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Epizonal |- and A-type granites and
, Fogo Island,

Hamish A. Sandeman and John Malpas

Abstract: Magmatic activity of Silurian—Devonian age-is widespread in the Appalachian—Caledonian
Orogen. A marked characteristic of this magmatism is the composite nature of the igneous suites; which
range from peridotite to granodiorite in single plutonic bodies. The origin of these suites is still
enigmatic, and the assumption that all are the same not proven. Such a suite of intrusive rocks, ranging
in composition from minor peridotite 0 granodiorite, intrudes an openly folded sequence of Silurian
volcanogenic sandstones and ash-flow taffs on Fogo Island, northeast Newfoundiand. Fwo units, the
Rogers Cove and Hare Bay microgranites, consist of fine-grained hastingsite granites with spherulitic
and flow-banded textures, and exhibit drusy cavities and microfractures that contain the mineral
assemblage hastingsitic hornblende + plagioclase + magnetite -+ zircon, These rocks are characterized
by elevated high field strength element contents (e.g., Zr = 74—672.and Y. = 21—103:ppm), very
high FeO*/MgO ratios (FeO¥/MgO = 2.4—93.5), and 10000 Ga/Al ratios of 1.67—10.52, indicating
an A-type granitoid affinity. A third and the most voluminous gfanitic unit, the Shoal Bay granite, is an
alkati-feldspar-phyric, medium-grained, equigranular biotite ~hastingsite granite with hastingsite and
annitic biotite interstitial to euhedral plagioclase, anhedral quartz, and perthite crystals. The Shoal Bay
granite exhibits mineral parageneses similar to the microgranites, but chemical characteristics more
typical of calc-alkaline, H-type granitoids. Volcanic —sedimentary sequences spatially associated with the
granitic rocks include dense, welded, high-silica, hastingsite-bearing ash-flow tuffs with compositions
that suggest they represent erupted equivalents of fractionated end members of the Shoal Bay granite.
The rocks making up the Fogo Island batholith have been directly equated with the bimodal, calc-alkaline
Mount Pevton batholith of northeast Newfoundland, but the specialized A-type nature of the Fogo
gramites suggests differing source conditions for the two suites. :

~Résumé : L'activité magmatique &*age Siluro-Dévonien est amplement répandue dans orogéne
a:géﬂaa?ﬁeﬁ»cf &donien. Une caractéristigne de ce magmatisme est la nature composite des saites
’ égéées, variant de péridotite & granodiorite dans les corps plutonigues individuels.. La source de-ces
suites demenre énigmatique, et la thise gu'elle serait ia méme partout n'est pas démontrde. Unede ces
suites de toches intrusives, dont la composition varie d'une petite masse péridotitigue 2 une
granodiorite, péndire dans une séquence -de plis ouverts formée de grés volcanogéniques et-de coulées
pyrociastiques de cendres, d’dge Silurien, sur Ilie Fogo, dans lesnord-est de Terre-Neuve. Deux unités,
les microgranites de Rogers Cove et de Hare Bay, constituées’de granites d hastingsite, 3 grain fin,-avec
des textures ¢ écoulement rubanée et sphérulitique, et exhibant des cavités drusiques et microfractures
recouvertes par 1’assemblage minéralogique de hornblende hastingsitique + plagioclase + magnétite +
sircon. Ces roches sont caractérisées par des teneurs €levées en éléments 3 forte intensité de champ
(ex., Zr = T4—672 et Y = 21-103 ppm); des rapports trés élevés de FeO*/MgO (FeO*/MgO =
2,4—93,5), et des rapports 10000 Ga/Al de 1,67—10,52, indiquant une affinité granitoide de type-A.
Une troisitme et la plus volumineuse unité granitique, le granite de Shoal Bay 3 hastingsite et biotite
équigranulaire, 3 grain moyen, et & feldspath porphyrique alcalin, incluant de P’hastingsite et-de Ia
biotite anmitigue en position interstitielle dans fe plagioclase automorphe, et des cristaux xénomorphes de
quartz et de perthite. Le granite de Shoal présente une paragentse similaire & celle des microgranites,
imais les caractéristigues chimiques se rapprochent phis des: granitoides calco-alcalins de type-I.-Les
séquences volcano-sédimentaires associées spatialement aux roches granitigues incluent des counlées
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pyroclastiques de cendres avec de I'hastingsite, elles sont denses, soudées et trés siliceuses, leurs

compositions suggérent qu’elles représentent les équivalents éruptifs des pdles de fractionnement d
Les roches appartenant au batholite de I'ile Fogo sont interprétées comme &
directement équivalentes aux roches calco-alcalines bimodales du batholite de Mount Peyton, de

granite de Shoal Bay.
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nord-est de Terre-Neuve, mais la nature spécialisée de ce type-A des granites de Fogo suggére des

conditions magmatiques différentes pour les deux suites.

