
Bedrock Geology of the Kittery 1:100,000 Quadrangle, Maine and New Hampshire 
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Intrusive Rocks 

Cre1oceo11s 

ALt'RED C0.\1.PLl:.X 

~ Finetomcd ium-graioodgia; gra.nodioritc. 

Medium-groined buff mom:odiorite. 

Daik brownishgray gabbronorite , 

I ~gn•I 
TAT:',!( COMPLEX 

Younger Funnel 

Medium gray. medium-gra ined, anor thos it ic 
gabbrononte (as thin la~.-ers witlun Kagn). 

Medium olive-gray lo light buff quartz dioritc, comnmnly with 
ribundan1 inclusions of Wlrk grny porphyritic and aph;mitic hilSlllt . 

- Dark grny oli \· incgiibbro with abundant hornblende and biot1tc. 

Oldcr Funncl 

Dal'K gray gnbbronoritc with large. elongate poikilitic hontllcnde 
phenocrysts. 

Mctlium grny coarse-grained anon hositie gabbro11ori te 

Dalk brownish-gray gabbronarite. 

\.olc1michreccia block wit hin Kmg. 

CAPE NEDDICK COMPLEX 

Poikilitic gabbro, gradational from Kee. 

CortJandtitk gabbro, dark gray mafic-rich gabbro with huge 
potk1Uuc hornblende phenocrysts. 

Older Funnel 

Medium gray anonhositic gab bro. 

Medillm da1k gray gabbro. couunoul~• will1 ll1in lighter grd:,- gabbm 
layers. Some layers an: pe grnatitic gabbro. Thin unitof brecciaalo11g 
soull1 and i;:asl margi m; oflhiocompli;:x. 

Creraceous(?) 

Gabbro. Dark gray gabbro at Lebanon and Wells, comrnonly deepl~, weathered. 

Cre/aceous -Ju rassic(?) 

Diabase. Large dikes are mapped 10 scale , Nrunerous smaller dikes. some of 
which are shown by symbol s. imrudeall smuified rocks anda lderimrusive rocks . 

Bn-ccia. Two areas af explosion brcccia on Gerrish Island, Kittery. Includes 
fragments of the Rye Complex and older felsie and basalt dike rocks. 
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AGA.\ll:NTIC lJS COJ\-lPLEX 
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Fine- lo medium-grained, pink bio(i(e gr.mile. 

Miles (mi) 

6 

Light buff, alkn I inc qu:m1;syeni1e, wirh irrcgul ar1ex1ure. 

' ' \ 

7 

Light gray lo light buff, frne- to medium-grained, alkaline granite. 

' ' \ 
' ' 

Medium to dark olive green. medium- to comse-grained. alkaline 
syenlte. 

Permian 

L\11.U.N PLUTO N. Biotitc-m uscovite-gamct granite aud pegmatile 

Carboniferous - Devonian(?) 

BIDDEFORD Pl,UTON. Light gray, rncdiurn-gmined biot1te granite, and 111re 
pcgmatite. 

BARRll'ri G TON PLUTON. B ioli\e•lllUSOOv ite grnm1e ,md pegrn;itite , 

Gran ite am.I pegmatite. Biotitc-mu scovitegranite and pegmatite. 

Devonian 

W[BHANNET PLUTON. 

B 
B 

Light grny to pink, bio1ite-nmscovi1e gr.mite and ,;1.re pegrnalite, 

Lighl gray. medium- lo coarse-grained. btohtc granite with spheru: and 
cpidotc. 

Medi u111 gray, fi ne-gra ined. porpl1yri tic bioti1e- humbl ende 
granodiori!e a11d quartz. diorite. 

ROCHESTER PLUTON. Qu11rtzdiori1eoftbeRochcs tcrarca 

Metamorphosed Intrusive Rocks 

CarbonJfe1v11s-Devoman(?) 

SACO PLUTON, Dark greenish-grcJY. foliated and me1a111orphosed gabbro. 

Dcvonion 

EXETER PLUTON. Medium grn.y, mediwn-grained. quaw.diori1e and diorite, 
miuorgabbro. 

Oe\,'ontan (?) 

Mctadiorite. Medium-grained, folimcd, gndss!C mctadionte. 

