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The Acadian plutonic rocks of New Brunswick

L.R. Fyffe, New Brunswick Department of Natural Resources,
Mineral Resources Branch, P.O. Box 6000, Fredericton, New Brunswick, Canada, E3B 5H1
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Extensive bimodal plutonism accompanied and followed the Acadian deformation in New Brunswick. These
Acadian plutons define a Central Plutonic Belt, which 1s largely confined to a terrain with an Acadian trend
of 030°, and a Southern Plutonic Belt, which occurs within a structural province with an Acadian and Variscan
trend of 060°.

It has been possible to classify the Acadian plutons north of the Avalonian Platform according to their
structures, textures, field relationships, mineralogy, and chemical characteristics; supplemented by radio-
metric age dates. Plutonic rock types include: A-B a mafic-felsic association; C - syntectonic tonalite and
granodiorite; D - muscovite-bearing; F - megacrystic granitoids; H - equigranular biotite granites; and E and
G - 'transitional' granites.

The magmatism, regardless of location, follows a common evolutionary trend and appears to comprise a
sequence of intrusions from early Devonian to Carboniferous time with no significant break in the evolution.
These characteristics along with the bimodal chemistry and the lack of compositional polarity suggest that
the development of these Acadian plutons was not subduction-related. A time-dependent process such as radio-
active heating of a thickened crust is a more probable mechanism for their genesis.

Au Nouveau-Brunswick, la déformation acadienne fut accompagnée puis suivie d'un plutonisme bimodal trés
étendu. Ces plutons acadiens définissent une zone intrusive centrale et une zone intrusive méridionale: la
premiére se confine en grande partie dans une région qui présente une orientation acadienne de 030° alors
que la seconde se trouve 3 1l'intérieur d'une province structurale marquée par une orientation acadienne et
varisque de 060°.

Au nord de la plate-forme avalonlenne, les plutons acadiens ont pu €tre classifiés selon leurs structures,
textures, relations de terrain ainsi que leurs caractérisques minéraloglques et chimiques, le tout étant com—
plété par des datations radiométriques. Les roches intrusives comprennent: A-B une association mafique et
fe_];sique; C - une granodiorite et une tonalite syntectoniques; D - roches intrusives 3 muscovite; F - grani-
toides 3 biotite équigranulaire; et E et G - granites '"de transition”.

Peu importe l'endroit, on observe une tendance évolutive commune i ce magmatisme qui semble comprendre une
suite d'intrusions, évoluant sans interruption du Dévoniean inférieur au Carbonifére. Ces caractéristiques, en
plis de la bimodalité du chimisme et de 1'absence de polarité de composition, suggérent que ces plutons aca-
deins ne furent pas formés par subduction. Pour engendrer ceux-ci, un processus 1i1& au temps, tel que le
réchauffement radioactif d'une crolte qui s'est épalssie, est plus probable.

[Traduit par le jourmal]

GEOLOGIC SETTING clastic turbidites containing
_ . abundant volcanic detritus. Upper
The pre-Carbonliferous rocks Ordovician (Ashgillian) to Lower

north of the exposed Avalonian
Platform can be divided into four
tectonostratigraphic zones (Rui-
tenberg et al. 1977). These are,
from southeast to northwest, the
Fredericton Trough, the Miramichi
Massif, the Elmtree Inlier and the
Matapedia Basin (Fig. 1). The
plutonic rocks of the Central Plu-
tonic Belt are mainly restricted
to the Miramichi Massif, while
those of the southern Plutonic

Silurian calcareous flysch con-
formably overlies the clastic se-
quence and indicates peneplanation
of the source area by this time.

The calcareous flysch is con-
formably overlain by Lower Silurian
to Lower Devonian (Siegenian-Em-~
sian) clastic sedimentary rocks
to the northwest (St. Peter 1978)
and by a suite of volcanic rocks
ranging in age from late Silurian

Belt occur along the southern mar-
gin of the Fredericton Trough.

Matapedia Basin

The oldest rocks exposed in the
Matapedia Basin are Caradocian

to early Devonian (Gedinnian) along
a northeasterly trending belt lo-
calized along the border of the
Matapedia Basin with the Miramichi
Massif. North of the Rocky Brook -
Millstream Fault, the late Silurian
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volcanics are a bimodal calc-alka-
line tomildly alkaline suite with
a gap from 58% to 66% SiO2 (Fig.
2a), whereas the early Devonian
rocks have an unimodal trend with
abundant intermediate rocks and
minor rhyolite (Fig. 2b). Only
early Devonian volcanics occur
south of the fault and, although
no chemical analyses are avail-
able, these appear to be bimodal,

with the volume of rhyolite in-
creasing from the northwest to
southeast as the margin of the

Massif is approached.

Apart from its southeastern mar-
gin, igneous rocks are virtually
absent from the Matapedia Basin
though erosion has exposed it to
considerable depth; this perhaps
indicates a thin underlying crust
to the Basin. Rocks within the
Basin have undergone one period
of penetrative Acadian deformation.
accompanying metamorphism is sub-
greenschist grade except along
the southeastern margin where it
reaches the greenschist facies.

A lengthy period of instability
along the Basin's southeastern
margin 1is indicated by abundant
volcanic activity and a varied
geologic history. 1In the north,
post-Taconian transgression of
the Matapedia sea over the margin
of the Miramichi Massif is marked
by the presence of Upper Silurian
(Ludlovian) conglomerate lying un-
conformably on Ordovician mafic
volcanic rocks. Further to the
southwest, Lower Devonian volcanic
rocks and interbedded quartzite
of the Matapedia Basin are faulted
against sillimanite-grade Cambro-—
Ordovician rocks of the Miramichi
Massif. Plant - bearing Devonian
sedimentary rocks overlying the
volcanics contain abundant meta-
morphic detritus eroded from the
Massif. This erosion presumably
accompanied faulting and uplift
of the Massif which preceded em-
placement of early Acadian intru-

sions into the southeastern margin
of the Basin (Fyffe and Cormier,

1979).

In the south, Ashgillian cal-
careous flysch of the Matapedia
Basin 1is in fault contact with

Cambro-Ordovician quartz wacke of
the Massif. A northwest-trending
graben transecting the Massif con-
tains Lower Devonian volcanics
that overlie Silurian calcareous
sandstone. Quartzite-pebble con-
glomerate with a calcareous matrix
is locally preserved lying uncon-
formably on the Taconian terrain
(Lutes 1979).

