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IN TRO DUC TION

The Wells 7.5-minute quad ran gle (Figure 1) lies along the
Wells embayment of the south west ar cu ate beach com part ment
of the coast of Maine (Belknap and oth ers, 1989).  The prin ci pal
pop u la tion cen ters of the quad ran gle are Kennebunk Beach,
Wells, Wells Beach, and Ogunquit.  The land part of the quad ran -

gle is char ac ter ized by low un du lat ing to flat to pog ra phy with the 
high est el e va tion just over 200 feet in the north west ern part of
the quad ran gle.  The sea ward edge of the land is a se quence of
long sandy bar rier beaches (Fig ure 2) that bor der ex ten sive salt
marshes up to a mile in width.  Prom i nent points un der lain by
bed rock in ter rupt the con ti nu ity of the beaches.  Drain age is
dom i nated by rel a tively short east- to south east-flow ing
postglacial streams, the prin ci pal ones of which are the Mousam, 
Merriland, Webhannet, and Ogunquit Rivers and Branch Brook.  
A broad va ri ety of Pleis to cene to Ho lo cene gla cial, glacioma -
rine, and ma rine sed i ments has been de pos ited as a rel a tively thin 
blan ket over the bed rock (Smith, 1999).  Bed rock be neath the
surficial sed i ments in cludes Si lu rian age turbidites of the Kittery
For ma tion, which is the up per unit of the Merrimack Group (Ly -
ons and oth ers 1997); Early to Mid dle De vo nian gray and pink
gran ites of the Webhannet pluton (Hussey, 1962); Tri as sic al ka -
line gran ite and syenite of the Agamenticus Com plex; a va ri ety
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Fig ure 1.  Lo ca tion of the Wells 7.5-minute quad ran gle, southwestern
Maine.

Fig ure 2.  Wells Beach with ex po sure of the Kittery For ma tion on the
fore shore, look ing north from the vi cin ity of the beach front park ing
area at the end of the Mile Road at Wells Beach.



of ba salt and diabase dikes of pre sumed Tri as sic to Ju ras sic age;
and gab bro of un cer tain age.  I have mapped the ge ol ogy of the
area in ter mit tently over a pe riod of time span ning my pro fes -
sional ca reer in ge ol ogy; and as a mat ter of note, this quad ran gle
has the first and (at the time of prep a ra tion of this re port) the last
of my field sta tion num bers.

IN TRU SIVE  ROCKS

Gab bro (Klg)

Dark gray me dium-grained highly weath ered gab bro is ex -
posed in two nearly ad ja cent rock pits (Fig ure 3) in the north -
west ern part of the quad ran gle where weath ered parts have been
ex ca vated for drive way and walk way dress ing ma te rial.  Depth
of weath er ing of the gab bro is in ex cess of 2.5 me ters in con trast
to es sen tially no weath er ing of an ex po sure of the pink gran ite
phase of the Webhannet pluton 60 me ters to the east.  Some
surficial ge ol ogy in ves ti ga tors have sug gested that the weath er -
ing is preglacial (Bloom, 1960).  Fig ure 4 shows a boul der of
weath er ing of the gab bro still in place in the pit just north of the
road lead ing west from its junc tion with Maine Highway 9A at
Wells Branch.  Min er als pres ent in clude py rox enes (both
clinopyroxene and orthopyroxene), hornblende, bi o tite,
plagioclase, and op aques.  The full ex tent of this body is not
known be cause of the scar city of out crop.  It in trudes the pink
phase of the Webhannet pluton.  Based on coarse-grained tex ture 
and gen eral min er al ogy, this mafic rock is not cor re lated with the 
dikes noted be low.  It may cor re late with Cre ta ceous-age ig ne -
ous ac tiv ity as so ci ated with in tru sions in the Al fred Hills, Tatnic
Hills, and Cape Neddick (Hussey, 1962; Hussey and oth ers,
2008).

Diabase and ba salt dikes

Basalt and diabase dikes are com mon through out the area
and in trude the Kittery For ma tion (Fig ure 5) and both phases of
the Webhannet pluton.  They are in di cated on the ac com pa ny ing
geo logic map by red sym bols. Tex tures vary from ba saltic to
diabasic, and por phy ritic to non-por phy ritic.  In clu sions of a va -
ri ety of rock types are com mon, in clud ing di gested frag ments of
the Kittery For ma tion, gran ite, and xenocrystic milky quartz
(Fig ure 6).  The dikes range from a few cen ti me ters to greater
than 10 me ters.  No ra dio met ric ages are avail able from any of
these dikes in the Wells quad ran gle, but they prob a bly cor re late
with sim i lar dikes else where along the shore for which ra dio met -
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Fig ure 3.  Deeply-weath ered gab bro near Wells Branch.  Pit was ex ca -
vated for “rot ten rock” for path and drive way dress ing.