BREAKFAST HILL GRANITE. Fol iated m11 sco\•i1e-hioti1e grnni1e which 
intrudes the Rye Comple.x . 
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Stratified Rocks 

SHAPLEIGH GROUP (revised) 

Devonian 

Map Scale 
I: 100,000 

EAST ROCllESTER llORJ'rlATION (new name). Well-bedded muscovitc
b1otite-gamet-sillimarutc ( or andalusite )-stauro lite schist and micaceous quartzile. 
Probably equiva lent to the Littleton Formation (New Hampshire) and the 
Carrabasse\l Forniation (Maine) . 

Devonian(?)-Sihirian 

Unnamed calc-s11ieatc and biotl!c granofcls. Probably cquivalcm to I.he Madrid 
F ormalion (Maine) and the Warner F On11JJtio 11 ( ccn1ral New Hampshire) . 

Unnamed quanz gra nule gri t in rusty schist matrix. some blue quanz grains. 
Probably equivalent to the Wild Goose Grit, Strafford. New Hampshire (Eusden 
ru1do1l1ers, 1987). 

Silu rian 

TOWOW FORMATION. Rusty schist ;ind gniph.itic schist Prubably 
equh•alent tu lhc Sma lls falls Fommtio11 (Main<! and New Hampoh.ire). 

GULLY OVEN FORI\-IATION (Thompson, 2004). Well-bedded muscovite
biotite-sta1uolite-andalusite -game1 schist ard micacoous qllaltz.itc wiU1 rare pink 
quarlz-garnet g.ranofels (coticll!e). Probabl;• equivalent to the Peay Mountain 
Fomiation(;vlaJncand New Haiupshile). 

RINDGEMERE FORMATION. Poorly-bedded to modem1ely well-bedded 
bio1ite-muscovite-ga~t-staurolite-andalusite (or sillimanitc) sclti51. Probablr 
equi1•aleru to the Rangeley Formation (Maine and New Hampi;hire). 

G Rusty-weathering muscol'ite-bioticeschisl . 

G Cale-silicate granofcls and marble. 

----------- fault- -------------·- - ---

Silurian(?) 

Pliyllouite al Chmch Road. Silvery-gray muscovile-biocitc-garnet-stmuolite 
ph~•llonile wil.habundanl. defonm:d quar\l. vei115 Sdie111.itic patti;,m ofw;,vy lini;,s 
in the llli.lp uni1 iu<licatesthc rucksan.: Slrongly ~he;m::d. 

-------- ----------fault-·-----·----·------------

Sib1ria11 

RE RWlCK FOR.MAHON. Medium-bedded , mcdinm Orowni sh gray , 
fcldspa,hic quartz-biotilc gmnofcls, greeni sh calc-si licatc gm nofcls, and 
subordinate quart.z-biotite schist 

--------------------- r•ull ---------------------------
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MERRIMACK GROUP 

Silurian - Ordovician 

KITI[R\' FORMATION. Variably 1hin to ll1ick bedded. buff-weathering feldspalhk andcalcareom 
111<!1.::ill'ack<!. Char<1clerized by we ll-d::vcloped primary structui~s including graded bedding, ck;11u1d cut s• 
and-fills. sm.ill scale cross-beddiug, na1111: ijlructllll:. a11d nu1e casts. 

Rusly-11emlicring homfel!; or granofols and phyllite. 

ELIOT t·ORJ\-1ATION. Generally tlrin-bc:ddcct gray calcareous and ankeritic quartz-b1otite-chlorite 
pliyllite aud metas11lscoue, and dark grav b1olitc-chlon le-muscol'i \e pity Ui te. 

Strongly Deformed Rocks 

Ordovician-Precambrian 

RYE COMPLEX. Strongly mylonitic, comple.x association of quanz-plagioclase-biotite gneiss. calc
silieme gir.:iss and bioti1e gneiss, bioti1e-muscovite-staurolite-sillimnni1e (or andalusite) gnoiss : and 
e:nensi\'ely migmatitic equivalents of ll1ese rock types. Minor dark gmy grnphitic schist and impttrc 

="'"' 
Amphibolite. 

I OZrbi,.J Blastumylouitic4uartzofeldspallllcgneiss. 

Lines 

Contact bclwccn mapped unilij. 111\1;:rpreted \0 be of SlraLigraphic or imrusive origin. 

