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ABSTRACT

The Park Spur pluton was emplaced in the Aspy terrane of the central Cape Breton Highlands at 374.2 ± 2.9 Ma 
(U–Pb zircon). It consists mainly of muscovite-biotite monzogranite with small areas of garnet-bearing muscovite 
monzogranite and abundant pegmatite and aplite dykes. On its northern margin the pluton intruded metamorphic 
rocks of the Ordovician–Silurian Cape North Group and associated orthogneiss and on the south it intruded low-
grade metamorphic rocks of the Silurian Calumruadh Brook Formation. Deformation along the southern margin 
of the Park Spur pluton is consistent with emplacement during dextral transpression between the Bras d’Or and 
Aspy terranes. The Late Devonian age combined with S-type petrological characteristics show that the Park Spur 
pluton and nearby Canal pluton are related to the ca. 375 Ma Black Brook Granitic Suite, all interpreted to have 
been emplaced during later stages of the Acadian orogeny in Ganderia as a result of delamination.

RÉSUMÉ

La mise en place du pluton Park Spur à l’intérieur du terrane Aspy dans le centre des Hautes-Terres-du-
Cap-Breton remonte à 374,2 ± 2.9 Ma (datation U–Pb sur zircon). Le pluton est essentiellement constitué de 
monzogranite à deux micas comportant de petites sections de monzogranite à muscovite grenatifère et une 
abondance de dykes pegmatitiques et aplitiques. Sur sa bordure septentrionale, le pluton a pénétré des roches 
métamorphiques du groupe ordovicien-silurien de Cape North et de l’orthogneiss associé, alors qu’il a pénétré 
au sud des roches faiblement métamorphisées de la Formation silurienne de Calumruadh Brook. La déformation 
le long de la bordure méridionale du pluton Park Spur correspond à une mise en place durant la transpression 
dextre survenue entre les terranes Bras d’Or et Aspy. L’âge du Dévonien tardif conjugué aux caractéristiques 
pétrologiques supracrustales révèle que le pluton Park Spur et le pluton Canal voisin sont apparentés à la suite 
granitique d’environ 375 Ma du ruisseau Black, tous interprétés comme des éléments s’étant mis en place au cours 
des stades tardifs de l’orogenèse acadienne dans Ganderia à la suite d’une délamination. 

[Traduit par la redaction]
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to Devonian magmatism (e.g., Kontak and Smith 1997; 
Baldwin 2019). Furthermore, abundant pegmatite associ-
ated with the PSP suggests a potential for critical element 
resources (e.g., Magyarosi 2020).

In recent years new logging roads provided better access 
to the area and facilitated more detailed mapping and sam-
pling of the PSP and adjacent units. In this paper we report 
results from that work, focusing on field relations, petrogra-
phy, geochemistry, and U–Pb zircon dating of the PSP. The 
new data confirm a Devonian age for the pluton and its pe-
trological similarity to the Black Brook Granitic Suite of the 
northeastern Aspy terrane (Fig. 1). They also show that the 
pluton was emplaced in a zone of transpression and rapid 
exhumation related to juxtaposition of the Aspy and Bras 
d’Or terranes.

INTRODUCTION

The Park Spur pluton (PSP) is located near the eastern 
edge of the Aspy terrane in the central Cape Breton High-
lands, Nova Scotia (Fig. 1). Although the pluton was shown 
on previous geological maps and assigned an assumed De-
vonian age (e.g., Jamieson et al. 1987; Barr et al. 1992), its 
field relations and composition were poorly constrained be-
cause of sparse outcrop in the area, and petrological charac-
teristics and tectonic setting had not been investigated prior 
to this study. The pluton is of particular interest because it 
is situated in an area where the orientation of the Eastern 
Highlands shear zone between the Aspy and Bras d’Or ter-
ranes changes trend from northerly to northeasterly (Fig. 1), 
and where vein-hosted gold mineralization has been linked 
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GEOLOGICAL SETTING

Pre-Carboniferous rocks on Cape Breton Island have 
been divided from north to south into the Blair River in-
lier and Aspy, Bras d’Or, and Mira terranes (Fig. 1), based 
on contrasts in geological characteristics (Barr and Raeside 
1986, 1989). The Blair River inlier consists mainly of late 
Mesoproterozoic metamorphic and plutonic rocks and is 
interpreted to be part of Laurentia (e.g., Miller et al. 1996). 
It is separated from the adjacent Aspy terrane by mylonitic 
shear zones (e.g., Raeside and Barr 1992). The Aspy terrane 
contains mainly lower Paleozoic metamorphic and plutonic 
rocks, separated from the mainly late Neoproterozoic and 

Cambrian metamorphic and plutonic rocks of the Bras d’Or 
terrane by the Eastern Highlands shear zone (Fig. 1). Both 
the Aspy and Bras d’Or terranes are interpreted to be part 
of Ganderia, telescoped together during the Devonian Aca-
dian orogeny (e.g., Hibbard et al. 2006; Lin 1994, 1995; Lin 
et al. 2007; van Staal et al. 2021). The Mira terrane south 
of the Bras d’Or terrane consists mainly of late Neoprotero-
zoic volcanic, sedimentary, and plutonic rocks, overlain by 
Cambrian sedimentary rocks, and is interpreted to be part 
of Avalonia (Hibbard et al. 2006).