[Traduit par la rédaction]

introduction

Silurg-Devonian magmatism in the Appalachian —Caledonian
orogen is characterized by composite mafic —felsic plutonic
suites (e.g., Bevier and Whalen 1990; E}m‘mmg et al. 1550},
In central Newfoundland, such composite bodies include the
Mount Peyton, Hodges Hill, and Fogo Island batholiths,
which make up a significant portion of exposed bedrock.

The Fogo Island granitic batholith underlies most of Fogo
Island, northeast Newfoundland (Fig. 1), but a significant
part of the southern and eastern portions of she island
are made up of dioritic and gabbroic rocks. The mafic—
ultramafic Tilting igneous complex contains the most mafic
rocks to occur together with granitic rocks in all of New-
foundland, and has been described by Williams (1957), Baird
(1958), Cawthorn (1978), and Aydin et al. (1994).

Little is published on the composition of the granitic rocks
of Fogo Island. Hughes (1972) described granophyric and
micrographic textured granitic rocks of the Fogo Peninsula
and commented on their calc-alkaline affinities. Strong and
Dickson (1978) briefly discussed the Fogo Island granites
when contrasting plutonic complexes throughout east-central
Newfoundland. They compared the Fogo Island batholith fo
the Mount Peyton batholith, a similar bimodal plutonic
assemblage exposed within the Dunnage Zone of central
Newfoundland. Using the Mount Peyton batholith as a litho-
demic type, Williams et al. (1989) classified the rocks of the
Fogo Island batholith as post-tectonic, ““Mt. Peyion Types.”
They noted the restriction of similar bimodal intrusive suites
to the northern part of the Exploits subzone of central New-
foundland and suggested a genetic control resulting from a
common, lower crustal source. The enigmatic nature of these
bimodal suites was further emphasized by Kerr et al. (1992).

A K—Ar determination of 380 + 16 Ma presented by
Wanless et al. (1964) and further discussed by Williams
(1964) represented the first absolute geochronologic infor-
mation for rocks of the Fogo Island batholith and corrobo-
rated the broadly Siluro-Devonian age suggested by Baird
(1958). Little other geochronologic information is available,
except a Rb—Sr isochron age of 412 Ma pressmeé by Fryer
et al. (1992} for a suite of granitic rocks from the Fogo Island
batholith, ntd;&asﬁg a Lg%:g Silurian age. This appears to be
an increasingly common geochronologic result for granitic
rocks of the Newfoundland Dunnage Zone (Kerr et al. 1892;
Fryer et al. 1992},

The present article summarizes current ideas and conclu-
sions from an ongoing study. Field, petrographic, and geo-
chemical data cbtained from rocks exposed on the western
portions of Fogo Island indicate (i) a petrogenetic link
through fractional crystallization for the various silicic igne-
ous mi\; s exposed west of approximately 54°12'W E{‘:ﬁg tude
{Fig. 1); (#f) a transition from granites of dominantly I type

to microgranites of A ty pe; and (i) that a temp
between the mafic and silicic magmas appears likely,
no geochemical link is yet established.

Lithclegies

Host rocks of the Fogo Island batholith comp
sedimentary —volcanic packages dominating the

t‘uf?s and vsicansgemb seﬁimems and {E‘s Vo
sandstones and intercalated shaley sedimentary
southwest Fogo Island have been correlated with th
End Formation of the nearby Change Islands (East!