Faultor ~hcar,mnc. Sre inset map forlocmionof named fnults . 
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Map Compilation 
Responsibility 

Explanation 

- Faull or shear ione 

Major Rock U"its 

1111 Creiaceous plumns 

11111 Triassic plnto ns 

c= Permim1. Devo1u::111. am.I Caibuniferous plutons 

L Shapleigh Group 

111111 Pbyl\onile at Church Road 

liiiiiil Benvick Fonnation 

11111 Merrimack Group 

Ill Rye Comple1;: 

Generalized Geologic Map of the Kittery Quadrangle 
showing fault and pluton names 
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Symbols for Planar Features 

Sy mbol is orieuted parallel to stnkc of feature. Dip 
direction rndicated by lick or barb. Dip angle given in 
degrees. 

Basalt. diabase , or nm.fie dike. {Inclined. Vertical. 
Orienration unknown) 

Bedd ing, tops u.11k.t1ow1L (Inclined, Vcrti~.<l) 

~ ;( )(,,, Bedding, tops known. (Upright. Vertical. O,.,errumed) 

Compositional layering in metan1orphic rock. (lnclillcd) 

/4 

Composition~] layering in igneous mck. (Inclined, 
ve1tical) 

Lanunation (Inclined) 

Igneous folialion. (Inclined, Vcn ie~I) 

~" ;,{ Mcrnmorphie foliation or schistosity. (Inclined. Vertical) 

Clenvage. (lnclined) 

,-1,, Axial plane of fold. (lndin~d) 

~~ ,ti' Shear zone. (Inclined. Vertis-al) 

Minor slrike-shp fault. (Inclined dcxtral. lnclinecl 
sinistral) 

ROCK UNIT 

Published lla1e!i 

Ml:THOD AGE (Ma) SOURCE 

Air d 
' 

"Arl" Ar re comp ex 
Bwme in 111onUJdiorite 

Cupe Neddick Complex 
Bimi1e In gabbro 

Tatnie Comple.x 
Biol/le In q11artz dror/te 

Tatnic Comple.x 
B10111e i11 gabb,·o 

Lebanon diorice 
JJiollle 

Agamenticus Comple.x 
Barrington pluton 

i\1o,rnzite 
Benvkk Fonnation 

JJelriral zircon 

Prcliminan·, unpublished dates 

Lyman pl uton, grarute 

Webhannet plu\011, granite 
Webha1met pluton, granodiome 
Rye co mplex. biotite diorite 
Rye ~omple.x, granitoid gneiss 

Exeter diorile 
Excterbiotite dioritc 

Sources 

"Arl'Ar 

" lut'Ar 
" Ari" Ar 
KJA, 
U/Pb 

U/Pb 

U/Pb 

U/Pb 
UIPb 
U/Pb 
U/Pb 

U/Pb 
U/Pb 

120.4 +/- 1.0 4,5 

120.6 +/- 0.4 4.5 

122 ·1·/- 2 4,5 

122 -ti- 2 3 

132 +J. ? 4 
125 • /- 3 5 
228 ·1/- 5 3 
363 +/- ? 2 

425 (maximum) 6 

290 
(with :no Ma inhcrirancc) 

383.5 I 
382 I 
382 I 
380 I 

(\11th 500-700 Ma inheritance) 
407.7 1 
407.-i I 

Projection ofknown faul1 into nrenofpoorbedrock e.-..:posure. /"' /' Joim. (Inclined. Vertical) 
1) Bowring, S.A .. 2008. unpublished data. 

2) Eusden, J.D .. and Barri.era. 1988. Tile timing or peak high-gracle 
melamorphism ill central-eastern New England. in Lux. D. R .. and Barr. S. 
M. (editors), Geo logy of coaotal New England and New Brnnsv.ick east of 
the Kea1sarge-ccnt.Ial Maine synclinorium: Maritime Sedimenls ancl 
AtlanlicGeology. v, 24. no. J, p. 241-255. 

u 
0 

~ - ---=-

Brittle, high-angle fault. Commonly marked by bull quan,, bieccia, orolIS<!I map units. U"" upthrown 
side, D ~ down1hrownsidc, ifknown. lntciprclcd tobeofMcsozoic age. 

Ductile fa ult. ultrrunylonite present. Vnrinblyorientcd. LflSI motion imorpreted 10 beof Pcnnianage. 

Duclilc foult. ph)•llonite pIT;sent. Prubably lll i;i1-;ingle, Not well ~xpusi;:d. Arrows iadicaLe :;e115e of 
strike-slip mo Lion, if known Of Carboniferons-Devonian(?) age. 

Thrust fault. Teell1 on upperplme. Fault plane dips 10 NW m current level of exposure. Displays so me 
fate b riUle displacement. 