Fig ure 4.  Small knob of gab bro that has been pro duced by pro gres sive
weath er ing along joints in the gab bro.   This knob, which is still at tached 
to bed rock, will soon form a boul der from weath er ing like many oth ers
in the area.  This lo cal ity is in a  “rot ten rock” pit north of the road near
Wells Branch, as in di cated on the geo logic map. 

Fig ure 5.  Thin ba salt dike cut ting the Kittery For ma tion, same lo cal ity
as Fig ure 2.



ric ages rang ing from Tri as sic to Ju ras sic have been re ported
(McHone and But ler, 1984).  Sim i lar dikes cut the Agamenticus
Com plex in York, Maine, for which a Tri as sic age is re ported
(Foland and Faul, 1977), and sim i lar dikes are cut and con tact
meta mor phosed by the Cre ta ceous age Cape Neddick Gabbro in
York (Hussey, 1962, Foland and Faul, 1977).

Agamenticus Com plex (T ag, T as)

The Agamenticus Com plex is an as so ci a tion of alkalic
gran ite, alkalic quartz syenite, syenite, and bi o tite gran ite
(Hussey, 1962) of Tri as sic age.  Alkalic gran ite and alkalic
syenite of this com plex are in ferred to oc cupy a small area in the
very south west ern cor ner of the Wells 7.5-min ute quad ran gle. 
Al kalic syenite (T as)is me dium-grained ol ive gray, and com -
posed pre dom i nantly of microperthitic al kali feld spar with
soda-rich dark min er als such as arfvedsonite, riebeckite,
aegirine, aegirine-augite, aenigmatite, hastingsite, and
ferrohastingsite.  Mi nor quartz, up to 2% of the mode, is pres ent
through out the unit.  Alkalic gran ite (T ag) is light buff gray and
has min er al ogy sim i lar to the alkalic syenite, dif fer ing pri mar ily
in the rel a tively greater amount of quartz.  Foland and Faul
(1977) re port a K/Ar age of 228 ± 5 Ma. 

Webhannet pluton (Dwb, Dwg)

Gray and pink gran ite phases of the Webhannet pluton, a
30+ mile elon gate com pos ite in tru sive body of De vo nian age
(Hussey, 1962) are ex posed along the west ern edge of the quad -
ran gle.  The pink gran ite phase (Dwb), re ferred to in for mally as
the Bald Hill gran ite (from the su pe rior ex po sure at Bald Hill
quarry just west of the quad ran gle bound ary), is me -
dium-grained, non-por phy ritic, non fo li ated, and light pink to

light gray in color (Fig ure 7).  The min er als pres ent are
microcline, quartz with out un du la tory ex tinc tion, plagioclase of
com po si tion An12-20, bi o tite, and a mi nor amount of mus co vite;
ac ces sory min er als in clude sphene, zir con, ap a tite, and opaque
min er als (Hussey, 1962).  

The gray gran ite phase (Dwg) (orig i nally re ferred to as
quartz monzonite in the Johannsen (1938) scheme of clas si fi ca -
tion) is me dium-grained to coarse-grained, light gray, non por -
phy ritic, and mas sive to weakly-fo li ated.  Min er als pres ent are
quartz with vary ing de grees of un du la tory ex tinc tion,
microcline, plagioclase of com po si tion about An25, and bi o tite,
with mi nor amounts of hornblende, epidote, ap a tite, opaque
min er als, and sphene.  Sphene is no ta bly more abun dant than in
the Bald Hill gran ite, and oc ca sion ally oc curs as idiomorphic
grains up to 2 mm long, readily rec og niz able in hand spec i men. 
The ra tio of pot ash feld spar to plagioclase is ap prox i mately 1:1,
thus dis tinctly lower than in the Bald Hill gran ite.  Near the Wells 
in ter change of the Maine Turn pike, the gran ite is lo cally pink ish
gray but is dis tin guished from the Bald Hill gran ite by the the
greater amounts of bi o tite, epidote, and sphene.  

Ura nium-lead dat ing of zir con from both gran ite phases of
the Webhannet pluton, as re ported by Gaudette and oth ers
(1982), yields over lap ping ages (404 ± 13 Ma), sug gest ing that
both phases may have been emplaced syn chro nously.  This
agrees with a field ob ser va tion at a lo ca tion at the con tact of the
two ap prox i mately 1 km to the west of the Wells quad ran gle
where both both phases are in ti mately as so ci ated, and nei ther
has any sug ges tion of chill ing or con tact al ter ation against the
other.
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Fig ure 6.  An gu lar quartz xe no liths in a 3+ me ter wide diabase dike. 
Lo cal ity is shown on the geo logic map.

Fig ure 7.  Mas sive, non-fo li ated light pink ish gray mica-poor gran ite at
Wells Branch, part of the Bald Hill gran ite of the Webhannet pluton.



