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WEB JOINT PATTERN OF TTIE CAPE NEDDICK |
GABBRO COMPLEX, SOUTHWRESTERN MAINE

HENRI 12, (}ALDFTTE AND CARLETON A, CHAPMA\T
E’mve:sﬂy of Hlmaia Urbana

Apsrracr, Joints m the roughly cir-
cular gabbroic pluton of Cape Neddick,
Maine, are radial and tangential and
form a pattern resembling a spider web.
Mafle dikes, thoush small and not nu-
merous, form .ouly a radial pailtern.
Iloth dikes and joints are: considerad
to he related and appear to huve formed
in the =olid pluton by a mild bt sudden
dommg action. " Thede conclusions cor-
roborate Hussey's Andings that the gah-
brojic pluton wag emplaced as a geries of

‘explozive intrysions controlled hr eone

fr acturing, |

The C‘-ape Neddick complex of -

York County, Maine, is an oval

- shaped hodv,' abmu 4000 feot long,

coraposed. of gabbroic rocks. Tt has
intruded and therma,ﬂy metamor-
phosed the Kittery Formation (Sil-
urian?) -composed of thin beds of
(nartzite and phyTlite.

Rarlier. studies. of “ the comp]e,x
include those of Wandko (1922),
Haff (1939, 1311 and 1843%, Wood-
ard (1957), Gaudette and Qdkﬂson
(19593, d,nd Eldridge (1960). The
most complete study of the complox
is that by Hussey, (1961 and 1962)
which not only covers the petrology

and strueture but relates the Cape

Noddick complex to  other basic

“igneous eomploxes in the immediate

area. Tha following description is
based largely on Hnmev 5 investi-
gation. 3
The complex is composed of gab-
bro, anorthositic gabbro, cortlandti-

- tie gabbro and pegmatitic gabhro

(Fie1). Along eastern and sonthern

marging of -the complex is a beit
of agglomerate composed of guban-
gular fragments (up to.8 inches
across) of basalt, folsite, porphyry,

. "qu_cutﬂte,

: p}whte. and pr_o_ba.b]y
erystal tuff. The agglomerate iz be-
lieved to reprebent #n eatly explo-
sive phase of the complex.

labbro forms the outer rock belt

of the vomplex and s rather rapidly
transitional into anorthositiec aabbro

nearer. the  eenter, (‘ort.la.ndtl_tlc
gabbro occupies the central area and
appears to' form lenses or- tongues

in the other Lwo rock Lypes (Ifig.1)..

Pegmatitic gabbro algo forms lenses

in the outer gabbro belt. The rock -

distribution in plan is typically an-
nular and rescmbles that of wmany

ring complexes of New Eng’ldnd As

A gTou p the rocks show various types

- of layering as well as igneous lami-

nation: - These - planar structures
strike parallel to the external and

_internal contaels of the complex

and dip inward at an angle which

- generally docreases from the MArgin
The outer con- . .

toward the center.
tact appears to be steep or. to dm
inward at a high angle.

Tlussey (1962) concludes that fthe

complex was_enlplrwed_ by cone-frae-
turing that oceurred in two distinet
phascs. In the first phasc:a steep

_ 1unnel shappd block of country roek

was shoved upward during the in.

trusion of a dense gabbroic magma.-
;ryqtalhz‘:tron of this welt gave *

rige to mafic-rich rocks at depth and
to the gabbro and anorthosilic gab-

bro now seen in the outer part of

the complex. Accumulation of Crys-
tals under gravit v aud later- forma-
tion  of ]._r.lt(\l'pru dipitate minerals
largely’ accounts for the lavering
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and lamination ‘in the. roeks of this

first phase. Initially inward dipping

planar struetures may

steepened by partial mthdrawal of
~magma-from below.

Tu the second phase foreefully in-.