The central part of the Aspy terrane is characterized by a 
complex assemblage of both low- and high-grade metamor-
phic rocks of early Paleozoic age (e.g., Barr et al. 1992; Barr 
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Figure 1. Simplified geological map of northern Cape Breton Island showing major geological components of the Aspy 
and Bras d’Or terranes and the locations of Figure 2 (black rectangle), Park Spur pluton (PSP), Black Brook Granitic Suite 
(BBGS), and the Eastern Highlands shear zone (EHSZ) in the central Cape Breton Highlands. Map is modified after White et 
al. (2022). Inset map shows geological components in the eastern Maritime Provinces after Barr et al. (2012).
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and White 2017a, b). They are intruded by Ordovician 
through Devonian plutonic suites with compositions that 
include I-type, S-type, and A-type emplaced in volcanic arc, 
collisional, and extensional settings, respectively (e.g., Barr 
et al. 2018). Recent and on-going work in the Aspy terrane 
has provided new age constraints and clarified relationships 
among the metamorphic units (e.g., McCarron 2020; Grant 
et al. 2019; Grant 2020; Piette-Lauzière et al. 2018, 2019, in 
press; Sombini dos Santos et al. 2020; Sunatori 2022; White 
et al. 2018). These new interpretations provide a regional 
context for emplacement of the PSP and other plutonic units 
(Fig. 1).

FIELD RELATIONS

The PSP is reasonably well represented by outcrops on its 
northwestern, western, and southern margins, but outcrops 
are scarce in its central and northern parts (Fig. 2). Hence, 
the shape of the pluton in those areas has been inferred 
mainly from geophysical data (e.g., Ethier 2001). Metamor-
phic rocks in the area north of the PSP were interpreted 
by Barr et al. (1992) to represent undivided Ordovician– 
Silurian Money Point Group, based on the abundance of 
mafic rocks such as amphibolite. However, in more recent 
work by Grant (2020) they were reinterpreted as undivid-
ed Cape North Group, consistent with their composition 
and amphibolite-facies metamorphism. They are intrud-
ed by Silurian plutons, now orthogneiss, of the Cheticamp 
Lake Gneiss (Fig. 2). The intrusive contact of the PSP with 
amphibolite of the Cape North Group is well exposed in 
Cheticamp River and related tributaries, where the PSP con-
tains angular banded amphibolite xenoliths. The rest of the 
northern margin of the PSP is also inferred to be intrusive, 
although the area is largely obscured by glacial deposits. A 
small body of granite, referred to here as the Canal pluton 
because it outcrops along a canal constructed as part of the 
Wreck Cove Hydroelectric Project, intruded the Cheticamp 
Lake Gneiss based on mapping by Barr et al. (1992). Sam-
ples from the Canal pluton are included in the current study 
(Fig. 2) for comparison with the PSP.

The southern boundary of the PSP is against the Calum-
ruadh Brook Formation (CBF), a new unit described and 
named informally by Sunatori (2022). The rocks were pre-
viously included in the Jumping Brook Metamorphic Suite 
(Barr et al. 1992; Barr and White 2017a, b). The PSP 
intruded the CBF, based on the presence of granitic and 
pegmatitic dykes related to the pluton in the CBF and xe-
noliths of biotite schist from the CBF in the PSP. However, 
in the western part of the contact zone, both the CBF and 
adjacent granite of the PSP are mylonitic in the Park Spur 
Road shear zone (Fig. 2). Foliation is oriented east-west with 
near-vertical dip parallel to the southern margin of the plu-
ton. Although outcrop is limited in the contact area, some 
outcrops of the PSP have a down-dip stretching lineation 
defined by elongate quartz rods, suggesting near-vertical 
sense of movement between the pluton and country rocks of 

the CBF. No reliable kinematic indicators were seen, but the 
difference in grade between the high-grade host rocks at the 
northern margin of the PSP and low-grade rocks in the CBF 
along the southern margin (Sunatori 2022) are consistent 
with upward movement of the pluton relative to the CBF 
during pluton emplacement.