Faull inferred from sLraligraphic relationships, existence and nature uncertain. 
C:ubonife rous-Devonian(?) age , 

Of presumed 

- • •- •· - Fault boundaiy between inteuscly sheared and less sheared r,xks. Arro\1 s indicate dextral shear\1·1thin 
zone. Of Carboniferous-Del'onian(?) age. 

f 1 FoldaAi~. Nu111ben;1foti 11g.11ishF l,F2,F3 . (Sy11fom1.Antifonn) 

U U Axi~ ofuvcrtu med fold. Nurnbers distiuguishF l.F2,F3. (S~•nfonn.Anlllonn) 

Symbols for Linear features 

Symbol is oriented parallel to 1rend. Plung<! diu .. -ction 
toward head of arrow. Plunge angle given in degrees. 

lnterse~tion liueation, (Plunging) 

Mineral ]ineation {Plunging) 

Fold hinge (Rota1.Jonal sense Clockwise, Neutral. 
Counteiclockwi:;e. Unknown) 

Overprint Patterns 

Homfels or gra nofels, in eontacl mctamoiphic al.l.!l:olc near 
a pluton. 

)) Foland, K.A.. and Faul, H. . 1977, Ag~s of the White Mountain intrusives. 
New Hampslrire, Maine, and Ve1111011t, USA: American Journal of 
Science. v. 277. p. 888-904. 

4) l-lubacher. F.A , and Foland, KA., 1991 _. '" Art' 'Aragcs for Crcrnccflll.~ 
intn1sioru of l\1c White Mountain magma series, 1JOrthcm New England, 
ru,d the1r tectonic imphcat1ons· Geologica l Society of America, Abstrncts 
with Programs; v. 23. p. 47. 

5) McEnroe, Suzanne A , 19%, A Barrcminn-Aplian (Eilrly CretilCCOlL~) 
North American paleomagnellc reference pole, Journal of Geophy5ical 
Research, B, Solid Eartl1and Planets, v. 10 1, no. 7, p. 15, 819- LS, 836. 

6) Wintsch, Robert P., Aleinikoff, John N., Walsh, Gregoiy J., Bothner, W. A. , 
Mussey, A. M., 11., and Fanning, C. M. , 2007, SHIUMP U-Pb evidence for a 
Late Silurian age of meta.;cd1mentary rocks in thcMcrri nmck and Putnam
Nashoba Terranes, eastern New England, in Wintsch, Robert P. (editor), 
John Rodgers mcmonal issue; Part I: American Jonmal of Science, v 307, 
no. I, p. 119-1 67. 

GEOLOGY OF THE KITTERY I: 100,000 QUADRANGLE, MAINE 

Ro~b expo~d in l.111;: Kil ter)' 1. 100.000 quadr&11gle l..Idude intrusive igneous rocks 
and metamorphosed sedimenrnry rocks. Intrusive igneous rocks :ire tho~ rocks fanned by 
the crystallization of ma~ses of molten rock mate rial ( magma) that were entrapped wi lhm the 
Earth's crust Sedimemary rocks are ac:;umulationsofpankles of graveL sand. silt, and d ay 
in di stinct beds, and prccipi1a1ion of mincmls from solu1ion Rccrystalli71l1ion of the 
sedlillenlal)' rocks by heal aOO pressure transfomis lhem into metamorphic rocks, frequcnUy 
developing minerals that are quite different from lhe o riginally deposited particles. 

STRATIFIED ROCKS 

Stratified rocks in the Kittery quadrangle are me1amorphoscd dcposils of shal e, 
siltstone. and sa11d51011e thal accumulated in 1wo anci elll ocean basins, the Central Maine 
basin on 1hc west nnd the Merrimack basin on the cast Deposition occurred during latest 
Ordovician through Middle Silurian ti me in the Merri mack basin, and from [Mesi 

Ordovician through Early De\"01tian time in the Central Maille b~m. These rocks were 
deri,·ed fro m weall1ering and erosio n from exposed landmnsses surrounding tltose bnsins. 
Sedimentary rocks an: separated into fonnalions of closely similar mck types that can be 
umpp-;::d O\era brood area. Willri.t11111: Kittery <Juad..mgle 1lK:.e 111:lude the Etiol a11d Kiltery 
FomU1tious deposited in tlJC Merrimack basin. and the Berwick Formation the source 
material for the ph~•llonite at Church Road, and fonnation.s o[ U1e Shapleigh Group 
(Rindgemere, Gully Oven, Towow. and Easl Rochester Fonnations) accu111ulaccd in the 
Cen1mlMa inebnsin. 