Velcanic units
Volcanic rocks include thin horizons (s?i} m)
welded ash-flow tuff in massive volcanogenic
comprising the Fogo Harbour Formation. Direcﬁ“
them, in a conformable relationship, is a res
{<100 m) of welded ash-flow tuffs named the
Head Formation (Baird 1958). Both formations typ
approximately 25—40° northwards, away fron
rocks of the Fogo Island batholith. Volcaniclast
the Brimstone Head Formation consist of three dis
of ash-flow wff: 2 moderately welded, devitrifie
lower —middle facies, a strongly welded upper—
containing abundant lith a;s%sy%aa and an unw
facies dominated by pyroclastic breccia. These
are considered to form a single thick cooling unii. |
stone Head Formation typically consists of rare
phenocrysts (<0.2 mm) of quartz and alkali
cryptecgma&ime devitrified groundmass of strong
composition. Fiamme are rare and are replaced
lensoid patches of intergrown quartz, aikah fe‘;
rare amphibole. Thin layers of ash-flow tuff, i
with volcanogenic sedimentary rocks of the F

} ;
d

and together record the earliest volcanic act

Island.

Plutonic units

We divide the granitic rocks of the Fogo Islan
three distinct units on the basis of their geirek},
ing a variety of textures indicative of epizonal
i E}e preponderant unit, the Shoal Bay granit
consists of variably textured, generally mediull
biotite —hornblende granodiorite — s%fflmgr&r%‘i&f
nates the north and north-central portions of the |
granite contains evhedral, g}ﬁsmaﬁa plagioclase, €
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logical map of western Fogo Island.
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shyric intergrowths, and anhedral, perthitic
on with anhedral quartz having undulatory
nd blue-green amphibole are rare, and
cases, whereas amphibole increases towards
nd western confacts with the volcanic—
ges. Other minerals present include apa-
magnetite.
nd west, the Shoal Bay granite grades into
rogranite (new term). This unit appears to
of the Shoal Bay granite-and, at the con-
o Harbour Formation, is characterized by

an orange —pink colour, is commonly traversed by thin vein-
lets (<5 mm in thickness) of amphibole, magnetite, and
plagioclase, and contains abundant mafic clots of comparable
mineralogy. In thin section, drusy cavities and spherulites
are common in a fine-grained groundmass consisting of
anhedral blue —green amphibole, quartz, plagioclase, magne-
tite, zircon, and titanite. The microgranite passes transition-
ally southward into alkali-feldspar-phyric, amphibole granite
and finally into Shoal Bay granite. :

The Shoal Bay granite is intruded by the Rogers Cove

microgranite (new term), as a series of sills on the southwest
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Table 1. Major and trace element geochemistry for the Fogo Island granites and associated ash-flow tuffs of the Fogo Group.

