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Résumé de l'article
Les roches volcaniques metamorphisees du secteur du ruisseau Clyburn dans
le nord-est de l'ile du Cap-Breton sont composees de roches allant de mafiques
a felsiques. El les renferment des coulees et des tufs, et elles sont interstratifices
de roches metasedimentaires semi-pelitiques moins abondantes. A l'oppose, les
roches volcaniques metamorphisees de Tile voisine d'Ingonish sont
principalement des coulees et des tufs rhyolitiques sans roches
metasedimentaires interstratifices. Comme les chercheurs ne peuvent pas
confirmer la correlation entre ces deux secteurs sans datation radiometrique
plus poussee, ils recommandent qu'on continue a utiliser des noms separes
(formation de Clyburn Brook et rhyolite de l'ile Ingonish).
Les roches de la formation de Clyburn Brook renferment des associations
mineralogiques de facies de schistes verts et elles sont passablement
feuilletees. Meme si la rhyolite de l'ile Ingonish est elle aussi metamorphisee,
elle est essentiellement non feuilletee et le metamorphisme pourrait etre du a
un metamorphisme de contact. Une surimposition metamorphique de contact
est egalement presente dans la formation de Clyburn Brook adjacente a la
granodiorite d'il y a environ 402 Ma du ruisseau Cameron, et on releve la
presence de dykes felsiques sans doute relies a l'intrusion tant dans la
formation de Clyburn Brook que dans la rhyolite de l'ile Ingonish. Ces
observations laissent supposer que les deux unites sont anterieures a environ
402 Ma, ce qui correspondrait a la datation au Rb-Sr imprecise de 412 ±15 Ma
de la rhyolite de l'ile Ingonish precedemment publiee.
Les caracteristiques petrochimiques des roches mafiques de la formation de
Clyburn Brook temoignent d'une affinite tholeiitique avec un cadre associe a
un arc, possiblement un arriere-arc, d'ou elles proviendraient. Les roches
felsiques de la formation de Clyburn Brook et de l'ile Ingonish, meme si elles
affichent des differences chimiques, correspondent a un cadre d'extension,
possiblement a l'interieur d'un arc continental ou d'un arriere-arc, comme la
zone volcanique actuelle de Taupo en Nouvelle-Zelande. La formation de
Clyburn Brook presente dans son ensemble une similarite lithologique et
chimique avec le groupe de la pointe Money, une unite d'arc / arriere-arc
volcanique du Silurien (d'environ 430 Ma) dans le terrane d'Aspy sur Tile du
Cap-Breton, et on la suppose d'un age analogue.
[Traduit par la redaction]
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Metavolcanic rocks in the Clyburn Brook area of northeastern Cape Breton Island range in composition from 
mafic to felsic, include flows and tuffs, and are interlayered with less abundant semi-pelitic metasedimentary rocks. 
In contrast, metavolcanic rocks on nearby Ingonish Island are mainly rhyolitic flows and tuffs, and lack interlayered 
metasedimentary rocks. Because correlation between these two areas cannot be confirmed without more radiometric 
dating, continued use of separate names (Clyburn Brook formation and Ingonish Island rhyolite) is advocated.

Rocks in the Clyburn Brook formation contain greenschist facies mineral assemblages and are mainly well 
foliated. Although also metamorphosed, the Ingonish Island rhyolite is mainly unfoliated, and the metamorphism 
may be a result of contact metamorphism. A contact metamorphic overprint is also present in the Clyburn Brook 
formation adjacent to the ca. 402 Ma Cameron Brook Granodiorite, and felsic dykes perhaps related to the intrusion 
occur in both the Clyburn Brook formation and the Ingonish Island rhyolite. These observations suggest that both 
units are older than ca. 402 Ma, consistent with a previously published imprecise Rb-Sr date of 412 ± 15 Ma for the 
Ingonish Island rhyolite.