The El101 Fonnation consists of metamorphosed thin beds of alternating tan
weathering limy sil t51ooo. aOO Wlrk gray sl1.1le (Phuto~ 1 and 2). TI1e Kit tel)' Fonnal ion 
consists of variably lhin to \'cry thick-bedded mcrnmorphosed limy sandstone, siltstone, and 
shale th.1t preserve a variety of s~dimen1ary• slructures simi lar to tlX) se found today in deep
se~ sedi.111ent5 thal accumulate al Ilic bHSe of co 11lim:nlal slopes. Gr.11.l<!d beddin~ (Phuto 3) 
11nd nurc c.1scs (Photo 4) arceommon ~nd ennbl c ru; to detcnnine s1mtigmphic order and 1l1e 
direction from whi ch the sediments were deri\"ed ancl transported, in this case, from a 
co ntin<!nl.ll land 111,1,;t; lyiui:; to the east (in !cnu:; of preSl;:11\ day orie1tlatio.11) of the Merrimack 
basi n. 

The Berwick Fomiation consists of metamorphosed calcareo us saOOs1one, siltstone. 
and sh,'lle much like the Kineiy Fonnation bu1 of more medium- to nia!ifiiYe-beddcd 
ch11ractcr(Photo 5) The Rindgc:1nere, Gully o..-cn, 11nd Elise Rochester Fonnations co nsis1 
of metamorphosed gray non-rusty-weathering shale. siltstone. aOO sandstone. Bedding of 
the Rindgcmere Fom1mion is weakly dcl'elopcd and v11riuble, and pri111c11)' scdiinenlary 
structures are rare. On lhe comrary, bedding in the Gully Oven (Photo6) and Easl Rochester 
(Pim lo 7) FounaLIOJlS is cliaracteristically well developed, wilh 1hyUunic alleratioru;; of shale 
and siltstone which are commonly graded (lighter colored si11sto11e grading up imo darker 
colored shale follo wed by an abn.ipl break 10 the overly ing siltstone, Photo 6 ) The Gully 
Oven Fommtion include~ distinctive thin beds of reddi~h yamel-q uartz g.dnof ds (Photo 8). 
Tiie Towow Fonn111ion is ~ di siincti\ie allemmion of sulrictic, nisi y wemheri11g poMly 
bedded to massi1•e melamorphos.::d shale and siltsto ne. Belween the Towow and East 
Roches1er Fomiations lies an unnamed thin, possibly discontinuoU5, unit of metamorphosed 
crikarcons Sl!nds1onc, 11nd II thin msty-wca1hering mctasiltstnnc or mct11S11nds1onc with 
granule-sized clasts up to -l- mm in size consisting of white and blue quanz, quartzite and rare 
metashale chips. 

INSTRUSIVE IGNEOUS ROCKS 

The major intnisi\·e bod ics (called phnons) of I he Kittery shccl incl udc the fo ! lowing: 
I) Biddeford pluton. a m~di um-grained evenly te.xtured gray biotite granite (Photo 9). 
2) Webhmme1 plwon. consisting of three pri11cipal ph:ises. The youngest. fomilng !lie 

northern end of the pluton, is a pink to light gray med ium-groined evenly lcxmrcd biotitc
musco\'ile gr.mite; the irnennedia(e-agcd phase is medium• to coarse-grained. evenly 
textured to slightly folimed, light to mediwn gray bioti1e graJtite with moderate amoums of 
sphcne and epidote: the oldest phase is fiuc- 10 mediwn-gr:ained mediu m gray biotite
llurnb lende grnuodionte. 

3) Lyn1lln plutort • fme- to medium-grained. irregularl_v textured biotitc •nd biolite
mnsoo\'ite granite. lrregu\ar masses of grani1c pcgmatite are common in many parts of t he 
µluton. 

4) E.\eterplmon, medium-grained ,ariably tcxmred q1L1rtz-bioti1e diori te with minor 
irregula r masses of comagnmtie gab bro lo quartz monzomte. 

