R indgem ere, Gully Oven, and East R och ester 
Form ations consist of gray, m etam orph osed sh ale, siltstone, and sandstone. Bedding of th e R indgem ere Form ation is 
w eakly developed and variable, and prim ary sedim entary structures are rare. On th e contrary, bedding in th e Gully 
Oven (Photo 6) and East R och ester (Photo 7) form ations is ch aracteristically w ell developed, w ith  rh yth m ic 
alternations of sh ale and siltstone w h ich  are com m only graded. Th e Gully Oven Form ation includes th in beds of 
reddish  garnet-quartz granofels th at h elp identify th e form ation (Photo 8). Th e Tow ow  Form ation is a distinctive 
alternation of rusty-w eath ering, sulfidic, poorly bedded to m assive m etam orph osed sh ale and siltstone. Th e 
Merch ants R ow  Grits (Stmr) occurs locally at th e top of th e Tow ow  Form ation, ch aracterized by granule-sized 
clasts up to 4 m m  in size consisting of w h ite and blue quartz, quartzite and rare m etash ale ch ips, perh aps 
representing a m inor episode of erosion. Betw een th e Tow ow  and th e East R och ester Form ations lies an unnam ed 
th in, possibly discontinuous, unit (DScb) of m etam orph osed calcareous sandstone, sim ilar to a w idespread unit in 
central New  Ham psh ire and w estern Maine. 
 
INTRUSIVE IGNEOUS ROCKS 
 Th e intrusive igneous rocks are generally even-textured, m assive rocks w ith  interlocking m ineral grains. 
Th ey are distinguish ed from  each  oth er by ch aracteristics such  as th e size of th e m ineral grains (texture) and 
proportions of m inerals (m ineralogy). Intrusive rocks occur in bodies (called plutons) th at range in size from  large 
areas sh ow n on th e m ap to sm all bodies intruding oth er rocks w ith in an outcrop. Th e m ajor bodies include th e 
follow ing, listed approxim ately from  oldest to youngest. 
 1) Exeter pluton (Deg) is m edium -grained variably textured quartz-biotite diorite w ith  m inor irregular 
m asses of gabbro to quartz m onzonite. Sim ilar sm all bodies of diorite (Dd) are also considered Early Devonian, and 
possibly th e R och ester plutons (Dqd). 
 2) Biddeford pluton (Dbig) is m edium -grained biotite granite (Photo 9). W ebh annet pluton consists of 
th ree principal ph ases. Th e oldest is fine-grained to m edium -grained biotite-h ornblende granodiorite (Dwgd); th e 
interm ediate-aged ph ase is m edium -grained to coarse-grained biotite granite w ith  m oderate am ounts of sph ene and 
epidote (Dwg); th e youngest ph ase, form ing th e north ern end of th e pluton, is m edium -grained biotite-m uscovite 
granite (Dwb). Th e Nisbitt P ond pluton (Dnp) is biotite-m uscovite granite w ith  w h ite feldspar grains up to 3 cm  
long, com m only aligned, w h ich  form  a sw irled foliation pattern in m any outcrops. Ages obtained for all of th ese 
bodies are th e sam e, at th e Middle-Late Devonian boundary. Many bodies of sim ilar granite (Dg) and pegm atite 
occurring as isolated bodies or in m igm atite in th e R idgem ere Form ation m ay be of th e sam e age. 
 3) Barrington pluton (Dbag) is m edium -grained to coarse-grained biotite-m uscovite granite of Late 
Devonian age. 
 4) Lym an pluton (Plg) is fine-grained to m edium -grained, irregularly textured biotite and biotite-m uscovite 
granite. Irregular m asses of granite pegm atite are com m on in m any parts of th e pluton. It is P erm ian, approxim ately 
100 m illion years younger th an m ost oth er granites in th e Kittery 1:100:000 sh eet. 