Can. J. Earth Sci. Vol. 32

Hare Bay

Shoal Bay granite microgranite Rogers Cove microgranite Ash-flow tuffs

F244 FP46¢ F-199 F48  F-531 F438 F-176 F-888  F91 F-9 F-1
S0, (wt. 9 76.20  76.80 7720 73.40 7700 7650 7650 7670 7630 76.80
Tio, 0.16 0.24 012 0.40 0.16 0.24 0.12 0.16 0.16 0.20
AL, 12.40 2.20 11.20 13.20 11.20 1110 11,10 11.10 11.40 11.80 i
FeOx 1.33 1.94 1.71 2.99 1.53 2.89 2.67 2.53 2.40 1.79 0.
MnO 0.03 0.03 0.02 0.05 0.02 0.04 0.04 0.04 0.4 0.03
MgO 0.23 0.28 0.04 0.90 8.07 0.05 0.04 0.06 0.05 0.17
Ca0 0.92 0.88 0.24 2.06 0.44 0.98 0.56 0.86 0.72 1.12
Na,O 3.88 3.61 3.72 3.84 3.75 418 3.71 2.45 3.37 3.56
K, 4386 4.18 4.10 3.29 427 2.81 3.85 5.03 429 3.24
Py0s 0. 0.02 0.01 0.02 0.2 0.2 — — — — —
LOI 0.89 0.58 6.72 0.45 0.44 0.39 0.87 1.52 6.59 0.
Total 10032 10076 99.08 100.60 9889 9920 9946 100.49 10037 9930 100
V (ppm) — — — 25.00 — — — — — — —
Cu - — - - - - - -~ - 34.00 -
Pb 4400  27.00 1800  22.00 27.00 2800  19.00  23.00 20.00  35.00 29.
Zn 13.00 20,00 17.00  25.00 — 21.00 10.00 — 10.00  82.00  362.00
Rb 143.00 166.00 130.00 125.00 101.00 63.00 115.00 151.00 112.00 114.00 177.00
Ba 426.00  441.00 503.00 475.00 602.00 411.00 575.00 653.00 587.00 573.00 1131.00
Sr 67.00 56.00 57.00 118.00 60.00 10500  64.00  71.00 102.00 146.00  110.00
Ga 23.00 2200 2100 22.00 — 37.00  21.00 2000 2000 22.00 17.00
Nb 1400 17.00 1800 1400 1900 1800 20.00 18.00 2100  23.00 2
Zr 136.00  184.00 195.00 186.00 278.00 413.00 336.00 31500 332.00 35000 289.0
Y 85.00  84.00 98.00 7100 6100 6800 92.00 200 89.00  99.00 90.¢
}‘h 3200 2800 1900 17.00 34.00 1400 23.00 2800 2600 20.00 24.
U 2.00 4.00 5.00 — 4.00 3.00 4.00 — 2.00 7.00
i& 36.80 6140 35950 5000 3160 2530 57.60 54.80  50.80 — —
Ce §2.50 126.60 126.10 9650 88770  68.50 129.10 127.60 117.90 — —
Pr 11607+ 13,16 13.80 1230 1040 910 13.80 1340 12.00 — —
Nd 4530  BO.30 6870 5320 3950 3930 6590  65.80  58.6 — —
Sm 1000 - 1270 168 10.80 9.30 990 1620  13.00  13.60 — —
Eu 1.10 0.50 0.60 0.7 1.10 3.00 1,70 1.50 1.50 — —
g{d 910 1130 1560  11.60 880 1170 13.80 1390 12.60 — —
It 1.80 2.00 7.10 1.80 1.40 2.00 2.36 1.90 2.00 —
Dy 1.0 1340 1550 11.50 9.80 1240 1450 1410 14.10 — —
§0 2.40 2.30 2.50 2.00 2.20 2.50 2.80 2.70 3.00 — —
Er 7.20 7.60 8.50 6.80 6.40 7.40 9.00 8.30 8.50 — —
Yb 6.90 6.20 6.30 5.60 5.30 5.20 7.60 6.20 6.90 — —
Lu 1.10 1.40 1.40 1.30 0.60 0.90 1.32 1.50 1.60 — —
Total REE  237.00 319.00 337.00 264.00 215.00 197.00 337.00 325.00 303.00 — —
Eu/Bu* 0.35 0.12 0.11 0.19 0.38 0.85 0.34 0.34 0.36 — —
Cen/Yby 3.41 5.19 5.09 4.38 426 3.35 4.32 5.23 4.35 — —

J, . 3 3 N o N
Notes: REE not determined for ash-flow tuffs. —, not detected.

coast of the island. This is an orange—pink, fine-grained
hornblende microgranite typified by flow-banding and spher-
ulitic textures. The spherulites consist of acicular inter-
growths of quartz, alkali feldspar, and rarely amphibole, are
commonly nucleated on phenocrysts of quartz or alkali feld-
spar, and are enclosed in a microgranitic groundmass of
stmtiar composition. Amphibole typically occurs as anhedral,
medium-grained masses closely associated with abundant
hematite —ilmenite intergrowths and rare titanite and zircon,
b‘fﬁi also in veinlets (< 1 mm) with associated magnetite and
plagioclase. These mineral clots and veinlets appear to be

late-stage crystallization products that fill drusy
crosscut all other features, and are considered pr
deuteric crystallization. The Rogers Cove micro
therefore interpreted as a fluid-rich, high-level
magmatic pulse.

The granitic rocks of the Fogo Island batholi
intrude a series of mafic rocks, in which they also £
bosses and plugs. These mafic rocks consist of
monzodiorites and gabbros belonging o the Seld
suite {new term). They commonly display co
layering and contain abundant hornfelsed sediment

5



edral -plagioclase chadacrysts in ortho- and
¢ oikocrysts. Clinopyroxene is the most abun-
ase. but is invariably rimmed by secondary
jolved examples of the Seldom Cove suite
ie as the dominant mafic phase and up to
. Micrographic textures indicative of rapidly
rocks become progressively more common 1o
_suggesting a north- and westward-shallowing
nirustve complex. Although these rocks may be
atic—ultramafic rocks of eastern Fogo Island
¢ awthorn 1978; Saunders 1990; Avdin et al.
- petrochemical link has not yet been estab-