5) Banington pluloIL medium- to coar..e-gr.tim;:d bi otil<! diorite. 
6) Minor unnamed pluto ns mostly of biotite-mru;co1·ite gmni1e wich feldspar 

phenocrys1s up lo J cm long , commonly aligned with the foliation, which fonns a swtrled 
pallem iu mauy oulcropi;. Pegmatile is 00111111011 i11 the slralified uni ts, especially in the 
Rindgemere Formmion, as isolated bodies nrmigmmilic segregations. 

7) Agamenticus Complex, consisting of four phases closely associated in space and 
time. The oldest is medium- lo coaise-grainod olive green syenile (a rock similar lo granite 
bm wilh \ 'Cly littl e quaru) The nc.-..:1 younger phase isbuJTquanz S)"Cnite ll'ith \'Cl)' irregular 
texture. The next phase is a light gray lo s lightly pinkish gray, fine- to medium-grained 
grnnit~. These Llrn:e phases have ;1 \\:ry unusual variety of Uark mini;: r&ls l..11cluding 
riebecki1e, alfvedsonite, enigmatite , aegirine-augiLe, and ferrohastingsite which refl ect tlm 
sodium-rich nature ofllte magmas that gave rise lo them, The yow1gest phase of the comple.x 
is fine- lo niedium-yr.tined pinkish gray bi1.1tite granite. 

R) Ci;abbro complexes. These are relmivcly ~1nall plmons (Olpe Neddick, Tmnic. 
Alfred, and Lebanon plutons) that consist of a variety of iron- and magnesium-rich igueous 
rock5 such as gab bro, con\andtite, monzodiori1e. and gn!Ilodiori te. These are the you nge51 
cmstal rocks in theK illCf)" qmidmuglc, lmvinghecnintrudcdabout 120 million years ago 

In addi11on lo the se plutous. lltin tabular igneous rock masses (dikes and sill s) ranging 
from a few centimcteri; to 75 meters in Ll1ickn<!ss imrude all lhe mec<1morphosed strdlified 
rocks and all the igneous plu1ons except the gab bro compl exes. TI1ey arc especially common 
in the e.xposuresof(ll(;! Kill<!~' Fon nation in the coastal an;:a from KiUery to Biddeford Pool 
(Phnto 16). They are predo mirumlly b!ISll!t and diabase (a coarser grained phnse of b•salt). 
approximately the same composition as gab bro. 

OF.FORM A. TION A. ND MT.TA MORPHISM 

TI1e stratified rocks have been extensively folded and faulled. Two stages of folding 
arc pan icularly well di~laycd in 1he KillC!)' Fonnation fl long 1hc coa~, hcrwccn Ognnquil 
and Killery. Earlier folds arc recumbent, thal ts, they are lying over on their side (Photo 10), 
whereas the later folds <1re uprigl1( (both sides of a fold dip steeply as illu51r'dted in Photo 11). 
MRjor faults in the !Mp shcc:1 include: tile Nonesuch Rivcrfnult sepam1ing the Ber,vick and 
Eliot Formations, the Portsmouth fa ult separating the Kil!ety fonnauon and Rye Complex, 
the Grern Commons fault cutting the Rye Complex. and a shear mnt.: <!mbodied as 1!11: 
ph~·llonite at Church Rood (Photo 12) defining a bo11nd,1ry bcrwccn 1hc Ben.\'ick Fomrn1ion 
and other members of U1e Central Maine basin, Old silver mines and p1ospect pits of the 
Acton Silver District are located along a zone of white bull quam, apparemly marking the 
trace of a Mesozoic fa11 l1 (Si lver Mi nc fanll) in 1hcActon ~nd Lcba non /lrCTI 

Most of the large scale folding is probably the result of the Acadian oroge ny a major 
period of nuddle Paleozoic crus1al compression dri\'en by plate tectortic movements. An 
additional effect of this event was !lie recrystallization of the stratified rocks to fom1 schi sts 
oul of shales and silmoues.. and granofel s and gneisses rrom sandstones. The degree or 
heating during this compression is ei;prcS6ed in tbe varie ty of new minerals that fonnecl. 
particularly in the schists Lower temperature, forc.,ample, is ind icated b~' lhc presence of 
chlorite. mcdillm temperature by game!. and higher tempcraturc by s1llima1ritc. and 
andalusitc. 