Elmtree Inlier

An uplifted block to the north
of the Miramichi Massif consists
of deformed gabbro, amphibolite,
sheeted dikes, peridotite and minor
plagio-granite overlain by pillow
basalt of lower greenschist facies
(Rast and Stringer 1980). Cara-
docian feldspathic and quartzose
turbidites overlie the basalt and
in turn are overlain unconformably
by Lower Silurian conglomerate.

The ophiolite suite of the Elm-
tree Inlier represents a remnant
of the Ordovician Iapetus Ocean
(Pajari et al. 1977). Seventy
kilometers to the northeast, across
the Bay of Chaleur, the pre-Cara-
docian Macquereau Group of the
Gaspé Peninsula has been identified
as the rise prism of the North
American continent (St. Julien and
Hubert 1975). Therefore, the
suture of the Iapetus Ocean lies
between Gaspé and the Miramichi
Massif. '

Miramichi Massif

The oldest rocks exposed in the
Massif are a thick sequence of
quartz wacke, quartzite and slate
(lower Tetagouche Group) repre-
senting a continental rise prism
formed off the Avalonian platform

(Schenk 1971, Ruitenberg et al.
1977). The quartzose sequence is



47°00" —

45°00" —

68°00"

67°00"

66°00'

FIGURE |
PLUTONIC ROCKS
OF
NEW BRUNSWICK

(EXCLUSIVE OF THE AVALONIAN PLATFORM )

compiled by

L.R.Fyffe, G.E, Pajari, Jr. and M.E.Cherry

69°00"

(g

I=
68°00"

67°00"

ELMTREE

MILES
10 o 10 20

INLIER ‘

65°00"

10 20
66°00' KILOMETRES

64°00"

_—— a8°00’

>
@

E

MEHEHNEE R~

——~— 47°00'

. B 46°00°

DATES (Ma)

370t 30
378 7
479t /4
432 6
409 t 20
352t 9
484+ 33
389 t 20
33715
403 t 20

45°00"

64°00"

g
|

E m Medium- grained equigranular biotite granite with marginal
muscovite - biotite granite
D - Meo’/um— grained equigranular muscovite- biotite granite
( trans granodiorite )
c Syntectonic tonalite , granodiorite
m Medium- grained subporphyritic to porphyritic
biotite * hornblende granite fo granodiorite
Diorite ,gabbro , troctolite ,ultramafic rocks,
minor monzodiorite
ORDOVICIAN
Older granitoid bodies (pervasively deformed)
[mmmﬂm Ophiolite
\\\\ Zone boundar)
\\\\ Y
Unconformity ( circles on younger side)
Taconian cleavage
Acadian cleavage
Sillimanite grade metamorphism
YA Volcanics , Ordovician / Silurian- Devonian
/ Digbase (late Triassic)
g Normal fault
= Wrench foult
T High-angle reverse fault
<< Thrust faul?
e Rb-Sr whole rock age date (4=1.42x10"" yr™)
|. Quisipis Mountain Stock 2\. Dungarvon Granite
2. Charlo Stocks 22. Trout Brook Granite
3. Jacquet River Gabbro 23. Becaguimec Lake Gabbro
4. Antinouri Lake Granite 24. Nashwaak Granite
5. Nicholas Denys Granodiorite 25. Howard Peak Granodiorite
6. Pabineau Falls Granite 26. Gibson Granodiorite
7. Ramsay Brook Gabbro 27. Benton Granite
8. West Portage Brook Troctolite 28. Hartfield Tonalite
9. Mount Walker Troctolite 29. Hawkshaw Granite
| O. Mount Elizabeth Granite 30. Skiff Lake Granite
| |. Goodwin Lake Gabbro 31|. Tower Hill Granite
| 2. Miramichi Granite 32. Sorrel Ridge Granite
| 3. Clark Mountain Gabbro 33. Pleasant Ridge Granite
| 4. North Pole Granite 34. Beech Hill Granite
| 5. North Dungarvon Granite 35. St. Stephen Pluton
| 6. Redstone Mountain Granite 36. Bocabec Complex
| 7. Clearwater Brook Gabbro B37. McDougall Lake Granodiorite
| 8. Lost Lake Granite 38. Charlotte Granite
| 9. Juniper Barrens Granite 39. Hampstead Granodiorite
20. Burnthill Granite 40. Stewarton Complex

CARBONIFEROUS / TRIASSIC

H Molasse , limestone , volcanics

DEVONIAN 7/ CARBONIFEROUS

n Caarse grained equigranular biotite granite characterized by
minor porphyritic and granophyric pheses

- Med/um grained equigranular biotite * hornblende granite

Megacrystic biotite * hornblende granite ( trans granodiorite )




MARITIME SEDIMENTS AND ATLANTIC GEOLOGY 25

in places overlain conformably by
a thin calcareous slate containing
an early Ordovician fauna (Neuman
1968, Fyffe 1976) and elsewhere
is overlain unconformably by quart-
zite pebble conglomerate presum-
ably of early Ordovician age. This
local unconformity appears re-
lated to instability associated
with the onset of Ordovician wol-
canic activity.

The Lower Ordovician calcareous
slate and conglomerate are over-
lain by a sequence of predominantly
felsic volcanic rocks and a gene-
rally younger Caradocian sequence
of mafic volcanic rocks and grey-
wacke (Helmstaedt 1971). Pillow
lavas interbedded with iron- and
manganese-rich slate indicate a
marine depositional environment.
The abundance of felsic volcanic
rocks and associated pervasively
deformed granites (Fyffe et al.
1977) suggests in turn that con-
tinental crust underlies much of
the Ordovician volcanic terrain.
The volcanism 1is
have been caused by the southeast
subduction of oceanic crust along
a continental margin represented
by the Miramichi Massif (Pajari
et al. 1977).