The Park Spur Road shear zone is terminated on the west 
by the north-trending Coinneach Brook shear zone (CBSZ). 
The CBSZ deformed the Silurian Taylors Barren pluton (age 
430 ± 2 Ma; Horne et al. 2003). It may have also deformed 
the western edge of the PSP, although that relationship is 
not constrained by field observations. Both the PSP and the 
CBSZ were intruded by the Margaree pluton (age ~363 Ma; 
Sombini dos Santos et al. 2020). A cooling age of 372 ± 4 Ma 
reported by Price et al. (1999) from hornblende in amphib-
olite in the area of the CBSZ is likely dating the time of the 
last movement on the shear zone, timing corroborated in 
recent work by Piette-Lauzière (2022) and Piette-Lauzière 
et al. (in press).

PETROGRAPHY

Most of the PSP and the smaller Canal pluton in the 
Cheticamp Lake Gneiss to the northeast (Fig. 2) consist of 
medium-grained muscovite-biotite monzogranite. Garnet- 
bearing muscovite monzogranite forms the northwestern tip 
of the PSP and a narrow strip along the southwestern mar-
gin where it is protomylonitic in the Park Spur Road shear 
zone (Fig. 2). The muscovite-biotite monzogranite is also 
protomylonitic in that area and displays porphyroclastic 
texture and C-S fabric. Variably deformed granitic peg-
matite and aplite dykes occur throughout the PSP, and in 
the CBF in outcrops southeast of the pluton.

Modal compositions of typical samples from the PSP 
and Canal pluton based on visual estimates using slabs 
stained for K-feldspar (Hutchinson 1974) plot mainly in 
the monzogranite field on the IUGS classification diagram 
(Fig. 3). The average modal composition of the muscovite- 
biotite monzogranite samples is about 30% quartz, 35% 
plagioclase, 25% microcline, 7% biotite, 2% muscovite, and 
1% opaque and accessory minerals (Smith 2022). Opaque 
minerals were determined to include both magnetite and 
ilmenite based on spot checking of opaque minerals during 
electron microprobe work (Smith 2022). Accessory miner-
als include zircon, apatite, and rare garnet. Secondary min-
erals are mainly chlorite, sericite, and minor epidote. Quartz 
grains are commonly sutured. Microcline displays well de-
fined cross-hatched twinning and contains inclusions of 
quartz, biotite, and plagioclase, which indicate that micro-
cline formed relatively late in the crystallization sequence. 
Muscovite interpreted to be of igneous origin occurs as sin-
gle flakes and clusters of flakes, in places intergrown with 
biotite. Biotite compositions determined by electron micro-
probe analysis (Smith 2022) plot on or near the boundary 
between the fields for biotite in subduction-related calc- 
alkaline and syn-collisional peraluminous plutons on the 
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ternary FeOT-MgO-Al2O3 diagram of Abdel-Rahman (1994). 
Myrmekitic texture is abundant (Fig. 4a), consistent with 
slow sub-solidus cooling of the rock (e.g., Abart et al. 2014). 
Protomylonitic muscovite-biotite monzogranite in samples 
from the Park Spur Road shear zone (Fig. 2) have modal 
compositions similar to the main muscovite-biotite monzo-
granite to the north, but contain more biotite relative to 
muscovite, and potassium feldspar grains are larger and 
form porphyroclasts evident both in hand sample and in 
thin section (Fig. 4b). These samples have well develop-
ed C-S fabric, mortar texture, and ribbon quartz, but 
myrmekitic texture has been preserved throughout the high-

strain zone.
Garnet-bearing muscovite monzogranite is finer grained 

than the muscovite-biotite monzogranite and has general-
ly higher muscovite and quartz and lower biotite and pla-
gioclase contents (Fig. 3). The average composition based on 
4 samples is 35% quartz, 29% microcline, 24% plagioclase, 
10% muscovite, 1% biotite, and 1% garnet. Muscovite occurs 
as large flakes and clusters of flakes (Fig. 4c). Plagioclase is 
prominently zoned, which together with the finer grain size, 
suggests more rapid cooling. Small grains of garnet are also 
present in most samples and compositions determined by 
electron microprobe analysis are intermediate between alman-
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dine and spessartine (Smith 2022). Samples from the Park 
Spur Road shear zone have protomylonitic texture and con-
tain ribbon quartz (Figs. 4b, d).

Pegmatite and associated aplite dykes occur throughout 
the PSP and Canal pluton. The pegmatite dykes consist 
mainly of quartz, microcline, plagioclase, and muscovite, 
minor biotite, and in some places garnet. The aplite dykes 
contain fine-grained equigranular quartz, microcline, pla-
gioclase, and minor muscovite and biotite.

Muscovite-biotite monzogranite dykes occur rarely in the 
CBF southeast of the PSP. Two samples have modal compo-
sitions similar to the garnet-bearing muscovite monzogran-
ite samples (Fig. 3) but contain both muscovite and biotite 
and no garnet was observed.