GEOLOG ICAL IDS TORY 

The oldest stratified rocks are ll10se of the Rye Compkx. They consisl of layered 
metll.si:dimenlary ruch (Photu 13) lliat were once impure sandstune s. shales (some 
carbonaceous), impure limesmoos,. nnd perhaps i:i few volcanle rocks (Photo U ). Affected 
by at least two episodes of Paleozoic defom1alion, me1amorphism (includillg parti al 
melting). and l111rusio1~ followed b)' ,uch thorough, l>llt vadable. shear (Photo 15), lliey no 
longer prcscr1·c 111c primary sinicturcs 1hm him m source area The major basin in which 
these r,xks accumulated is unclear due to theirseparabon from rocks or lhe Killer)' and Eliot 
Fonnationsby ll1e Portsrnoull1fault. 

The Eliol and Kittel)· Fonlliltions were deposited during Lnte Ordovician to Early 
Silurian time along the eastern edge of a deep seaway, Ute Memmack basin, bordering an 
easlem landmass known as Avalonia. Primary sedimentary slrn~turcs such as those shown 
in Phnto~ 2, 3. 11nd -l- , indica1c 1h!lt sedimems of the Ki net)' Fonruition came from an e~stem 
so urce. Deposilion in the Mem111ack basmceased by Middle Silurian time, followed shortly 
thereafter by defonnation and me1,uuorphis111 n:laled to an early plia se of li1~ Acadi:m 
orogc ny. The Berwick Rindge mere, Gully Oven. and Tow ow Forurations accumulated in i:i 
western part ol the seaway (the Central Maine basin), with sedlmenl5 deri\·ed from erosion 
oft])? Bronson Hill terrane, an island-arc complex ofOrdovici an age. However. by the time 
of deposition oftlic East Rochester Fom1ation the source area shifted 10 the cast, probably tlic 
upliftedancldeformed rocks of the Merrimack basin. Defonnationor llie rocksof ll1e Central 
Maine basin took pince in cnrly Devonian time ns a result of a ]mer plmse of the Acndi.an 
orogeny. 

Magmatic activity spans the middle Paleozoic 10 111iddlc Mesowic. TI1e older 
intrusil"e rocks (e.g .. 407 Ma Exe1cr plmon. and undated Rochester dioriie) cm early Acadinn 
fo Ids in the seacoast area of New l-lampslrirc and Mnine. Granitic and granodioritic rocks of 
lhe Webh.mnet. Biddeford, Barringlo11 aud North Lebanon and related small plutons were 
intruded m abolll 380 Mn. close to the end oftlie Aendian defonnatiort Granite mtrusion 
continued mto llie late Pilleozoic (-280 Ma) and is represented here by the Lyman pluton. I! 
is lik~ly rebLetl lo ll1e Sebago ball1olill1, just 1mrth of tlus map area, ai1d one of tlle larges1 
batlmliths in the New England area. Some im·estigmors relme the emplacement of these 
youngest Paleozoic grarutcs to the Al lcghan1 an omgcny, lhe tcnrunal compressmnal event of 
tlie Palcotoic Era iu !lie Appalaclri au Mountains . 

The last ITllljor evcm in tlJC geologic hisLOI)' represented on tile Kittery sheet is 1he 
mlrusion of rocks of the White .Mountain Plutonic-\lokanic Series of Mesowk age. The 
Agamcnl icusComplex is;i ringcomple.'<ofTriassic::1ge (225 Yla). one ofll1eolde s1 intrusiYe 
rock bodies of the se ries related to the opening of the Atlantic Ocean. II is pan of a 
nonhwest-lIC.11ding chain of eroded volcanic centers from the New England Sea.mounts 
across cenLrnl New E11gland and soulltem Quebec. Tills rift and drift-related magma1is111 
spnnncd over I 00 .\Ila. Tiie la~1 ve~rige~ of 1his acth•iry are reflcc1ed in the -1 20 Ma age 
gabbroic complexes exposed m Tatme 11111, Alfred, Cape Ncddick, and Lebanon. In acldition 
to tliese comple.~es, !lie area is crooscul by abundant basalt a1xl diabase dike.s (Plmto 16). 
some of1hcm tens of me1crs I hick nnd traceable for tens of kilomcters across the ITlllp area, 
and huruircds of kilo111e1ers to t.he northeast and southwest. They tMintaJn an orienlation 
roughly parnllel to edb'C oft~ No rth Ameri.:an plal~ where it splil mu! continues to sepm;1le 
from the Eurasian plm e A majority of these dikes are of Jura ssic age (grefller 1han 145 Mn 
and less than 1()5 -'Aa), illl.nlOed after the AgaJnc:nticus Complex but before 1he gabbroic 
complcx<!s. 
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Photo 1. TI1i1~ folded beds of the Eliot Formation at the type loc ality at 
Lee Fi,•e Cornets, New Hampshire. 