The layered rocks and intrusive
older granitoids were polydeformed
and metamorphosed from subgreen-
schist to amphibolite grade and
uplifted during the Taconic Oro-
geny, which is related to the clo-
sure of the Iapetus Ocean (Bird
and Dewey 1970) . During the Acadian
Orogeny, the Massif was intruded
by a large volume of magma, mainly
of granitic composition (Fig. 2c).
Differential uplift of fault blocks
and resulting erosion has exposed
plutons to various depths along
the length of the Massif. Uplift
was greatest within the central
portion of the Massif along its
northwestern margin. Latest move-
ment on prominent east-trending
dextral faults post-dates emplace-

interpreted to .
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Fig. 2 - Si0O2 histograms: a) Silurian
volcanics from Matapedia Basin (121°
analyses); b) Devonian volcanics from
Matapedia Basin north of Rocky Brook —
Millstream Fault (55 analyses); c) Aca-
dian plutonic rocks from Central Plutonic
Belt (257 analyses); d) Acadian plutonic
rocks from Southern Plutonic Belt (150
.analyses).

ment of the youngest Acadian plu-
tons.

Acadian cleavage within the Fred-
ericton Trough and Matapedia Basin
parallels irregularities along the
margins of the Miramichi Massif
and is only locally developed with-
in  the Massif. 1It, therefore,
appears that the Massif acted as
a buttress during Acadian defor-
mation. For this reason and be-
cause of its complex metamorphic
and igneous history we prefer the
term Massif rather than Anti-
clinorium (Rodgers 1970).

Fredericton Trough

The Fredericton Trough, in fault
contact with the southeastern mar-
gin of the Miramichi Massif, was
the site of turbidite deposition
from Wenlock to Ludlow time. The
correlation of the lower Cookson
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Formation of southern New Bruns-
wick with the lower Tetagouche
Group of the Miramichi Massif
(Ruitenberg et al. 1977) suggests

that the Cambro-Ordovician con-
tinental rise sediments covered
all the terrain north of the

Avalonian Platform to the Matapedia
Basin prior to the development of
the Fredericton Trough.

Minor pillow basalts occur in
the Ordovician rocks of the Cook-
son Formation and more extensive,
mainly bimodal (McCutcheon and
Ruitenberg, in prep.), volcanism
prevailed in 1late Silurian and
early Devonian time along the
southern margin of the Trough. This
younger volcanism is correlatable
with the Coastal Belt of New Eng-
land. The rocks of the Fredericton
Trough were deformed during the
Acadian Orogeny and were subse-
quently intruded by the largely

bimodal suite of the Southern
Plutonic Belt (Fig. 2d). Rocks of
intermediate composition are of

small areal extent (Fyffe 1971).

The Fredericton Trough is in-
terpreted to represent a mature
rift that had developed into a
turbiditic basin by middle Silurian
time and was closed during the
Acadian Orogeny with attendant
polyphase deformation and subgreen-
schist to greenschist metamorphism.
The main Acadian cleavage adjacent
to the Miramichi Massif parallels
the contact (030°) whereas those
against the Avalonian Platform
trend 060°. This structural diver-
gence indicates that the basement
of the Trough widened to the north-
east and acted as an independent
crustal segment. The paucity of
igneous rocks in the central part

of the Trough suggests that the
underlying crust was different
(thinner?) than that underlying

the Miramichi Massif or the boun-
dary between the Trough and the
Avalonian Platform.
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Second Acadian folds associated
with the high angle thrust faults
verge to the northwest near -the
boundary with the Miramichi Massif,
whereas second folds along the
southern margin of the Trough verge
to the south (Ruitenberg et al.
1977).

Summary

An early Paleozoic continental
rise prism extended northward from
the Precambrian Avalonian Platform

onto the Miramichi Massif. The
northern and northwestern boun-
daries of the Massif are identi-

fied as the edge of the Avalonian
continent bordering the Iapetus
Ocean which lay to the north. The
southward subduction of the Iapetus
gave rise to the Miramichi bimodal
volcanic arc and later, during the
closing stages of the ocean, re-
sulted in the Taconian Orogeny
of post-Caradocian, pre-Ludlovian
age.

The Matapedia Basin remained a
depositional site through the clo-
sure while the Fredericton Trough
evolved, probably through thinning
of the continental crust, to be-
come the site of Silurian turbidite
deposition. Volcanism, largely
bimodal, along the southeastern
margin of the Matapedia Basin was
nearly contemporaneous with bi-
modal volcanism during the late
Silurian and early Devonian along
the southern margin of the Fred-
ericton Trough. The Acadian Oro-
geny deformed the rocks of the
Matapedia Basin and the Frederic-
ton Trough and was accompanied and
followed by extensive bimédal plu-
tonic activity in the Miramichi
Massif and along the southern bor-
der of the Fredericton Trough.

Classification of Acadian Plutons

The major criteria and the re-
sulting distinctions which were
used to classify the Acadian Plu-
tons are:
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1) mineralogy — compositional
distinction; i.e., mafic from
felsic, muscovite 2 biotite
from biotite-bearing;

2) character of metamorphic

aureole;

3) texture — particularly the
identification of the mega-
crystic type:

identification
and

4) structure -
of deformation;

5) compositional and intrusive
relationships between spati-
ally related intrusions -—
identification of Types A-B
and D-F associations.

In the application of these
criteria, some plutons were found
to possess characteristics tran-
sitional to the more readily defin-
able types. These were allocated
a separate status (Types E and G,
Fig. 1), and because of their in-
termediate characteristics, will
be described last in the follow-
ing descriptive section. It should
be understood that the classifi-
cation is based solely on field
and petrographic criteria and that
the chemical data were used simply
to provide additional indices for
the classification.

The available data (Table 3) for
the individual plutons are vari-
able in detail and gquality, a fac-
tor which will undoubtedly neces-
sitate future modifications to
this scheme. Analyses which rep-
resented identifiable minor phases
or anomalous mineralogy were eli-
minated.