_truded magma entered cone fractures
in the gabbro and anorthositic gab-
"bro and filled the space vacated by
a funnel-shaped block near the ccn-
ter.-of the complex. Upon erystal-
“Tization this magma formed the eort-
Jandtitic gabbro, Subseguent with-
drawal of magma from below may
have caused steepening of layers
_in the cortlandtitic gabbro. Emana-
tiohs associated with this secend
injection may bave followed cone
fractures and: caused the earlier

have been:

E".'Iatﬁm: 1._—-G.eologic'ma,p of Cape N@ddick,.'l\z‘[aine.

gabbro to be r(,('rystaﬂlz(‘d to pecr-
matitic gabbro:

The -seguence of rock forma,tlon
was, therefore: (1) gabbro, (2)
anorthositic gabbro, (3). cortlandti-
tie gabbro, and- (4) pewmatltlc tmb-
bro.

Tn the lght of Iussey’s (1962)
more vecenl detailed work, certain
structural studies made  several
years earlier by Gaudétte and Sak-
rison. {1959) take on a slightly
different and more ﬂ;lgmﬁcam Tnean-
ing.

The struetural- features  with
which . we are primarily concerned

here arc the joints.” A. plot of the

joints as originally measured by
Gaudette and Sakrison is shown in
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Figure 1. Tt should be noted that

nearly all readings lie within the
gabbro and anorthositic . gabbro

phases. In spite of the fact that the
central cortlandtitic gabbro is poor-
Iy exposed, it is felt that the much
greater concentration of joints in
the marginal phases of the complex
1§, in general, . cotreel representa-
tion.

The joinl patiern as. expressed in
Figure 1 may be considered as con-
stituted by two joint Hystoms, one

radigl and one tangential. Two such

systems in combination, if ideally
developed, should give rise to a
spider web ‘pattern. In the Cape
Neddick complex the web pattern
appears meomplete because the cen-
tral portion is so poorly dev eloped,
Other struetural fetuves of the
ceomplex, recently investigated by
the present atthors but not mention-
ed by the earlier workers, are the
few small basic dikes which ent the
Cape Neddick complex. Only 18
such dikes were located, and of
these all but one are less than a foot
in thickmness. .
. Microscopically the. dlke ‘material
appears to have been basaltic in
composition. It eonsists of about
856% plagioclaze (Ang ¢3); 18% red-

brown biotite, 10% opaques, and.
“roughly . cither 15% of elinopy-.

roxene or 20-25% red-brown horn-
blendé, The original rock .textures
were subophitie . to intergranular.
Fluidal structure with well-oriented
plagioclase " laths. is  eommon
throughout the smaller dikes and
near the contacts of the lar ge one.

Reerysmihiatmn and alteration of

the dike material appear as exten-.

sive phenomena. - Locally ‘original

textures rémain; but due to recrys-

tallization, grains have hecome

rounded and mutually embayed so
the rock takes on a hornfelsic tex-

tiwre, Clmopvroxene is the princi-
bal primary mineral, biut much has.
been converted to hornblende and
biotite. Conmderable hornblende’

has also been changod to bietite.

Biotite is generally more ahnndant‘
- where the content of pyroxene p]us
- hornblende ig lower.

Clogely associated with some of
these basic dikes are intermediate
to granitic phascs and the relation-

_ship between different types may be
of a simple or eomplex nature. The
microscopic features of the dikes. in
.this association  resemble thoso of
certain dikes at Mount Desert Te-
land, Maine (Chapman 1942).

‘When plotted on the map (I‘lo' 1)

‘the basic dikes (;ppear to present a
radial pattern. Tt is- possible that
fheir restriction to the marginal

portion of the pluton is more- ap-

parent than real because of the bet- -
tor exposures in this region, how-

ever, the radial pattern and hasaltie
(,ompomtmn suggest they are geneti-
cally related to the Cape Neddick

complex, The dlhes__ are- chviously
younger than the pabbro . and an- -

orthositic gabbro; but, because of
their pe‘rlographlc character, they
are probably not related to the cort-
landtitic gabbro. "It seems logical,
however, to consider them contem-
poraneons with or younger than ‘rhe
radial joints.