Petrochemical characteristics of mafic rocks in the Clyburn Brook formation indicate tholeiitic affinity and origin 
in an arc-related setting, possibly a back-arc. Although they show chemical differences, felsic rocks in both the 
Clyburn Brook formation and on Ingonish Island have compositions consistent with an extensional setting, possibly 
within a continental arc or back-arc such as the modern-day Taupo volcanic zone in New Zealand. Overall, the 
Clyburn Brook formation shows lithological and chemical similarity to the Money Point Group, a Silurian (ca. 430 
Ma) volcanic arc/back-arc unit in the Aspy terrane of Cape Breton Island, and is inferred to be of similar age.

Les roches volcaniques metamorphisees du secteur du ruisseau Clyburn dans le nord-est de l ’ile du Cap-Breton 
sont composees de roches allant de mafiques a felsiques. Elies renferment des coulees et des tufs, et elles sont 
interstratifiges de roches mgtasgdimentaires semi-pglitiques moins abondantes. A l’opposg, les roches volcaniques 
metamorphisees de Pile voisine d’Ingonish sont principalement des coulees et des tufs rhyolitiques sans roches 
mgtasgdimentaires interstratifiges. Comme les chercheurs ne peuvent pas confirmer la correlation entre ces deux 
secteurs sans datation radiometrique plus poussge, ils recommandent qu’on continue a utiliser des noms sgpargs 
(formation de Clyburn Brook et rhyolite de Pile Ingonish).

Les roches de la formation de Clyburn Brook renferment des associations mingralogiques de facigs de schistes 
verts et elles sont passablement feuilletees. Meme si la rhyolite de Pile Ingonish est elle aussi metamorphisde, elle est 
essentiellement non feuilletge et le metamorphisme pourrait etre dft dun mdtamorphisme de contact. Une surimposition 
mgtamorphique de contact est egalement prg sente dans la formation de Clyburn Brook adjacente k la granodiorite d’il 
y a environ 402 Ma du ruisseau Cameron, et on relgve la presence de dykes felsiques sans doute religs a P intrusion 
tant dans la formation de Clyburn Brook que dans la rhyolite de Pile Ingonish. Ces observations laissent supposer 
que les deux unites sont antgrieures a environ 402 Ma, ce qui correspondrait a la datation au Rb-Sr imprgcise de 412 
± 15 Ma de la rhyolite de Pile Ingonish prgcgdemment publige.

Les caractgristiques pgtrochimiques des roches mafiques de la formation de Clyburn Brook tgmoignent d’une 
affinite tholgiitique avec un cadre associg a un arc, possiblement un arriere-arc, d’ou elles proviendraient. Les roches 
felsiques de la formation de Clyburn Brook et de Pile Ingonish, mSme si elles affichent des differences chimiques, 
correspondent dun cadre d’extension, possiblement & Pintgrieur d’un arc continental ou d’un arrigre-arc, comme la 
zone volcanique actuelle de Taupo en Nouvelle-Zglande. La formation de Clyburn Brook prgsente dans son ensemble 
une similaritg lithologique et chimique avec le groupe de la pointe Money, une unitg d’arc / arriere-arc volcanique du 
Silurien (d’environ 430 Ma) dans le terrane d’Aspy sur Pile du Cap-Breton, et on la suppose d’un fige analogue.

[Traduit par la rgdaction]

I n t r o d u c t io n

Interlayered metavolcanic and metasedimentary rocks occur 
in the Clyburn Brook area of northeastern Cape Breton Is­
land, and are surrounded by contrasting, higher grade meta­
morphic rocks and dioritic to granitic plutons (Figs. 1, 2).

Because these metavolcanic and metasedimentary rocks can­
not be correlated with certainty with other units, Lin (1992, 
1993,1995) suggested that they informally be termed the Clyburn 
Brook formation. He also included metavolcanic rocks off­
shore on nearby Ingonish Island (Fig. 2) in the formation.
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Fig. 1. Simplified geological map of northern Cape Breton Island (after Barr and Raeside, 1989), showing the location of the Clybum 
Brook area. Abbreviations: MPG, Money Point Group; MF, McMillan Flowage Formation; BBGS, Black Brook Granitic Suite; JBms, 
Jumping Brook metamorphic suite; SBms, Sarach Brook metamorphic suite; EHSZ, Eastern Highlands shear zone.