 5) Agam enticus Com plex is a roughly circular body consisting of several ph ases of pink, gray, or green 
granite and syenite closely associated in space and tim e. Syenite is sim ilar to granite but w ith  only sm all am ounts of 
quartz. Several ph ases of granite and syenite contain very unusual varieties of dark m inerals including riebeckite, 
arfvedsonite, enigm atite, aegirine-augite, and ferroh astingsite in place of biotite or h ornblende of m ore typical 
granite. Th is reflects a h igh er th an usual proportion of sodium  in th e m agm as from  w h ich  th e rocks form ed, a 
com position referred to as alkalic. Th e youngest ph ase of th e com plex is pinkish  gray biotite granite of Triassic age 
(b) th at cuts across th e oth er ph ases of th e com plex. Th e Ch ase Stock (c), know n only from  sea floor grab 
sam ples, is also syenite so m ay be sim ilar in age. 
 6) Several relatively sm all gabbro com plexes (Alfred, Cape Neddick, Tatnic, and Lebanon plutons) consist 
prim arily of gabbro and oth er dark gray to black, iron- and m agnesium -rich  igneous rocks. Th ese are th e youngest 
crustal rocks in th e Kittery quadrangle, h aving intruded about 120 m illion years ago (Ma) in th e Cretaceous P eriod. 
 7) Th in dikes of basalt intrude all th e m etam orph osed stratified rocks and all th e igneous plutons except th e 
gabbro com plexes and th e biotite granite of th e Agam enticus Com plex (b). Th ey occur in th in, nearly vertical 
sh eets ranging from  a few  centim eters to 75 m eters in th ickness. Th e dikes are black to very dark green, 
predom inantly basalt and diabase (a coarser grained variety of basalt), approxim ately th e sam e com position as 
gabbro. Th ey are especially com m on in th e exposures of th e Kittery Form ation along th e coast from  Kittery to 
Biddeford P ool (Photo 16). A few  larger occurrences are m apped (KJd), and som e representative exam ples are 
sh ow n by red sym bols on th e m ap. 
 
DEFORMATION AND METAMORPHISM 
 Th e stratified rocks h ave been extensively folded and faulted. Tw o stages of folding are particularly w ell 
displayed in th e Kittery Form ation along th e coast betw een Ogunquit and Kittery. Earlier folds are recum bent, th at 
is, th ey are lying over on th eir side (Photo 10), w h ereas th e later folds are uprigh t, w ith  both  sides of th e fold 
dipping steeply (Photo 11). Major faults in th e m ap sh eet include: th e P h yllonite at Ch urch  R oad (Photo 12), a sh ear 
zone w h ich  defines th e boundary betw een th e Sh apleigh  Group and th e Berw ick Form ation; th e Calef-Nonesuch  
R iver fault, separating th e Berw ick from  th e Merrim ack Group; several faults cutting th e Merrim ack Group near th e 
Great Bay, New  Ham psh ire; th e P ortsm outh  fault separating th e Merrim ack Group and R ye Com plex; and th e Great 
Com m on fault w ith in th e R ye Com plex. Old silver m ines and prospect pits of th e Acton Silver District are located 
along a zone of w h ite bull quartz, apparently m arking th e trace of a north w est-trending Mesozoic fault, th e Silver 
Mine fault. 
 Most of th e large scale folding is probably th e result of th e Acadian orogeny, a m ajor period of m iddle 
P aleozoic crustal com pression driven by plate tectonic m ovem ents. An additional effect of th is event w as th e 
recrystallization of th e stratified rocks to form  sch ists out of sh ales and siltstones, and granofels and gneisses from  
sandstones. Th e degree of h eating during th is com pression is expressed in th e variety of new  m inerals th at form ed, 
particularly in th e sch ists. Low er tem perature, for exam ple, is indicated by th e presence of chlorite, m edium  
tem perature by garnet, and h igh er tem perature by sillim anite and andalusite. In general, rocks of th e R ye Com plex 
and Sh apleigh  Group are at h igh er m etam orph ic grade th an th ose of th e Berw ick Form ation and Merrim ack Group, 
alth ough  th e regional m etam orph ic pattern is com plicated. Heat carried by intrusion of th e large plutons caused 
contact m etam orph ism  of th e adjacent rocks. 
GEOLOGIC HISTORY 
 Th e oldest stratified rocks are th ose of th e R ye Com plex. Dating of tiny zircon grains in m etasedim entary 
rocks of th e R ye indicates an origin as sedim entary and perh aps m inor volcanic(?) rocks (Photos 13 and 14) th at 
accum ulated in Cam brian–Early Ordovician tim e. W e suspect th is assem blage w as deposited on Ganderian 
basem ent. Th e R ye Com plex w as m etam orph osed and deform ed (Photo 15) during and after Ordovician intrusion, 
perh aps m ultiple tim es. 