GEOCHRONOLOGY

Methods

Muscovite-biotite monzogranite sample SMB17-230 (Fig. 
2) was collected from the PSP for U–Pb zircon dating. The
sample was processed by electro-pulse disaggregation and
zircon concentrates prepared by conventional methods at
Overburden Drilling Management, Ottawa, Ontario. Zircon
grains for dating were then hand-selected from the zircon
concentrate at Cape Breton University, and selected grains
were mounted in an epoxy-covered thin section at the Uni-
versity of New Brunswick, Fredericton, polished to expose
the centres of the zircon grains, and imaged using cold
cathodoluminescence and back-scattered electron mode to
identify textures, internal zoning, and inclusions. These im-
ages were used to select ablation points (30 µm diameter),
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avoiding any visible inclusions, cracks, or other imperfec-
tions.

U and Pb isotopes were measured using the Resonetics 
S-155-LR 193 nm Excimer laser ablation system connected
to an Agilent 7700× quadrupole inductively coupled plasma
– mass spectrometer in the Department of Earth Sciences
at the University of New Brunswick. Analytical procedures
followed McFarlane and Luo (2012) and Archibald et al.
(2013). Data reduction was done using Iolite software (Pa-
ton et al. 2011) and further reduced for U–Pb geochronol-
ogy using VizualAge (Petrus and Kamber 2012). VizualAge
outputs included uncorrected U–Pb ratios that were used
to calculate 204Pb-based corrections (Andersen 2002) and
208Pb-based corrections. Data were filtered using 204Pb as a
monitor. For grains with <80 counts/s 204Pb, data are uncor-
rected; for grains where the percentage error on the 204Pb
counts per second was <20%, we used a 204Pb-based correc-
tion (Andersen 2002), and for grains where the percentage
of radiogenic Pb (PB* in file) is less than 98.5% we used a
208Pb-based correction (Petrus and Kamber 2012). After
these corrections were applied, data were sorted by concor-
dance (206Pb/238U versus 207Pb/235U), and by the percentage
of radiogenic Pb in the grains as calculated using VizualAge.
Analytical data for sample SMB17-230 and isotopic stan-
dards are presented in Supplementary Data Table S1.

Results

Data from most of the 35 analyzed zircon grains cluster 
around concordia at about 350–400 Ma (Fig. 5a). Only one 
older concordant analysis was obtained at about 600 Ma. 
The concordia plot in Figure 5a shows the distribution of all 
the data from this sample. To minimize potential effects of 
Pb loss on the age, only the 17 grains that are <2% concor-
dant are shown on a probability distribution histogram in 
Figure 5b which shows a peak at about 375 Ma. The same 17 
grains are shown on a concordia diagram in Figure 5c, from 
which 7 clustered grains with small error ellipses were used 
to calculate a concordia age of 374.2 ± 2.9 Ma using Iso-
plot version 4.15 (Ludwig 2012), with 95% confidence and  
decay-constant errors included in the calculation. Because 
the MSWD for the calculated concordia age is relatively 
high, the weighted mean 206Pb/238U age was also calculated 
using the 14 grains <2% discordant with ages between 400 
and 350 Ma (Fig. 5e). It overlaps the calculated concordia 
age within error, corroborating the interpretation that the 
concordia age is the best estimate of the crystallization age of 
the Park Spur pluton. Although it is possible that the older 
grains represent xenocrystic or inherited grains and that the 
spread of dates represents complexity in the sample, the 
analyzed grains display typical oscillatory igneous zoning 
(Supplementary Data Figure S1) and no differences in Th/U

Figure 4. Photomicrographs illustrating minerals and textures in samples from the Park Spur pluton, all with crossed po-
lars. (a) muscovite-biotite monzogranite (sample AS21- 06). (b) deformed muscovite-biotite monzogranite (sample 
AS21-01). (c) garnet-bearing muscovite monzogranite (sample AS21-15). (d) deformed garnet-bearing muscovite 
monzogranite (sample AS21-27). Abbreviations: bt, biotite; gr, garnet; mc, microcline; ms, muscovite; myr, myrmekite; pl, 
plagioclase; pt, perthitic texture in microcline; qz, quartz. Scale bar in (a) applies to all four photomicrographs.
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tion (Figs. 6a–g). Most samples plot in the high-potassium 
and shoshonitic fields in the K2O-SiO2 diagram (Fig. 6g). 
No consistent differences are apparent between deformed 
and undeformed samples of the muscovite-biotite monzo-
granite and muscovite monzogranite, or between granitic 
dykes and the samples from the plutons. Samples from the 
Canal pluton are similar to those from the PSP. Overall, the 
muscovite-biotite monzogranite samples from the PSP and 
Canal plutons are most similar to unit 3 (medium-grained 
muscovite-biotite monzogranite) of the BBGS which forms 
the southernmost part of the BBGS (Yaowanoiyothin and 
Barr 1991), whereas the samples from the muscovite mon-
zogranite have higher SiO2 and are more similar to unit 1 
samples from the BBGS (Fig. 6).