STRAT I FIED ROCKS

Merrimack Group (SOk)

Most of the Wells quad ran gle is un der lain by one for ma tion 
of the Merrimack Group, the Kittery For ma tion (SOk).  The
name, Merrimack Group, was first used by Hitch cock (1877) for
the se quence of quartzites and quartzose slates and phyllites ex -
posed along the Merrimack River val ley near Salis bury, Mas sa -
chu setts.  In Maine and ad ja cent New Hamp shire the Merrimack
Group was di vided into the Kittery, Eliot, and Ber wick For ma -
tions (Katz, 1917; Freed man, 1950; Bill ings, 1956), and Bill ings 
(1956) es tab lished the strati graphic or der with the Kittery For -
ma tion at the base and the Ber wick For ma tion at the top.  Re cent
work in New Hamp shire (Ly ons and oth ers, 1997) re verses the
strati graphic or der of the Kittery and Eliot For ma tions, and
Bothner and oth ers (2004) sug gest that the Ber wick For ma tion
may be in fault, not strati graphic, con tact with the Eliot For ma -
tion, an ob ser va tion orig i nally al luded to by Katz (1917).

Kittery For ma tion.  In the Wells quad ran gle the Kittery
For ma tion con sists of the fol low ing rock types:

1. Buff-weath er ing, very fine-grained, hard feldspathic
ankeritic and/or cal car e ous quartz-rich granofels;

2.  Dark gray chlorite phyllite.
3. Chocolate to pur plish brown, fine-grained, hard,

feldspathic and cal car e ous quartz-rich bi o tite granofels.
4.  Dark brown ish to pur plish gray bi o tite phyllite.
5.  Hard, flinty-tex tured, ir reg u larly and thinly lam i nated

quartz-plagioclase-bi o tite gneiss (Fig ure 8) with or with out
green calc-sil i cate min er als (hornblende, epidote, diopside).

Rock types 1 and 2 de fine the Kittery Fomation at low
grade (an ker ite-chlorite zone) of re gional meta mor phism, and

types 3 and 4 de fine the Kittery at slightly higher re gional grade
(bi o tite zone).  Rock type 5 rep re sents a hornfels zone seen
mostly in ex po sures within about one ki lo me ter of the con tact
with the Webhannet pluton.  Blocks or roof pen dants of the
Kittery For ma tion oc cur abun dantly within the gray gran ite
phase of the Webhannet pluton.

The Kittery For ma tion preserves ex cel lent bed ding, vary -
ing in thick ness com monly from 1 to 25 cm, but oc ca sion ally up
to 2 me ters.  Graded bed ding (Fig ure 9) is com mon.  Small scale
cross-bed ding has not been ob served in the ex po sures in the
Wells quad ran gle, but is com mon in shore line ex po sures to the
south in the Ogunquit to Kittery area.  One ex po sure at Moody
Point in the Wells Beach area pre serves flute casts (Fig ure 10). 
Some of the thicker beds, par tic u larly as seen in the Moody Point 
area, have zones of rel ict de tri tal coarse sand-sized to fine gran -
ule-sized grains of quartz, feld spar, and pos si bly rock frag ments
in the basal 1-3 cen ti me ter parts of beds.  From sedimentological
stud ies in the Portsmouth-Kittery area, Rickerich (1983) sug -
gested that the Kittery For ma tion ac cu mu lated as turbidite and
contourite de pos its in a deep-sea sub ma rine fan en vi ron ment. 
He re ports an av er age paleocurrent az i muth of 264º for turbidites 
based on cross-bed ding.  For the contourites he gives an av er age
paleocurrent az i muth of 308º.  The paleocurrent di rec tion for
turbidites in di cates trans port down a west erly-fac ing slope to -
ward the pres ent coast from an off shore land source to the east,
thus rul ing out der i va tion from the an ces tral North Amer i can
craton to the west.

The age of the Kittery For ma tion is con strained by the ages
of plutons which in trude the for ma tion, and by the ages of the
youn gest de tri tal zir cons in the sed i ments.  The old est in tru sive
that cuts the Kittery For ma tion is the Newburyport quartz diorite
in south ern New Hamp shire for which Fargo and Bothner (1995) 
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Fig ure 8.  Kittery hornfels, show ing rel ict lay er ing prob a bly rep re sent -
ing orig i nal bed ding (near Ogunquit Vil lage, south west cor ner of the
quad ran gle).

Fig ure 9.  Graded beds (tops to the right) in rel a tively unaltered Kittery
For ma tion at Wells Beach (same lo cal ity as Figure 2).  The lighter
buff-col ored rock rep re sents orig i nally coarser-grained silty to sandy
sed i ments and the darker rock rep re sents clay.  Note that the lighter col -
ored rock grades to the right into the darker col ored rock within a graded 
bed. 



re port a Pb/U zir con age of  417±1 Ma.  Wintsch and oth ers
(2007) in di cate that the youn gest age of de tri tal zir cons from a
sam ple of the Kittery For ma tion at Moody Point is ap prox i -
mately 460 Ma.  This in di cates a Late Or do vi cian to Si lu rian age
for de po si tion of the for ma tion.