Types A and B —
The mafic-felsic association
A: [3,7,8,9,11,13,17,23,35,40];

B: [1,2,5,16,26,27,36,39]*
(Type A)

The mafic plutons are

variable in mineralogy and inter-
nal structure. These range from
well-defined tholeiitic layered
intrusions [8, 9, 11, 35,40] with
varying iron enrichment trends to
ophitic gabbros [3,7,13], some of
which contain late amphibole and
pegmatitic gabbro [17,23,36]. An
example of such variation occurs
between the St. Stephen [35] and
nearby Bocabec [36] intrusdions.
These plutons were virtually con-
temporaneous, but the former is a
layered intrusion while the lat-
ter is characterized by ophitic
textures and abundant pegmatites
with only a local 35 meter thick
subhorizontal cumulate unit, much
of which was destroyed by later
pegmatization. If these’ intru-
sions had a common magma& source,
as is probable, the major differ-
ences can be attributed to water
saturation of the Bocabec gabbroic
magma (compare the gabbro analyses
35 and 36a, Table 3; the former
may represent a partial plagio-
clase cumulate and the latter, a
gabbro slightly "metasomatically"
enriched in K,0 by the later granite
intrusions).” Variation in iron
enrichment 1is illustrated by the
contrast between the St. Stephen
[35] and Stewarton [40] intrusions
(compare analyses 35 and 40, Table
3). The main episode of mafic
intrusion was followed, at least
locally, by a minor volume of dia-
base which intrudes the mafic
plutons ([17,35,36,40] and some of
the earliest of the felsic plutons.

It is evident from Figure 1 that
the distribution of mafic and
ultramafic intrusions in the Cen-
tral Plutonic Belt is controlled

by the faults which bound and
segment the Miramichi Massif.
Although fault control in the

Southern Belt is not self-evident
from Figure 1, geologic relations

* Individual Acadian plutons on Figure 1 are identified inm the text by numbers
in square brackets (See Legend, Figure 1)
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in Maine (Wones 1976, Wones and
Stewart 1976) suggests that such
a relationship exists there as
well.

The felsic rocks (Type B) asso-
ciated with mafic plutons consti-
tute an apparently diverse group
in terms of composition and spatial
relationships. These include fel-
sic plutons intruding mafic plutons
(16 into 17, tHhe Baring Granite,
Maine into 35] minor felsic phases
intruding mafic plutons [2,17,23,
35,36,40] and felsic plutons in-
truded by minor mafic phases [26,
27]. The occurrence of porphy-
ritic texture, granophyre, and
miarolitic cavities attest to the
high level emplacement of the Type
B plutons. The distinctive char-
acter and the chemical variability
of the Type B granitoids are illu-
strated in Figure 3.

An important feature of the
Type A-B association is the com-
mon occurrence of minor intermedi-
ate rocks. These intermediate
rocks have been shown in two cases
[35,36] to represent hybrid rocks
formed by the reaction of granite
magma with gabbro (Fyffe 1971,
Butt 1976). Although mobiliza-
tion of country rock and "back-
veining" have also been observed
(11, 27, 35], the origin of other
intermediate to felsic phases in
the ophitic-textured mafic plutons
is uncertain.

The extent and grade 6f the con-
tact metamorphism appear to be
primarily dependent on the char-
acter of the country rocks. Those
mafic plutons intruded into low
grade country rocks possess rela-
tively narrow (<1 km) aureoles
which reach pyroxene hornfels
assemblages with some minor deve-
lopment of melt phases [35,36].
In contrast, those contacts against
Cambro-Ordovician rocks in
central Miramichi Massif are of
sillimanite grade [17]. A similar,

the’

though somewhat lower grade, pat-
tern exists for the felsic plutons,
suggesting that the heat loss was
by conduction into country rocks
that were at different pre-intru-
sion temperatures. The southern-
most felsic body in the Bocabec
Complex [36], which has no identi-
fiable metamorphic aureole against
the Lower Devonian country rocks,
is an exception. Here the heat
energy 1is believed to have been
dissipated over a large volume of
country rock by convecting ground-
water.

The Quisipis [1], Nicholas Denys
[5] and Hampstead [39] intrusions
have been included in the Type B
group on textural and mineralogic
criteria (cf. analyses 5, 39;
Table 3).

Type C
Syntectonic tonalite and granodiorite
[15,18,25,28]

Two intrusions [25,28] ranging
in composition from tonalite to
granodiorite, possess a weak fab-
ric of aligned plagioclase and
hornblende and a general elongate
shape which parallels the regional
structural trend. Well-developed .
contact aureoles (cordierite, an-
dalusite, sillimanite) overprint
the composite Taconic fabric.

The southeastern portion of the
North Dungarvon River Granite [15]
and the northern border of the Lost
Lake Granite [18]} are foliated and
contain abundant mafic inclusions.
These portions should therefore be
included in Type C but further
mapping is required to subdivide
these plutons.

Mineralogically and chemically,
these plutons closely resemble
Type B granitoids. The Type C
plutons were intruded into a tec-
tonically active deeper level of
the Miramichi Massif and are more
strained than the nearby Type D
or F plutons. These constraints
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suggest an age intermediate be-
tween the B and D types, although
they may well be contemporaneous

with the B type granitoids that
were intruded into a tectonically
less active environment.
Type D
Muscovite-bearing intrusions
[15,18,24,30,31,33]

The intrusions with pervasive

primary muscovite in the Central
Plutonic Belt were emplaced into
rocks with regional metamorphic
fibrolite. Contact aureoles of
these plutons in the central Mira-
michi Massif [18, 24] contain ro-
bust sillimanite, in addition to
fibrolite (that is distinct from
the deformed regional metamorphic
fibrolite of the area) up to 1 km
from the contact. The aureoles
of other Type D intrusions [15]
contain only fibrolitic silliman-
ite, some of which may have re-
sulted from the intrusion but
which is difficult to distinguish
from that produced during the late
stage of regional metamorphism.
The northern contact of the Skiff
Lake Granite [30] contains fibro-
lite, cordierite and andalusite.
In the Southern Plutonic Belt, the
Tower Hill Granite [31] has imposed
an andalusite-staurolite-almandine
assemblage on greenschist facies
country rock.

The relative amounts of biotite
and primary muscovite vary, with
leucocratic phases having been
observed in [15], [18] and [31].
Garnetiferous pegmatite is abun-
dant in [18, 24, 30 and 31]; xXeno-
crysts of andalusite, in [18]; and
altered cordierite, in [15]1. A
mafic dike intrudes [18].

These plutons range from grano-
diorite to granite, even within
the same body (see analyses 24a,
b; Fig. 3). The less felsic com-
positions are chemically indis-
tinguishable from the average com-
positions of the closely associated
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megacrystic Type F granites (see
analyses l4a, b; Fig. 3) whereas

the more felsic phases are dis-
tinctly more aluminous than the
other granite types (Fig. 3b,
Table 3).