Selected trace element variation diagrams are also shown 
(Figs. 7a–h). Barium, Rb, and Sr substitute for major ele-
ments in feldspars, and overall Ba and Sr show negative cor-
relation with SiO2, whereas Rb shows positive correlation 
(Figs. 7a–c), but like the major element oxides, they show 
considerable scatter, especially Rb. Overall, the trends are 
consistent with variations in the modal abundance of feld-
spar and quartz in the samples. Zirconium shows negative 
correlation with SiO2 whereas Nb and Y show weak positive 
correlation. The garnet-bearing muscovite monzogranite 
has highest yttrium content (10–28 ppm). Thorium is gener-
ally less than 25 ppm, except in the aplite sample which has 
40 ppm (Fig. 7g). Zinc is less than 10 ppm in most samples, 
but a few have higher abundances, up to 55 ppm in one of 
the Canal pluton samples (Fig. 7h). The higher Zn and Y 
shown by the fields for the BBGS samples suggests that the 
analytical results may be biased toward higher values, 
although the 3 samples from Grant (2018) also display high 
Zn (Fig. 7h).

A plot of Zr/Hf ratio against SiO2 places most of the 
samples in the field for barren granite, but muscovite mon-
zogranite samples and 3 of the pegmatite samples suggest 
potential for Sn-W-Mo-Be mineralization associated with 
greisen-type alteration (Fig. 8a), although none was ob-
served. Based on high alkalis (Na2O+K2O) and high SiO2, 
the PSP has the most potential for Sn mineralization (Fig. 
8b). However, Sn analyses obtained from the samples in this 
study are less than 2 ppm (Smith 2022).

Muscovite-biotite monzogranite samples from the Park 
Spur and Canal plutons display similar chondrite-normal-
ized REE patterns, with La enrichment up to 300 times 
chondritic values (Fig. 9a). Heavy REE are gently sloping 
to flat at about 2 to 10 times chondritic values. The sam-
ples have small negative Eu anomalies, and some samples 
have small positive Ce anomalies. In contrast, the musco-
vite monzogranite samples (with one exception) and two  
muscovite-biotite monzogranite dyke samples are less en-
riched in light REE (La 20 to 50 times chondritic values), 
have larger negative Eu anomalies, and display slightly 
higher heavy REE (Fig. 9b). The REE pattern for the aplite 
sample is similar to the most light-REE enriched muscovite- 
biotite monzogranite samples, whereas the pegmatite data 
are varied but more similar to the muscovite monzogranite 

raios to suggest that the older or younger grains are different 
from the 7 grains used in the concordia calculation (Supple-
mentary Data Table S1). Hence the spread in dates and 
apparent complexity is more likely an analytical artifact 
rather than a geologically significant feature of the sample.

This new concordia age is interpreted to be more reli-
able than the previous concordia age of 379.1 ± 3.5 Ma re-
ported for the PSP by Barr et al. (2018), which used only 
three grains in the concordia age calculation. The new age 
is within error of the U–Pb zircon TIMS age of 375 +5/-4 
Ma reported by Dunning et al. (1990) for the Black Brook 
Granitic Suite (BBGS) and supports earlier assumptions 
that the PSP and Canal plutons are related to the BBGS.

WHOLE-ROCK GEOCHEMISTRY

Whole-rock chemical data were obtained for 27 samples 
from the PSP and Canal pluton and associated dykes at Bureau 
Veritas, Vancouver, BC, using X-ray fluorescence and ICP-
MS methods for major elements and trace elements, respec-
tively (Supplementary Data Table S2). In addition, data for 3 
samples from the PSP are used from the study by Grant (2018).

The samples have SiO2 contents between 70% and 75% 
except for one of the pegmatite dyke samples with 67.9% 
(Fig. 6). The muscovite-biotite monzogranite samples from 
the main body of the PSP (n = 14) and Canal pluton (n = 
3) range in silica content from about 70% to 74%, whereas
the six muscovite monzogranite samples have higher SiO2,
ranging from 74% to 75% (Fig. 6). The two muscovite-
biotite monzogranite dyke samples have SiO2 contents of
73.4 and 74.8%, similar to the muscovite monzogranite 
samples from the pluton. Four pegmatite and one aplite
sample were analyzed for comparison with the other
samples and to look for anomalous concentrations of criti-
cal elements. Although relatively large (~2 kg) samples 
were collected, the pegmatite samples show both higher
and lower SiO2 contents than the other samples, likely a 
“nugget effect” because of their coarse grain size relative to
sample size. The aplite sample, on the other hand, is in the
centre of the compositional range, with 72.4% SiO2. Also
shown on Figure 6 and subsequent figures for comparison
are fields based on previously published analyses from the
three units of the Black Brook Granite Suite (BBGS) from
the work of Yaowanoiyothin (1988) and Yaowanoiyothin
and Barr (1991), as well as three samples from Grant (2018)
representing unit 1 (fine- to medium-grained muscovite-
biotite monzogranite) and unit 2 (medium- to coarse-
grained muscovite-biotite granodiorite to monzogranite) of
the BBGS.