‘e and sills of intermediate to mafic compo-
5 in the vicinity of Stag Harbour (Fig. 1).
{ntimately associated with the sheeted microgra-
the Rogers Cove microgranite, and the two rock

rred between two coexisting but contrasting
oh similar features have been described by
1994y from an area on the east coast of Fogo,
i been documented on a regional scale.

scertain petrogenetic relationships between the
s and their country rocks, samples from the
canite, the Hare Bay microgranite, the Rogers
ranite, and ash-flow tuffs from the Brimstone
tion were analysed at Memorial University of
w for major, trace, and rare earth elements.
es have been supplemented by some data pre-
¢ ‘and Dickson (1978) where appropriate.
s were determined on a Perkin Elmer 238

tion spectrophotometer after dissolution of the

standard reference materials. Rare earth
o analysed by XRF spectrometry using the
of Fryer (1977). Representative whole-rock
nalyses are presented in Table 1. Total iron in
as been recalculated as ferrous oxide and is
c0f

. compositions were determined at Memorial
inoa Jeol JX-5A electron probe microanalyser
b three computer-controlied wavelength disper-
ometers, Kakanui augite was used as a primary
rd for all analyses, and analytical data were
st appropriate standard reference minerals.

25d trace elements -
€8 range in SI0, content from 68 10 78.5 wi. %
nd vary in composition from tonalite to monzo-
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granite. The volcaniclastic rocks are rhyolitic grading to
alkali rhyolitic. Ash-flow tuffs are highly silicic and because
of their recrystallized nature and scattered geochemical
trends (see below) are inferred to have undergone deuteric
alteration during cocling. We present Harker variation dia-
grams for both the granitic and volcanic rocks of western
Fogo Island (Fig. 2). Most elements have somewhat scat-
tered curvilinear trends and there is extreme enrichment of
Fe(*, Zr, and Nb in the most silicic end members. There is
some scatter of the data but the general trends, mineralogic
and compositional similarities of the various rock units, and
the geochemical coherency of each rock type suggest that all
could be petrogenetically linked through crystal —liguid frac-
tionation mechanisms. The extreme enrichment of FeG* and
the high field strength elements (HFSE) Nb, Zr, and Y and
the rare earth elements in the most silicic rocks, as empha-
sized in Fig. 3, may in part be attributed to deuteric processes
involving separation of an alkali-rich fluid from the crystal-
rich melt at the terminal stage of crystallization. The “‘early”
magmatic trends exhibited by the Shoal Bay granites are not
significantly changed by the introduction of the fluid, but we
acknowledge that redistribution of many elements may have
occurred, resulting in seattering of the geochemical data and
poorly defined fractionation trends. Strong FeO*-enrichment
trends observed in the granitic rocks are supported by the
amphibole and biotite compositions. Amphiboles are gener-
ally hastingsitic hornblendes but span the range from ferro-
hornblende through ferro-edenitic hornblende to hastingsite
{s.st.} (Leake 1978). Amphiboles are chlorine-rich, particu-
larly those in the microgranitic rocks, which contain up to
1.75 wt. % Cl, suggesting that they have crystallized from a
Cl-rich fluid. Biotites are annitic (FeO*/ Fe0Q* + Mg( =
0.64 ~0.79) and enriched in FeO and impoverished in AIY
compared with biotites from typical calc-alkaline intrusive
rocks.

The data suggest that the volcaniclastic rocks in general
might be chemically equivalent to the most silicic examples
of Shoal Bay granite, or, conversely, the least felsic exam-
ples of the two microgranite suites, although this is not
conclusive. The volcaniclastic rocks are somewhat more
potassiurmn enriched than most of the granitic rocks.

Log—log plots of Sr—Ba—Rb (Fig. 4) demonstrate that
combined fractionation of plagioclase and alkali feldspar
with less significant separation of amphibole best account for
the trends exhibited by the Shoal Bay granites. The trends of
the microgranitic suites are difficult to interpret, and consis-
tent element —element variations are not observed, indicating
that mobilization and redistribution of these elements has

ccurred. Preferential removal of amphibole in the latter
stages of differentiation would essentially counteract the
element —element trends resulting from removal of the feld-
spars. This may explain in part the scattered trends shown by
the microgranitic suites.