Type F

Megacrystic granitoid plutons

[14,29,37]

The megacrystic granitoids form
a texturally distinct group of
plutons characterized by 2-8 cm
phenocrysts to subphenocrysts of
potassium feldspar and/or plagio-
clase. Although minor phases con-
taining muscovite have been obser-
ved along the borders [29] or
within the pluton [14], these plu-
tons are essentially biotite #*
hornblende-bearing. '

The contact aureole of the' North
Pole intrusion [l14] against green-
schist facies country rock con-
tains alkali feldspar, cordierite
and andalusite with sporadic fib-
rolite along the south contact.
The western contact aureole of the

Hawkshaw Granite [29], developed
in Cambro-Ordovician strata and
containing minor fibrolite, 1is

similar in grade, but the eastern
contact ' aureole, developed in
Silurian greywacke, reaches only
albite-epidote Hornfels grade.
This suggests that the grade of
contact metamorphism was control-
led by the thermal conditions in
the country rock; i.e., the Mira-
michi Massif had uplifted relative
to the Fredericton Trough and was
hotter at the time of intrusion.
The very poorly exposed McDougall
Lake Granodiorite [37] contains
cordierite- and andalusite-bearing
rafts.

An interesting feature of these
megacrystic granitoids is that the
modal ratios of alkali feldspar to
plagioclase apparently have con-
siderable variation independent of
chemical composition (Martin 1966,
McKenzie and Clarke 1973) indi-
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cating that crystallization condi-
tions within these plutons varied.

Type H
Equigranular biotite granites
[20,21,22,32, 34, 38]

The high-level coarse-grained
biotite granite plutons contain
smaller volumes of quartz feld-
spar porphyry, miarolitic cavi-
ties, and minor granophyre. The

porphyritic phases are in grada-
tional contact with the coarse-
grained host and have been inter-
preted to represent residual magma
mobilized during a late stage
degassing event. The miarolitic
cavities are believed to be the
result of late Hy;0 saturation of
an initially undersaturated magma
(Cherry 1976). The mineralogical
and chemical character of all tex-
tural fac¢ies is of low pressure,
minimum temperature melt composi-
tion. Local secondary muscovite,
muscovite-bearing veins, and mus-
covite-greisen are attributed to

hydrothermal activity. A few of
these characteristics occur in
the Type B plutons (granophyre,

porphyry and miarolitic cavities)
indicative of their high level of
emplacement. However, these dif-
fer from the Type H biotite granites
in their relatively more mafic
mineralogic and chemical composi-
tions (Fig. 3) and their spatial
association with basic to inter-
mediate rocks.

Types E and G
The 'transitional' granite types
E: [19]; G: [4,6,10,12]

The Juniper Barrens Granite [19]
is a medium-grained equigranular
to subporphyritic biotite granite
with an eastern margin about 1 km
wide which 1is composed of an
xenolith-rich biotite-hornblende
granodiorite. The margin is veined
by biotite~-muscovite granite,
tourmaline-muscovite granite and
garnet-muscovite pegmatite. With

these attributes, the Type E Juni-

per Barrens Granite has charac-
teristics of Types D, F and H
granites.

The Type G granites [4,6,10,12]
are located in the northernmost
and least wuplifted part of the
Miramichi Massif and in the Elm-
tree Inlier. Contact metamorphism
has produced cordierite, andalu-
site and biotite in the Cambro-
Ordovician rocks and biotite horn-
fels in the Silurian and Devonian
rocks. A mafic dike intrudes the
Pabineau Falls pluton [6]. Col-
lectively the textural and minera-
logic characteristics of these
plutons are similar; medium- to
coarse-grained, equigranular bio-
tite granite with local megacrystic
phases in the Pabineau Falls Plu-
ton [6], 1local miarolitic cavi-
ties, and variations in feldspar
ratios and colour index which
ranges betweer those characteris-
tic of Types F and H granitoids.
This attribute is also evident in
the available chemical analyses
(Fig. 3). The Mount Elizabeth
Granite [10] is particularly in-
structive in this regard. The
composition varies from a biotite
granite (trans-granodiorite) in
the east (analysis 10c, Table 3),
gradationally (10b) to a one feld-
spar, hornblende granite (l0a) at
its western extremity. Quartz-
feldspar dikes (10d) along the
western margin of the pluton have
more mafic compositions than the
one feldspar granite that they
intrude.

RELATIVE AND RADIOMETRIC AGES

The Older Granitoids in the
Miramichi Massif were deformed
with the felsic volcanics of the
Ordovician Tetagouche Group dur-
ing the Taconian Orogeny &and are
interpreted to be related to the
same magmatic event. The larger
intrusions of older granite form