Plots of major element oxides (TiO2, Al2O3, Fe2O3 (total), 
MgO, CaO, Na2O, and K2O) against SiO2 are shown to il-
lustrate chemical variations in the samples (Fig. 6). Both 
MnO and P2O5 are close to detection limits (<0.1%) in all 
samples and hence are not illustrated. The other oxides 
show scattered but overall negative correlations with SiO2, 
except for Na2O and K2O which show no systematic varia-
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enclose samples from Black Brook Granite Suite unit 1 (fine- to medium-grained muscovite-biotite monzogranite; n = 18), 
unit 2 (medium- to coarse-grained muscovite-biotite granodiorite to monzogranite; n = 32), and unit 3 (medium-
grained muscovite-biotite monzogranite; n = 30) from Yaowanoiyothin (1988) and Yaowanoyothin and Barr (1991). 
Individual BBGS samples shown on the diagrams are from Grant (2018). Fields in (g) are from Peccerillo and Taylor 
(1976). Chemical data are listed in Supplementary Data Table S2.
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ination diagram, most samples plot mainly in the field of 
slab-failure (break-off) plutons as defined by Hildebrand 
and Whalen (2014) (Fig. 10d).

DISCUSSION

Comparison to the Black Brook Granitic Suite

Yaowanoiyothin (1988) and Yaowanoiyothin and Barr 
(1991) divided the Black Brook Granite Suite into 3 units 
based on texture and modal mineralogy. All three units 
contain muscovite and biotite but unit 1 contains more 
muscovite and has the highest average SiO2 content (74.6%;  
n = 18), whereas unit 2 is mainly granodiorite (average 
SiO2 of 70.9%; n = 32) and unit 3 spans the composition of the 
other units with an average SiO2 of 72.2% (n = 31). Based 
on descriptions by Yaowanoiyothin (1988) and chemical  

(Fig. 9c). Two pegmatite samples are enriched in heavy REE, 
likely due to the presence in those two samples of a miner-
al such as garnet that contains high heavy REE. However, 
elevated abundances of critical mineral elements were not 
detected in this study, although lithium was not included in 
the analyses due to its higher cost.

All samples from the Park Spur and Canal plutons are 
peraluminous, and most have A/CNK between about 1.05 
and 1.35 (Fig. 10a). The samples plot in the overlapping I- 
and S-type granite fields on diagrams devised by Whalen 
et al. (1987) using Ga/Al ratio to distinguish I- and S-type 
granites from A-type, such as the Zr versus Ga/Al diagram 
(Fig. 10b). The presence of primary muscovite combined 
with A/CNK>1.1 (Fig. 10a) are diagnostic for classifica-
tion as S-type granite rather than I-type (e.g., Chappell and 
White 1974). The relatively low Y, Nb, and Rb in these rocks 
place them in the volcanic-arc granite field on the Rb versus 
Y + Nb diagram (Fig. 10c). On the Nb versus Y discrim-

La

La La

La
Ce

Ce Ce

Ce
Pr

Pr Pr

Pr
Nd

Nd Nd

NdSm

Sm Sm

Sm
Eu

Eu Eu

Eu
Gd

Gd Gd

Gd
Tb

Tb Tb

Tb
Dy

Dy Dy

Dy
Ho

Ho Ho

Ho
Er

Er Er

Er
Tm

Tm Tm

Tm
Yb

Yb Yb

Yb
Lu

Lu Lu

Lu
2

2 2

2

10

10 10

10

100

100 100

100

400

400 400

400

S
a
m

p
le

/C
1
 C

h
o
n
d
ri
te

S
a
m

p
le

/C
1
 C

h
o
n
d
ri
te

S
a
m

p
le

/C
1
 C

h
o
n
d
ri
te

S
a
m

p
le

/C
1
 C

h
o
n
d
ri
te

(c) (d)

(b)(a)

BBGS (Grant 2018)
mbmg (unit 1; n=1))
mbmg (unit 2; n=2))
BBGS (Y&B 1991)
mbmg (n=5)

PSP-mmg (n=4)
PSP-deformed mmg (n=2)
mmg dyke (n=2)

pegmatite (n=4)
aplite (n=1)

PSP-mbmg (n=11)
PSP-deformed mbmg (n=3)
CP-mbmg (n=3)

Figure 9. Chondrite-normalized REE data for (a) muscovite-biotite monzogranite, (b) muscovite monzogranite, (c) Black 
Brook Granitic Suite, and (d) pegmatite and aplite dykes related to the SPP. Chondrite-normalizing values are from Sun 
and McDonough (1989). Symbols are as in Figure 6, except grey circles in (c) are REE data for selected samples from Black 
Brook Granitic Suite from Yaowanoiyothin and Barr (1991). Abbreviations: mbmg, muscovite-biotite monzogranite; mmg, 
muscovite monzogranite; PSP, Park Spur pluton; CP, Canal pluton. 