 Th e Merrim ack Group w as deposited during Silurian tim e along th e eastern edge of th e Merrim ack Basin,  
derived from  peri-Gondw anan source areas to th e east. R apid deposition of sedim ents, a m ajor regional deform ation 
(Salinic), and associated m etam orph ism  are strongly im plied before post-tectonic intrusion of th e Exeter pluton in 
Early Devonian tim e. To th e w est, in th e Central Maine Basin, sedim ents of th e Sh apleigh  Group accum ulated in 
Silurian to Early Devonian tim e. Silurian and older form ations w ere derived from  th e Laurentian continent and 
Bronson Hill island-arc com plex to th e w est. By th e tim e of deposition of th e East R och ester Form ation, h ow ever, 
th e source area h ad sh ifted to th e east, probably th e uplifted and deform ed rocks of th e Merrim ack Basin. 
 R ocks of th e Central Maine Basin w ere m ultiply deform ed and m etam orph osed during th e m ain Acadian 
event and intruded by Devonian plutons such  as th e Biddeford, W ebh annet, Nisbitt P ond, and Barrington. Th e 
Acadian deform ations included th rusting of th e Merrim ack Group over th e Berw ick and Sh apleigh  Group to th e 
w est, and regional folding tow ard th e east. Anoth er episode of m agm atic intrusion is represented by th e Lym an 
pluton in th e north part of th e Kittery 1:100,000 m ap sh eet, probably related to th e Sebago bath olith  to th e north of 
P erm ian age. Th is age suggests a relationsh ip to th e Allegh anian orogeny, th e term inal com pressional event of th e 
Appalach ian Mountains th at form ed th e supercontinent P angea. Alth ough  m ajor deform ational features of th is age 
h ave not been confirm ed in th e area of th e Kittery m ap sh eet, it is possible th at som e of th e m ajor faults and sh ear 
zones are Allegh anian. 
 Th e last m ajor event recorded in th e bedrock of th e Kittery sh eet is th e intrusion of rocks of th e W h ite 
Mountain P lutonic-V olcanic Series of Mesozoic age, related to th e opening of th e Atlantic Ocean. Th ese rocks 
com prise a north w est-trending ch ain of eroded volcanic centers from  th e New  England Seam ounts across central 
New  England into south ern Q uebec. Th e rift and drift-related m agm atism  spanned m ore th an 100 m illion years. Th e 
Agam enticus ring com plex is of Triassic age, one of th e oldest intrusive bodies of th e series. Th e last vestiges of th is 
activity are represented by th e Cretaceous gabbroic com plexes. In addition to th ese com plexes, th e area is crosscut 
by abundant basalt and diabase dikes (Photo 16), som e of th em  tens of m eters th ick and traceable for tens of 
kilom eters across th e m ap area, and h undreds of kilom eters to th e north east and south w est. Th ey m aintain an 
orientation rough ly parallel to th e edge of th e North Am erican plate w h ere it split and separated from  th e Eurasian 
plate. A m ajority of th ese dikes are of Jurassic age, intruded after th e Agam enticus Com plex but before th e gabbro 
com plexes. Minor faults, such as th e Silver Mine fault and som e of th e faults in New  Ham psh ire m ay also be of 
Mesozoic age. 
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CORRELATION OF MAP UNITS
Th is diagram  illustrates th e relative ages of rock units and w h ich  ones m ay h ave form ed at approxim ately th e sam e tim e.  V ertical
position corresponds to age, w ith  younger units tow ard th e top.  Letter sym bols correspond to units on th e m ap.  Isotopic age control is
indicated by an asterisk (*) for intrusive ages, and a sm all circle (°) for detrital zircon ages.  Ages of oth er units are constrained by
geologic relationsh ips (Hussey and oth ers, 2016).  V ertical arrow s indicate th e likely age range for poorly constrained units.  U nits are
arranged from  left to righ t rough ly from  north w est to south east, alth ough  th e true geograph ic relationsh ips are sh ow n on th e m ap.
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