Rare carth elements

In Fig. 5, we have plotied rare earth element (REE) data for
representative samples of the three varieties of granite. REE
patterns for two sampies of each rock unit define tight group-
ings, thereby discriminating the granite types. Alsc shown
are the patterns for one specimen of Mount Peyton granite
(CD-66; Strong and Dupuy 1982) and one sample of amphi-
bole granite from the Topsails intrusive suite (TB83; Whalen
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Fig. 2. Selected major and trace element Harker variation diagrams for the Fogo Island granites and
associated volcanic rocks. Triangles, Shoal Bay; stars, Rogers Cove; circles, Hare Bay; squares,

ash-flow tuffs.
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and Currie 1990). Note the depleted abundances of the REE
in the Mount Peyton granite and the slightly enriched REE
contents of the specimen of amphibole granite from the Top-
sails suite relative to the Fogo Island granites.

The Shoal Bay granites are characterized by intermediate
REE contents where light rare earth elements (LREE) values
are 100X chondrite, and heavy rare earth element (HREE)
contents are 30—~40 X chondrite. These rocks are typified by
Cen/Yby = 3.4—5.2 and have large Eu anomalies as indi-
cated by Eu/EBu* = 0.11--0.35, where Eu* represents the
value for Eu interpolated from Sm and Gd concentrations.

The REE data are more supportive of the conclusion that
the granitic units are related through fractional crystalliza-
tion. Specimens of Rogers Cove microgranite are enriched in
all REE (L REE = 303380 ppm) relative to Shoal Bay
granites (¥ REE = 237337 ppm}. They are characterized
by Cen/Yby = 4.3-5.2, values that are comparsble o
those for the Shoal Bay granites, and by Eu/Eu* = 0.25—
0.36. These observations are in agreemént with field evi-
dence that indicates that the Rogers Cove microgranite

represents a late pulse of silicic magma within which &
fractionation may have slowed and (or) amphibole frac
tion increased, giving rise to Eu/Eu* typically greate
those for the Shoal Bay granites. :

Samples of Hare Bay microgranite typically hav
combined REE contents (£ REE = 197-215 ppm
lower Cey/Yby = 3.4—4.3. Ew/Eu* values are highly
able for individual intrusive bodies, suggesting V@
degrees of feldspar fractionation in localized zone:
tallization and (or) a more significant effect of
fractionation.

Tectonic setting and pefrogenesis

In the geochemical classification of granitoids,
schemes are utilized: Barbarin (1990) classifie
rocks on the basis of their source region and
main groups corresponding to a crustal (C type)
(T type), or a mixed source (H type). Chappell anc
(1974} classification considers granitoid rocks «
nantly of crustal origin and defines I- and S-type &



Bav microgranite and less so in the volcanic

100

tracted from igneous and sedimentary proto-
ively. This classification has been extended by
1 type for the most calc-alkaline plagiogranites
ype for anorogenic granites thought to result from
elting of granulitic residue after extraction of an
e (e.g., Whalen et al. 1987).

alyses of granitic rocks of the Fogo Island
tted in the tectonic discrimination diagrams
1984). Analyses of Shoal Bay granites plot
arc granites (VAG) or within-plate granites
mples of the Hare Bay and the Rogers Cove
tes plot as WPG. When plotted in the tectonic dis-
n diagrams of Maniar and Piccoli (1989), the
f the Fogo Island batholith plot as postorogenic
(POG), and continental epeirogenic granites
essentially corroborating the conclusions drawn
slots of Pearce et al. {1984). The Fogo Island
are clearly not fully developed, rift-related granites,
inct from calc-alkaline I-type granitoids.
onclusions are further corroborated using the dis-
triteria of Whalen et al. (1987) (Fig. 7). Lt is evi-
he Fogo Island granites, and in particular the Hare
Rogers Cove microgranites, are enriched in Ga rela-
Al and have elemental abundances typical of A-type
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Fig. 4. Log—log plots of Rb vs. Sr, Ba vs. Sr, and Ba vs.
Rb for granitic rocks of the Fogo Island batholith. Arrows
represent 50% total-equilibrium fractional crystallization of
the respective minerals from a parental magma having a
composition corresponding to specimen 155 from Strong and
Dickson (1978). The initial elemental concentrations were as
follows: Rb = 66 ppm, Sr = 265 ppm, Ba = 258 ppm.
Symbols-as in Fig. 2.
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anorogenic granitoids. Fields for the alkaline rocks of the
Topsails igneous complex (Whalen 1989; Whalen and Currie
1990 ) and for the Mount Peyion granites (Strong and Dupuy
1982) are also indicated. Of the three units making up the
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Fig. 5. Chondrite-normalized (values from Sun 1982) rare earth element diagram for six
granitic specimens from western Fogo Island. These are compared to one sample of