ATLANTIC GEOSCIENCE · VOLUME 59 · 2023



Copyright © Atlantic Geoscience, 2023Smith et al. – Petrology, age, and tectonic setting of the Park Spur pluton, 
Aspy terrane, central Cape Breton Highlands, Nova Scotia, Canada

159

characteristics, the Park Spur pluton is most similar to unit 
3, which forms the southeastern tip of the BBGS and hence 
is readily extended into the Canal and Park Spur plutons. 
Compositional fields for BBGS samples shown on Figures 6 
to 10 illustrate the similarity in chemical characteristics be-
tween the PSP, Canal pluton, and BBGS. Additional similar-
ities include the presence of abundant pegmatite and aplite 
in the plutons and adjacent host rocks, as well as the U–Pb 
zircon ages, which overlap within error.

Yaowanoiyothin and Barr (1991) concluded that com-
positional variation in the BBGS resulted from fractional 
crystallization of biotite, plagioclase, microcline, zircon, 
and apatite from a peraluminous magma derived from a 
metasedimentary source, interpretations also applicable to 
the PSP and Canal pluton.

Devonian tectonic setting in the Aspy terrane

The recognition of the Aspy terrane as distinct from Bras 
d’Or terrane to the south and east was based in part on 
differences in petrological characteristics of their plutonic 
components juxtaposed at the Eastern Highlands shear zone 
(Barr and Raeside 1986, 1989). Decades of subsequent work 
has confirmed this distinction, now supported by U–Pb zir-
con ages which demonstrate that the plutonic rocks of the 
Aspy terrane in the central and eastern Cape Breton High-
lands are mainly Silurian and Devonian in contrast to late 
Ediacaran–Cambrian magmatism in the Bras d’Or terrane 
(e.g., Barr et al. 2018; this study). It is now also recognized 
that rocks formed at different crustal levels have been jux-
taposed along major shear zones within the Aspy terrane, 
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and not just at its boundary with the Bras d’Or terrane. The 
BBGS and PSP were emplaced at mesozonal depth, based 
on the presence of magmatic muscovite and myrmekitic 
texture, into high-grade metamorphic rocks with both ig-
neous and sedimentary protoliths of Ordovician, Silurian, 
and early Devonian age metamorphosed and deformed in 
older subduction zones (e.g., McCarron 2020; Grant 2020). 
In contrast, large areas of the Aspy terrane contain lower 
metamorphic grade sedimentary and volcanic rocks formed 
in Silurian to early Devonian subduction settings (e.g., Barr 
and Jamieson 1991; Barr et al. 2018; White et al. 2018). The 
original relationship among these contrasting low- and 
high-grade areas is not yet clear, but activation and reactiva-
tion of major shear zones within the Aspy terrane has clear-
ly played a major role (e.g., Piette-Lauzière 2022; Sunatori 
2022; this study).

On its northern margin the PSP intruded high-grade  
Ordovician–Silurian metamorphic rocks of the Cape North 
Group at mesozonal depth (>10 km). Based on its age and 
deformation fabrics, on its southern margin the pluton was 
emplaced synchronously with movement on the east-west-
trending Park Spur Road shear zone and juxtaposed in a 
southerly direction over the low-grade metasedimentary 
and metavolcanic rocks of the Ordovician–Silurian Calum-
ruadh Brook Formation. Ongoing dextral transpression be-
tween Aspy and Bras d’Or terranes on the Eastern Highlands 
shear zone reactivated the north-south-trending Coinneach 
Brook shear zone, on which the higher-grade Middle Riv-
er metamorphic suite and Silurian Taylors Barren pluton 
farther west within the Aspy terrane were transported up-
ward relative to the adjacent CBF and PSP (Sunatori 2022; 
Piette-Lauzière 2022). By about 365 Ma, convergence had 
mainly ended, as evidenced by shallow emplacement of the 
ca. 363 Ma Margaree pluton into these shear zones in an 
extensional setting (Sombini dos Santos et al. 2020).

Hence earlier interpretations (e.g., Price et al. 1999; Lin et 
al. 2007; Grant 2020) which viewed the Aspy terrane more 
simply as a Silurian volcanic arc built on Bras d’Or terrane 
crust but separated from the Bras d’Or terrane by a back-
arc basin that closed in the Devonian, are too simplistic. The 
Aspy terrane likely contains crustal fragments represent-
ing earlier parts of the complex history of Ganderia seen 
in central Newfoundland and New Brunswick, but both 
compressed and extended, as well as laterally transported 
along major shear zones (Waldron et al. 2015; van Staal et 
al. 2021), reactivated by the oblique collision of the Meguma 
terrane outboard of Avalonia (e.g., Piette-Lauzière 2022).