FIGURE 3a FIGURE 3b
TABLE |
il s i \ o
Data relevant to the ages of Acadian Plutons. Ayp: T'_':c_"z types K0 Zyp:s '?f[m?rX types K,0
a) Intrude polydeformed Cambro- Ordovician strata discordantly : o G —f— ® G —F—
[4%,6,8,9,11,13,17,19, 21, 22,26, 27, 28,31, 32, 35] @ F ==D== e F Bl
oD ===B== o D =——B-=-
b) Intrude Older Granitoid Bodies: @ -G " @ C s
(10,12, 14%,15,18,19, 20*,24] o B Transitional type o B Transitional type
c) Intrude Silurian or Lower Devonian strata : South Mountain Batholith o South Mountain Batholith K.0'
[1,2%,3,5,7,10,16%, 23, 29, 30',33, 34", 36", 37, 38, 39, 40] Vv granodiorite 2 ¥ granodiorite 2
d) Weak fabric but contain inclusions with Taconian fabric : B adamellite B adomellite
[es, 28]
‘Numbers identify plutons on Figure | Kp0 Kp0
Rb-Sr whole-rock isochron ages, see Figure |.
®100 32 A38b Na, O' Ca0' Al, 05 Fe, 0] + MgO +CaO'
£20b
@40
3805 g ®29
No,0 Ca0 Al05 Fe, 0] + MgO +Ca0
TABLE 2
50 70
Relationships between mafic and felsic intrusions
a3 0240
a) Mafic plutons intruded by felsic plutons:
Maic Felsic 95 3 GEOCHEMISTRY
(3] [4) 31 04
[8, 9,1 |J [‘0] Vv @29 OF
[17] [e) &6 o27b PLUTONIC ROCKS
[23) [24] OF
[35]* Baring Granite (Maine)
b) Composite intrusions with late felsic phases : o3% e NEW BRUNSW |C K
[2,36*,40] ®l40
39
c¢) Felsic intrusions with mafic inclusions : o5 9224 gr?:
[14%% 15%1] 70
d) Felsic intrusions or phases cut by mafic dikes :
[26, 27, 36]
i (documented, probable ) reaction between gabbro and
later felsic magma which produced hybrid rocks of AL
intermediate composition Na,0' 10 0 30 i Ca0' Al, 04 10 20 30 40 Fe, Og + MgO + Ca0'
TABLE 3
“’\?r:;er 4a 4b 5 6 10a™ | 10b™ | 10c¢™ | 10d” 14" 140" | 14b™ | 20a 20b" 21 24a" | 24b" 26 27a" | 27b° 28 29" | 290" | 29b* 30 31 32 33 34 35" 36" | 36a" 37 38a" | 38b" 39" 40 NS* NS*®
= @ L
Type [ G 8 G G G G G F F F H H H D D 8 B B c F F F D D H () H A B8 A F H H B A |[Srane, | Adame
Number = = 3, = = = = _ — i o = = = - 17 14 - 3 (4] 10
Averaged i € 2 b 4 I 3 2 2 16 13 8 3 2 16 a 5 2
Si()2 74 i3 68 S 5% 5.0 (| 3.7 73.0 70.0 67.1 74.8 74 76 795 72 71 72 72 i3 64 7l 71 73.5 69 74.5 74 T3 75.2 51.1 68.3 48.5 70.4 75.9 76.9 66 46.0 69.4 | 73.4
Tio2 1.0 0.1 0.3 0.7 0.17 0.15 0.2 0.25 0.6 0.7 0.2 0.1 0.1 0.2 0.1 0.6 0.3 0.5 0.4 0.9 0.4 0.4 0.2 0:5! 0.1 0.25 0.1 0.2 0.25 0.7 [ 0.5 0.2 0.2 0.6 2.8 0.6 0.2
AI203 13.4 13.4 15 14.6 ;2.5 12.9 13.6 13.4 14.2 15.2 2.9 1'2:7 12 14.5 13 15 14 16 16 18 15 15 12355 'S 14.3 12.5 14 12.7 18.2 13.7 16.9 14.2 2. 12.5 17 16.3 14.4 3.7
Fe20; 3.1 1.4 2.5 1.6 2.0 1.8 2.0 2:3 3.4 4.0 1.8 li:2 2.0 (187 |t 3.8 4.2 3.3 3.9 5.4 2:9 2.6 2.2 3.7 1.0 1.6 1.3 1.8 7:9 5.1 9.5 3.0 1.5 1.4 4.0 15.0 4.3 2.0
MgO 0.2 0.7 1.0 0.7 0.35| 0.45 0.8 0.5 1.3 1.6 0.5 0.2 0.2 0:35( 0.2 153 1.8 0.9 1.4 2.4 1.0 [t 0.5 1.3 0.3 0.2 0.05| 0.25 7.5 0.6 6.9 0.7 0.1 0.2 1.8 5.6 1.0 0.3
CaO 0.4 1.0 2.4 1.0 0.3 0.9 1.4 1.3 2.3 3.3 (81} 0.7 0.6 0.8 0.9 2.9 3.8 29 1.4 4.9 2.1 2.6 1.0 2.3 0.5 0.5 0.2 0.6 1.8 1.9 9.7 |5 0.5 0.6 3.4 10.4 1.9 0.7
Na,0 3.2 3.2 4.2 3.7 3.9 3.7 3.6 3.9 3.4 3.6 3T 3.5 3.2 3.5 3.6 3.2 3.2 3.4 319 3.6 3.3 3.6 3.0 33 3.7 3.1 4.3 3.7 2.3 4.1 2.9 3.7 3.5 3.3 3.9 2.8 3.3 3.4
KZO 4.5 4.3 3.0 3.9 5.6 5.1 4.6 5.1 4.4 3.6 4.9 4.2 49 4.6 4.0 4.3 19 3.0 3.6 2.6 4.0 2:9 4.9 4.0 3.8 4.7 4.5 4.3 0.3 3.2 1.0 4.3 4.9 5.2 3.5 0.1 3.9 4.7
E%L?E%nce (1) n (n (1) (2) (2) (2) (2) (2) (2) (2) (n (1) (1 (n (1) (1) (n n (1) n n (1) () (3) (3) (3) (3) (4) (5) (5) (6) (6) (6) (1) (7) (8) (8)
* Notes : 10~ Mount Elizabeth Pluton; a, west of 66°34' W; b, between 66°34' and 66°30'W; c, east of 66°30'W; d, dikes along margin of pluton 14 - average; a,b illustrate range of analysed compositions from North Pole Granite 20b- from a small stock (Sisters Brook) 6.5 km N.E. of the Burnthill Granite
240,b-illustrate range of analysed compositions from Nashwaak Granite 27 - illustrates range of analysed compositions from Benton Granite 29- average; a,b illustrate range of analysed compositions from Hawkshaw Granite 35 - Gabbro, St. Stephen Pluton 36 - Southernmost felsic body in
Bocabec Complex 36a - Ophitic gabbro, Bocabec Complex 38 - a, coarse-grained granite; b, porphyritic granite 39 - Other anclyses by NBDNR suggest that the Al,O5 value is close to 15% (D.V.Venugopal, pers. comm. 1979) NS - Analyses of the South Mountain Batholith, Nova Scotia;
terminology as published.
Reference (1) Martin (1966 ); data republished in Crocco (1975). (2) Department of Natural Resources, New Brunswick. (3) Butt (1976) (4) Dunham (1950) (5) Fyffe (1971) (6) Cherry (1976) (7) Bennett (1965) (8) McKenzie and Clarke (1975)