Mount Peyton granite (Strong and Dupuy 1982) and one sample of amphibole granite of
the Topsails ignecus complex (Whalen and Currie 1990). HBM, Hare Bay microgranite;

SBG, Shoal Bay granite; RCM, Rogers Cove microgranite.
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Fogo Island batholith, the Shoal Bay granites have the lowest
Ga/Al ratios and are most similar to typical I- or S-type
granites. The ash-flow tffs of the Fogo Group are again
comparable to the most fractionated examples of the Shoal
Bay granites.

The Rogers Cove and Hare Bay microgranites have Ga/Al
ratios that correspond most closely to those of typical A-type
granites and plot within the field defined by the alkaline—
peralkaline rocks of the Topsails complex. In contrast, gra-
nitic rocks of the Mount Peyton batholith have Ga/Al ratios
and elemental abundances typical of I-type granitoids.

Discussion

The Fogo Island batholith has been quoted as an example of
the widespread Siluro-Devonian plutonism prevalent in the
Appalachian —Caledonian Orogen. However, the field, petro-
graphic, and geochemical data presented here demonstrate
the anorogenic, alkaline nature of the granites of Fogo
Island, and distinguish them from typical I-type, calc-
alkaline granites of the Mount Peyton batholith, with which
the Fogo Island granites have been previously directly com-
pared (Strong and Dickson 1978; Williams et al. 1989). This
distinction is supported by major, trace, and REE data that
demonstrate the geochemical evolution of the Fogo Island
granites as a function of dominantly plagioclase and then
alkali-feldspar (perthite) fractionation with a significant
contribution from amphibole, most critically at times during
crystailization when the residual melt reached the period of

major deuteric activity, The extreme fractionation o
Zr, Nb, and Y into the late-stage, evolved melts, pa
in localized regions of “‘trapped’” melt, indicate
elements did not reach effective saturation until i
prior to final quenching of the magma. Stabilizat:
and comparable HFSE in magmas has been disc
Watson (1879) with reference to highly peralkah
and it may be that similar conditions commonly arise
A-type granite suite. Whether A-type granites exist as 2
tinct class is not clear from this investigation, but it is
that some granites having A-type characteristics o
formed through progressive fractionation of less specit
I-type, calc-alkaline parents. In rocks of the Fogc
batholith, an increase in alkalinity during fraction
most strongly associated with development of fine-g
microgranitic rocks having textures indicative of deutet!
autometasomatic processes.

The geographic separation and inherent dif]
correlating lithostratigraphic and tectonic elemen
Fogo Island and mainland Newfoundland adds
to problems of interpreting the tectonic setting of
Isiand batholith. These rocks are located in the Bo
of the Dunnage Zone (Exploits subzone}, within
easternmost extremity of the North American Appe
a region described by Williams et al. (1989}, Fry
{1992}, and Kerr et al. (1992) as characterized by
suite of Siluro-Devonian magmatic rocks, probably
from ensialic {no direct input from subduction of
crust) melting during tectonic thickening of the
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CMB). Thisisco ée ed to have occurred well
closure of Eag;sfﬂa at ca. 470 Ma. The bimodal
fanite complexes can bg considered the result of
n of the lithosphere during crustal thickening,
material and thermal input from mantle-derived
chcomitant crustal melting. On the basis of geo-
d isotopic data, it has been argued that the strong
é; zonations of Devonian intrusive suites reflect the
siructure of the CMB, and that the igneous saites
ir contrasting geochemical signatures te characteris-
rusial blocks from which they were derived.
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Fig. 7. Discriminant plots after Whalen et-al. (1987) comparing -
the Fogo Island granites with fields for the Topsails alkaline
granites. (solid lines) and the Mount Peyton ‘ﬁi“aﬁ"i% (broken
lines). Also plotted are average compositions. for A-, §-, and

I-type granites (within squares) and average si}mgﬁsﬁm 1§ for
fractionated S- and I-type granites (within circles). Data for
the Mount F €y“€}ﬂ granites are from Strong and Dupuy (1982),
and ‘dats for the Topsails granites are from Whalen et al.
{1987, Whalen {1989), and Whalen and Currie {1950).
Symbols as in Fig. 2.
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