Widespread Silurian and Devonian plutons are character-
istic of Ganderia in the northern Appalachian orogen and 
are generally attributed to the late Silurian–early Devonian 
(421–400 Ma) Acadian orogeny, brought about by collision 
of Avalonia with Ganderia (e.g., van Staal et al. 2009, 2021). 
The large volume of plutons both along strike and across 
strike in Ganderia has been attributed to continuing flat-
slab subduction and delamination of the Avalonian plate 
under Ganderia after collision, culminating in slab failure at 
about 400 Ma (e.g., van Staal et al. 2009, 2021; van Staal and 

Barr 2012). However, voluminous plutonism also continues 
into the Middle and Late Devonian in Ganderia and has 
been referred to as late Acadian (e.g., Gibson et al. 2021) or 
Neoacadian (van Staal et al. 2009). The Park Spur and Canal 
plutons, as well as the Black Brook Granite Suite, are exam-
ples of these late Acadian/Neoacadian plutons. They have 
chemical characteristics of S-type granite plutons formed in 
a collisional to post-collisional tectonic settings and associ-
ated with slab failure (Figs. 10a–d). The tectonic model for 
Neoacadian shear zone reactivation in the northern Appala-
chian orogen proposed by Piette-Lauzière (2022) and Piette- 
Lauzière et al. (in press) provides a possible mechanism 
for magma formation under Ganderia at ca. 375 Ma through 
crustal-scale shear zones that brought asthenospheric man-
tle against the lower crust. Although slab failure is indicated 
for these plutons (Fig. 10d), it may be that the discrimina-
tion diagram does not distinguish between delamination 
and slab failure. Slab failure at 375 Ma is less feasible because 
subduction continued into the Carboniferous to bring the 
Gondwanan continents into composite Laurentia during 
the Alleghenian orogeny, although localized slab failure may 
have occurred.

The Bras d’Or terrane was not intruded by the Devoni-
an plutons that dominate the Aspy terrane (such as PSP 
and BBGS) nor was it affected by the pervasive Devonian  
deformation and metamorphism evident in the Aspy ter-
rane, as confirmed by U–Pb zircon dating (van Rooyen and 
Barr 2020, 2022) which yielded Neoproterozoic ages from 
granitic plutons in the adjacent Bras d’Or terrane suggested 
previously to be Devonian (Kontak and Smith 1997).

CONCLUSIONS

Mapping and petrological studies have resulted in im-
proved understanding of the Park Spur pluton and adjacent 
units. The PSP and smaller Canal pluton to the northeast 
have been shown to consist mainly of muscovite-biotite 
monzogranite like that in the Black Brook Granitic Suite. 
Garnet-bearing muscovite monzogranite is a minor com-
ponent at the northwestern tip of the pluton and along the 
southwestern edge. Granitic pegmatite and aplite dykes oc-
cur throughout the PSP and Canal pluton. The presence of 
xenoliths of amphibolite in the northwestern part of the PSP 
confirm its intrusive contact with amphibolitic host rocks of 
the Ordovician–Silurian Cape North Group on the north. 
Along its southern margin the PSP is deformed in the Park 
Spur Road shear zone which merges to the east with the 
Eastern Highlands shear zone. However, that contact is in-
ferred to have been originally intrusive based on the pres-
ence of granitic dykes and pegmatite in the Calumruadh 
Brook Formation, but based on age, synchronous with shear 
zone deformation.

All components of the PSP are peraluminous and have 
the overall textural, mineralogical, and chemical character-
istics of “S-type” granite. The abundance of myrmekitic tex-
ture and igneous muscovite are consistent with mesozonal  
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emplacement (6–15 km depth). As in the related Black 
Brook Granitic Suite, chemical variations in the PSP may be 
related to crystal fractionation of K-feldspar, and to a lesser 
extent the combined fractionation of plagioclase and biotite. 
Based on tectonic setting discrimination diagrams using 
chemical characteristics, the PSP and other S-type plutons 
of similar age may have formed as a result of crustal-scale 
shear zones that brought asthenospheric mantle to relatively 
shallow depth under part of the Aspy terrane.
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Figure S1. Photomicrographs of representative zircon crystals 
from the Park Spur pluton taken in back-scattered electron mode 
showing zoning patterns typical of igneous zircon. Note the 
different scale bars on the individual images.



APPENDIX 

Supplementary data tables S1 and S2 and Supplementary data figure S1 are also in 
open access here: https://dataverse.lib.unb.ca/dataverse/atlantic-geoscience 
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