Pholo 3, Graded beds in the Kittery Formauon along the shoreline m 
York, Maine . A graded bed (two of wlticl1 are well SIX)Wn) bas a light gray 
melasandstone lower part that grades up11;ard into a dark metashale, the 
top of which 1s an ablllpt break to the overlymg metasandstone. These 
bed5 top lo tl1e righ1 of the pholo and are mclmed because of folding tliat 
has affected ll1ese rocks. The conspicuous graded bed in !lie center of the 
pho10 is appro.xi.i1tately eight centimeters thick. 

Photo 5. Bcr1vick Format ion lll lype location, Soulh Berwick, Maine. 
Salmon Falls Ri\'er. Nole typical thick to 1hin bedcled characteris1.Jc ofll~ 
fonnation. 

Photo 7. Bedding typical or the Eas1 Roches1er Fonn.11ion e.xposcd in 
Li1tle River, LebanoJL Mame . Arrow point.I to a graded bed, indicating 
that these beds areovcrtunied. 

Pbo1o 9. Slriugers of !lie Biddeford grarute (light colored and massi,·eJ 
cutting the Kittery F onnalion (dad:), Biddeford Pool, Maine. 

Pbolo 11. Upright folds of the Kittery Fommtion along York, Maine, 
shoreline . 

Ph<Ho 13. Sheared beds of metasiltstonc (medium gray) and met as hale 
( dark gra}) typical of the Rye Complex at Fort Foster, Kil lery. Maine. 

Figure 15, Qumv.-feldspar gneiss. Rye Complc.'i. New Castle, New 
Hmnpslriro. Coas1 Gumd stmio11 . The blas1omylonitic texture in the 
gneiss 1s t.hc produ~( of c.-.:ucme early sh~ari1q;. Thi:; exposure also 
comalns late pscudotachylite (frictionnl melt rock) in S-shaper::l gashes 
fomied by !are shearing. 

Pholo 2. Glacially polished Eliot Fonnaliou. gravel pil in Saco. fl,fai.ne . 

Photo 6. Bedding typical of the Gully O\.·en Fom1at1on al an exposure 
along Goding Road. Sanford . Maine. Note the conspicuous graded bed 
under the 11otebook (light colored J11Clasilts1onc grading upward imo dark 
coloreiJ rnetashale. Tiiesc b,:,-ili; are ~teeply iucll..11ed be~au~i;: of folding 
during !lie Acadim10rogeny. 
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Photo 8, Thi.11 garnet-quartz grnnofels (coticule) bed in the Gully Oven 
Fon11ation. Route 16 ro:1d c11t. Rochester.New Hampshire. 

Pl1oto 10. Em-lier rccu.mbcm folds of the Kittery Formation. Maryinal 
Way fool path. Ogu11qui1.MaJne. 

Photo 12. Phyllonit~ at 0 1u reh Road along Turkey Street, North 
Bem·ick, Maine 

Photo 14, 111.inly l:uninmed amphibolite, possibly representing mafic 
volcanic rock!; within Ilic Rye Comple:o,; at Sewards Point Kittery, Maine. 

Photo 16. A 2-me1cr-1hick diabase dike cutting 1he Kittel)· Formation, in 
mm cut by a 1hinncrbaS11lt dike . Shoreline north of Bald Mead Cliff. York, 
Maine. 

Ge-Oloi::kAc.e 
Cenor.oic Em 
Mesozoic Era 

GEOLOGIC TU\U: SCALE 
Absol11teA1:e~ 

Paleozoic Era 

Precamb rian 

Cretaceous Period 
Jurassic Period 
Triassic Period 
Permian Period 
Carboniferous Period 
Devonian Period 
Silurian Period 
Ordovician Period 
Ca mbrian Period 

0-65 
65 -1'15 
145-200 
200 -253 
253-300 
300-360 
360-4 18 
-l- 18-443 
443-489 
-189-544 

Olderthan5-14 

• [n millions of)'ears before present. (Okulilch, 
AV .2002 , Echclkdcs!cmpsBfologiq uc,.2002 
Commission g.!ologique du Cnnndn, Dossier 
Public 3040 (S<irie 11ationale d~, sci~uc~• Jc I~ 
frm,Alla, genlog1~u~)- R£VTSION ) 