Struc tural Geology

The rocks of the Kittery For ma tion have been de formed by
two ma jor fold ing events, the ear lier pro duc ing re cum bent folds
for which there is no di rect ev i dence in this quad ran gle, but
which are well dis played along the Ogunquit shore line just south 
of the Wells quad ran gle (Hussey, 2000).  The youn ger folds are
up right to mod er ately over turned and are well ex posed at Moody 
Point (Fig ure 11).  Sim i lar up ward-fac ing folds are in di cated in
other parts of the quad ran gle by re ver sals of bed ding fac ing di -
rec tions as de ter mined by graded bed ding.  Plunges of these up -
ward-fac ing folds is gently to the south west.

Ma jor faults have not been mapped in this quad ran gle. 
How ever, ev i dence of shear ing with sili ci fi ca tion is pres ent in
three zones: 

1.  In the vi cin ity of the scarp be tween Wells and Lower
Land ing there is one ex plo ra tion (?) pit that orig i nally ex posed
mas sive white bull quartz, in places with cav i ties filled with
quartz crys tals.  Sev eral other out crops in the area ex pose highly
si lici fied Kittery granofels.  Upon re ex am i na tion of this lo cal ity
in 2005, the pit could not be found, and is ap par ently the vic tim
of burial by fill for a rec re ational trailer park that exists in the
area today.

2.  In a zone in the south west ern cor ner of the quad ran gle
near a large stone quarry, rocks of the Kittery For ma tion show
ex ten sive sili ci fi ca tion with drusy quartz crys tals in a nar row
zone over about one half ki lo me ter in length, ex tend ing in a

north-north east di rec tion.  This may pos si bly trun cate the gray
gran ite phase of the Webhannet pluton in that area as sug gested
in cross sec tion A-A'.

3.  Two large diabase dikes ex posed more or less on strike
with the first two lo cal i ties carry abun dant an gu lar frag ments of
milky quartz (Fig ure 6) like that ob served in the pit at lo cal ity 1. 
These may have been de rived from the same si lici fied zone. 
Sim i lar quartz xe no liths have not been seen in ex po sures of ba -
salt and diabase dikes else where in the quadrangle.  

It is tempt ing to think that these zones may de fine a more
sig nif i cant through-go ing frac ture zone or fault, pos si bly linked
to one of the ma jor faults in the Casco Bay area to the north east,
in par tic u lar, the Cape Eliz a beth fault which has sim i lar ex ten -
sive sili ci fi ca tion (Hussey, 2003).

Tec tonic con sid er ations

Early re cum bent and later up right to over turned folds are a
re sult of the Aca dian orog eny, and both were pro duced prior to
in tru sion of the 417 Ma Newburyport pluton into the Kittery
For ma tion in south ern New Hamp shire.  This sug gests that the
Aca dian orog eny oc curred as early as Late Si lu rian time.  The
Early De vo nian Webhannet pluton (ca. 404±13 Ma) is es sen -
tially undeformed, in di cat ing that in tru sion and cool ing oc -
curred af ter orogenic com pres sion.  Both de for ma tion and
in tru sion may have re sulted from the col li sion, in Late Si lu rian
time, of a part of a peri-Gondwanan land mass (Avalonia?) with
an ces tral North Amer ica.  The Kittery For ma tion likely was de -
pos ited as a con ti nen tal rise apron bor der ing the North Amer i can 
side of Avalonia dur ing Early to Mid dle Si lu rian time.  Dur ing
the lat ter part of the Pa leo zoic Era, other con ti nen tal land masses
accreted to form a supercontinent, Pangea.  Ev i dence for this ac -
tiv ity is not recognized in the rocks of the Wells quad ran gle.
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Fig ure 11.  Plung ing nose of steeply-over turned anticline in the Kittery
For ma tion at Moody Point.  Plunge of the fold is gently south west.

Fig ure 10.  Well-de vel oped, mod er ately de formed flute casts on the
bot tom of a 45 cm-thick bed of rel a tively unmetamorphosed Kittery
granofels at Moody Point, Wells.  The top of the bed lies to the right
(south east). 



In tru sion of the Tri as sic Agamenticus Com plex and the
Tri as sic to Ju ras sic-age mafic dikes prob a bly re sulted from ten -
sional frac tur ing of con ti nen tal litho sphere that ac com pa nied the 
breakup of Pangea to form the pres ent At lan tic Ocean be gin ning
in the Tri as sic Pe riod. 
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