MARITIME SEDIMENTS AND ATLANTIC GEOLOGY 31

elongate bodies which concordantly
follow changes in the direction
of the regional fabric and stra-
tigraphy (Fig. 1). These pre-
Taconian plutons have yielded Rb-
Sr whole rock ages of 479414 and
43276 Ma and 4841733 Ma (Fyffe et
al. 1977, R.F. Cormier, pers. comm.
1979, Poole 1980). The youngest
age was obtained froman intrusion
which had wundergone high-grade
metamorphism which overprints the
Taconian fabric and may therefore

represent a 'modified' age.
The character and age of the
country rocks intruded by the

Acadian Plutons are summarized in
Table 1. In the Central Plutonic
Belt, these plutons were intruded
after the Acadian deformation of
the Matapedia Basin and the Fred-
ericton Trough, and after con-
siderable movement on the faults
which bound and segment the Mira-

michi Massif (Fig. 1). Plutons
which intrude the faults [16, 17,
18, 19, 21, 23, 24, 29] possess

local mylonite zones which result-
ed from continued movement along
these faults. Some of the fault-
straddling intrusions [17, 19, 29]
have lower grade contact aureoles
against the Siluro-Devonian rocks
of the Basin and the Trough than
against the older rocks of the
Miramichi Massif. This strongly
suggests that movement on these
faults had juxtaposed hotter Mas-
sif rocks against somewhat cooler
Basin and Trough rocks prior to
intrusion of the plutons. Some
Acadian plutons within the Massif
possess a fabric developed during
or shortly after emplacement [25,
28] (Type C); have appendages oOr
proximal dikes which are concor-

dant with the 1latest tectonic
fabric and/or possess a border
fabric [14, 15] (Types D, F) or
are variably elongated parallel
to the regional fabric [15, 18,
24, 291 (Types D, F). These fea-

tures indicate that these plutons

were intruded during the orogenic
stage of waning active strain
through to the subsequent condi-
tion of directed residual stress.
The presence of xenoliths contain-

ing the Taconian fabric in the
locally mylonitized Clearwater
Gabbro [17] and in the fabric-

bearing Hartfield Tonalite [28]
attest to their Acadian affinities.

Other plutons within the Massif
(4, 6, 10, 12, 20, 21, 22] (Types
G, H) have traditionally been

ascribed to be post~orogenic, i.e.,
intruded into terrain apparently
free of directed stresses.

Therefore, the earliest phase
of the Acadian intrusive event in
the Central Plutonic Belt was co-
eval with the latest stages of

Acadian tectonism; speféifically
after the adjacent Fredericton
Trough and Matapedia Basin were

deformed and cleaved, but before
cooling had equalized temperatures
across the faults bounding the
Miramichi Massif, and before tec-
tonic strain had completely ceased
within the Massif. Plutonism in
the Southern Plutonic Belt was
approximately synchronous .and of
similar pattern.

Within the mainly bimodal char-
acter of the Acadian plutons in
both Plutonic Belts there is con-
sistent evidence that the bulk of
the mafic magma (Type A) was in-
truded earlier than the more volu-
minous felsic magma, although the
time interval in some instances
may have been short. Since only

‘a few of the felsic intrusions are

cut by basic dikes, we believe
that there was a short period of
overlap between the intrusions
of the mafic and the earliest fel-
sic magmas (Type B). The specific
observations leading to these con-
clusions are summarized in Table 2.

A Rb=Sr whole rock isochron
from the Type B Redstone Mountain
Granite [16] yielded a 409£20 Ma
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age (Fyffe and Cormier 1979),
which is almost identical to an
isochron age of 403#20 Ma obtained
from the Type B felsic rocks of
the Bocabec Complex [36] (Pajari
et al. 1974; revised -age R. F.
Cormier, pers. comm. (1979). Both
plutons intrude mafic plutonic
rocks and cleaved early Devonian
(Gedinnian) strata. Relative to
the regional 405 — 410 Ma age for
the Silurian - Devonian boundary
(Fyffe and Cormier 1979), these
two felsic intrusions define an
early Devonian age for the slightly
older mafic plutons (Table 2),
which intrude cleaved Siluro-
Devonian strata. In two cases,
the felsic plutons that are in-
timately associated with the mafic
plutons have been shown to have
intruded hot gabbro (Fyffe 1971,
Butt 1976), suggesting a rela-
tively short interval between the
intrusion of these types.

Granodiorite from one of the
Type B Charlo Stocks has yielded

a whole rock age of 370#30 Ma
(Stewart 1979).
Evidence for the relative or

absolute ages of other individual
Acadian plutons is not abundant,
but the data do establish consis-

tent relationships between some
of the types of intrusions.

All of the muscovite-bearing Type
D granites in the Massif [15, 18,
24, 30] are associated with rela-
tively extensive high-grade aure-
oles. Since these aureoles are
characteristically more extensive
than those of other plutons with-
in the Massif, the muscovite-bear-
ing intrusions are interpreted to
have been emplaced at greater
depth into relatively hotter coun-
try rock. Butt (1976) has argued
that the muscovite-bearing Tower
Hill Granite [31l] in the Southern
Plutonic Belt must be an early
intrusion because it had crystal-
lized under higher pressure, hence

deeper, than the nearby biotite
granites [32, 34, 38] (Type H) now
exposed on the same erosion level.
The Nashwaak Granite [24] intrudes
the Becaguimec Lake Gabbro [23],
and associated felsic intrusions

suggesting that the muscovite-
bearing granites (Type D) are
younger than the Type A and B
intrusions.

The megacrystic Type F Hawkshaw
Granite [29] intrudes the musco-
vite-bearing Type D ©Skiff Lake
Granite [30] (Lutes 1979), whereas
the megacrystic North Pole Granite
[14] appears to be gradational
into the northern portion of the

muscovite-bearing North Dungarvon
Granite [15].

The fact that the Hawkshaw and
Skiff Lake Granites have a nearly
equal grade of contact metamor-
phism against the Massif precludes
a long interval between their in-
trusion. A 378 £7 Ma whole rock
isochron (R.F. Cormier, pers. comm.
1979) from the megacrystic North
Pole Granite and 389 # 20 Ma whole
rock isochron (McCutcheon et al.
in prep.) from the Skiff Lake
Granite corroborates the sugges-
tion that the megacrystic (Type F)
and closely related muscovite-
bearing Type D granites are youn-
ger than the mafic and felsic in-
trusions of Types A and B.