The history of development of the
web joint pattern may have heen

rather complex. The joints are ob-.

viously all post-gabbro and post-
anerthositic gabbre in age, and some
at least must be Post- corﬂandtxtm
gabbro in apge.
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Hussey (1062, p. 48) considered
that the arcuate masses of eortland- .
" fitie gabbro in the outer part of
_the complex are cone. shests, which
formed ag the central mass of . cort-
landtitic gabbro was emplated. Some
of the tangential joints in the puter

part of the complex may represent:

cone fraetures, formed during this
same explosive phase, which never
opened sufficiently to ‘admit the ma-
fic magma. Had most of the tan-
gential joints formed at this time,
it would seem that cone sheéts
gshould be humercus in this area.
Sinee radial fissures filled with cort-
landtitic material have never been
~fornd here, it seems likely that the
~ cotie fractures were adequate to Te-

lieve the stress and that few if any

radial’ joints formed at this time.
Furthermore, Hussey’s (1962, p.
48) eonelusion that Gonsiderable re-
crystallization of the gabbro to form
pegmiatitic ‘gabbro. may have taken
place along. principally obe eone
fracture due to rising emanations,

.and the fact that such reerystalliza- -

tion ig not known to have oececurred.

B along any radial joints would also,
- indieate that few if any radial joints,

had formed, It appears, therefore,

that nearly all the radial joints and

most of the tangential joints formed
after the cortlandtitic gabbro was
" emplaced, :

- The web pattern, thereiore, may
be aseribed to a still later. but re-
latively minor explosive phase. Such
an impulse may have been mot only

less violent; but it may have oec-

curred more as a sudden, mild dorm-
ing -aetion aeeompanied by the in-
“jection of only a few thin mafie
dikes. A doming movement would

help explain the numerons radial
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joints- and the small, radial. basie
dikes. : The tangential joints would
'replesrnt cone- fractures which did
not open sufficiently to admit the
new. mmagma.

Tn most other areas where come
sheets liave formed, there is a pau-
ity ‘of these fractures in the vicinity
-of the intrusive center. Instead the
cone sheets tend to cluster in a ring-
like zome & short distance from the’
eruptive epicenter. This character-
istic of cone sheet formation may
explain the small number of tan-
gential joints in the cortlandtitic
grabbro, which -cecupies the central
portion of the complex, and the elus-
tering of these joints in the mar-
ginal portion. ,

*The searcity of radial mmts n

“the eortlandfitic gabbre may be ac-

counted for if it is assumed that
the central portion of the complex
moved upward. more or less as a
single conieal block isolated by cone
fracturcs. Such movements would
have created little or no stretching
inh this cenfral region and consc-
quently few if any radial joints in
the cortlandtitic gabbro.

-Tn snmmary, it may be said that
the present study of joints and dikeés
in the Cape Neddick complex tends
to corroborate HMussey’s (1962) find-
ings. . The sequence of events that
led to the development. of the com-
plex- and the web joint pattern In
its outer portion is as follows:

1. Intrusion of gabbroic melt into
a funnel-shaped opemng (voleanics
vent).

2. (;rystalllmtlon and. formation
of the layered gabbro and anorthocn-
tle gabbro, .

3, Slumping of the cryata,l mush
‘or nearly solid rock along steep
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fra(*tures, to par’rmHV obhterate to
tilt, and- to. partly reform the Jm
ered. strueture (vecrystallization)..

4. Sudden forceful intrusion of
cortlandtitic gabbro melt- to form
steep cone fra(-tures in the- n(‘arlv

completely - ‘erystallized - earlier

phases. Influx of magma into some
cone fractures to- form-eone sheets.
Upward displacenient of a central
cone-shaped block to form the cen-

tral inass of corflandtitic gabbro.

' Perhaps some Pécrystallization of
-gabbro and :anorthositic Uabbm 0g-
curred ‘&t this time. |

5. Slumping of the cortlandtitic

mass and. s‘reepemng of 1ts layered -

structure. .
6. Sudden dommg action in the

solid -complex, during a late and. -

minor explosive phase, produced the

web pattern of radial and tangential

Joints and thie small radial dikes
of bhasaltic composition,
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