The biotite~bearing Type H 'post-
orogenic' granites generally form
equidimensional intrusions, fre-
guently with high-level character-
istics such as granophyre and/or
miarolites and moderate to low-
grade metamorphic aureoles. Dikes
believed to be coeval with the
Type H Burnthill Granite [20] cut
the muscovite-bearing Type D Lost
Lake Granite [18]. The Burnthill
Granite has yielded a whole rock
age of 352#9 Ma (C. Brooks, pers.
comm. 1980). Butt (1976) and
Cherry (1976) have presented argu-
ments suggesting a high-level em-
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placement for the Type H Granites
of the Southern Plutonic Belt, one
of which [34] has yielded a Car-
boniferous age of 337#15 Ma (R.F.
Cormier, pers. comm. 1978). They
are undoubtedly the youngest in-
trusions.

The legend of Figure 1 is an
attempt to establish a chrono-
logical intrusive sequence based
on a framework of Types A, B, D.
F and H described above. The

weakly foliated plutons [25,28]
of Type C are mineralogically
similar to the Type B intrusions
and are somewhat more strained
than the Type D muscovite-bearing
granites. Therefore, these have
been assigned an intermediate age.
Similarly, the remaining types,
E and G, are tentatively allo-
cated legend positions based on
their resemblance to granites in
the more firmly established se-

guence.

GENETIC SPECULATIONS AND
COMPARISONS

The Acadian plutons appear to
form a sequence of intrusions that
range from early Devonian to Car-
boniferous in age. We take the
previously described evidence of
spatial association, compositional
similarities and/or compositional
variation between or within plu-
tons in its simplest context to
suggest that there was no signi-
ficant break in the evolution of
the Acadian plutonic event. This
event began with the intrusion of
mantle-derived magma (Type A)
along regional faults. The closely
associated felsic plutons (Type B)
were probably generated by the
heat energy provided by the mafic
magma — a generative mechanism
which could account for the rather

more mafic compositions of the
Type B intrusions, in that the
sudden influx of heat energy 1is

likely to create rapid and rela-
tively local melting.

33

In time, and with the addition
of heat energy from radioactive
decay in the crust previously
thickened during the Taconian Oro-
geny, the temperature in the crus-
tal rocks so affected would in-
crease and become more uniform.
This type of condition would be
necessary for the generation of
large volumes of granitic melt
that would in time more closely
approach an end product of a mini-
mum melt. Within the evolution of
New Brunswick Acadian plutonism,
this kind of gross pattern is
evident (Fig. 3).

The genetic controls of the more
specific variations between and
within the various types of intru-
sions are undoubtedly complex, but
would include broad factors such
as depth of intrusion, volatile
concentration, degree of differ-
entiation and mixing (sensu lato)
Part of the variation in individual
Type B plutons is attributable to
reaction between mafic rocks and
felsic magma, but other mechanisms
may have been operative. The rela-
tively deep level muscovite-bear-
ing granitoids (Type D) were prob-
ably restricted in their upward
migration by volatile saturation,
a fact which 1is consistent with
their relatively early appearance
in the magmatic sequence. Melting
and/or differentiation under high
pressure, water saturated condi-
tions could account for the dif-
ference in the more felsic vari-
ants of this type compared to Types
G and H (Fig. 3).

The remaining Types F, G and H
were apparently more water under-
saturated (perhaps progressively
so) and form a series of types
within which compositional varia-
tion within plutons decreases from
F to H. Evidence cited previously
from the Type G Mount Elizabeth
Pluton [10] indicates that dif-~
ferentiation was probably effec-
tive there and, by implication
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perhaps in other cases. In con-
trast, the total compositional
variation in the 1large type H
Charlotte Pluton [38] 1is barely
detectable (Cherry 1976). How-
ever, it should be noted that the
average composition, irrespective
of considerations of variability,
appears to change progressively
through Types F, G and H toward
more felsic and potassic composi-
tions, suggesting -that chemical
evolution was controlled by melt-
ing conditions.

A comparison of these plutonic
rocks with those of Newfoundland
(Strong 1979) reveals a nearly
parallel classification of 1)
mafic —silicic plutons, 2) micro-
cline megacrystic biotite grani-
tes, 3) two-mica leucogranites and
4) metaluminous to peralkaline
granites. Equivalents in our New
Brunswick classification are 1)
Types A, B; 2) Type F; 3) Type D
and 4) Types G and H). In New-
foundland, however, the pluton
types are restricted to specific

tectonic zones, a correlation
which 1is not as evident in New
Brunswick.

Similarly, the South Mountain

Batholith of Nova Scotia is partly
equivalent texturally and composi-
tionally to rocks in New Brunswick.
The Nova Scotia "Granodiorite" is
identical to the Type F granitoids,
but the later two-mica "Adamellite"
is outside the compositional field
for New Brunswick Type D granites
(Fig. 3). Clarke (pers. comm.
1979) has suggested on consider-
able evidence that the Nova Scotia
"Adamellite" is a fractionate from
the more voluminous granodiorite
magma. This could account for its
compositional similarity to the
Type G and H New Brunswick grani-
tes, perhaps requiring only a
greater depth of crystallization
to effect the appearance of mus-
covite.

This brief comparison serves to
illustrate the difficulty of docu-
menting plutonic activity on an
orogen-wide basis and the level
of knowledge necessary to succeed
— a level not yet attained.

CONCLUSIONS

The lack of compositional polar-
ity, a largely bimodal character
and a common evolutionary trend
irrespective of geography, rule
out a direct relationship between
New Brunswick Acadian plutonism
and a subduction related mechanism.
Specifically, the existence of a
second post-Taconian, pre-Carboni-
ferous subduction 2zone south of
the province (Poole 1976, Ruiten-
berg et al. 1977) is not supported
by the plutonic rocks as the evo-
lution of magmatism was identical
and coeval in both the Central
and Southern Plutonic Belts. Since
the Acadian plutonic event followed
the Taconian continental collision
by some tens of millions of years,
a time dependent process such as
radioactive heating of a thicken-
ed crust must have been a critical
factor.

The Acadian intrusive rocks of
New Brunswick appear to be related
to a single cycle which followed
the closing of the Iapetus Ocean.
Since the character of this plu-
tonism is not readily comparable
to any orthodox continental margin
model, we may be witnessing the
emergence of a presently unique
Appalachian type model.
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