The purpose of this paper is to present the results of a 
petrological study of metavolcanic rocks in the Clybum Brook 
formation, including both the Clybum Brook area and Ingonish 
Island. As will be shown, the Ingonish Island rocks differ 
petrologically from those in  the Clybum Brook area, and ac­
cordingly, it is suggested that the name Clybum Brook forma­
tion be restricted to rocks in the Clybum Brook area, and that 
the informal name Ingonish Island rhyolite be retained for the 
volcanic rocks on Ingonish Island, at least until the age of 
both units has been better established. The petrochemical 
data are used to assess the tectonic setting in which the rocks 
in both areas were formed, and to compare them to other, 
possibly correlative, metavolcanic rocks in the Cape Breton 
Highlands.

P revious work and geological setting

Metamorphic rocks in  the Clybum Brook area occupy an 
uncertain position in  tectonostratigraphic interpretations of 
the Cape Breton Highlands. The minimum age is constrained 
by the ca. 402 Ma (Dunning et al., 1990) Cameron Brook 
Granodiorite (Fig. 2), which intruded the metamorphic rocks 
(Wiebe, 1972; Raeside andBarr, 1992; Lin, 1992), but the maxi­
mum age is not constrained. Wiebe (1972) tentatively assigned 
the metamorphic rocks of the Clybum Brook area to the

Precambrian Fourchu Group, based on the abundance of vol­
canic rocks, whereas higher grade metamorphic rocks to the 
south were assigned to the George River Group, and higher 
grade rocks to the west were grouped as “undifferentiated 
metamorphic rocks” . Barr and Raeside (1989) and Raeside and 
Barr (1992) included the rocks in  the Clyburn Brook area in 
their Neoproterozoic McMillan Flowage Formation, although 
they recognized the contrast in metamorphic grade and lithol­
ogy with the immediately adjacent part of the McMillan Flowage 
Formation to the south, which consists mainly of pelitic rocks, 
marble, and quartzite. They also recognized that the two ar­
eas are separated by a fault. By placing the Clyburn Brook 
area in  the M cMillan Flowage Formation, Barr and Raeside 
(1989) assigned the area to their Bras d’Or terrane, located 
southeast of the Eastern Highlands shear zone which sepa­
rates Bras d’Or terrane units to the southeast from Aspy terrane 
units to the northwest (Figs. 1,2).

In contrast, Lin (1992,1993) made the Clybum Brook for­
mation a map unit, separated from the McMillan Flowage For­
mation by the Soapstone Brook fault (Fig. 2). He showed that 
the Eastern Highlands shear zone is a broad zone that affects 
the Clybum Brook formation as well as metamorphic and plu- 
tonic units to the north and west. Lin (1992,1993) and Chen et 
al. (1995) proposed that the Eastern Highlands shear zone is 
not a terrane boundary because some units of the “Aspy 
terrane” originally had an unconformable relationship with



A tlantic  G eology 2 9

'> 19 20
2 2 W .:1

Ingonish
Island ^  ■:/'

. Carboniferous sedimentary rocks

!< -1 Black Brook Granitic Suite
+- +• +
+1 +, Cameron Brook Granodiorite

j Ingonish Island rhyolite 

Clybum Brook formation 

l l l j l l l  Cheticamp Lake Gneiss

Diorite and/or amphibolite 

Ingonish River Tonalite/gneissic rocks

McMillan Flowage Formation

Fig. 2. Geological map showing the Clybum Brook formation, Ingonish Island rhyolite, and surrounding units (modified from Lin, 1992 
and Barr etal., 1992), with geochemical sample locations in the Clybum Brook area (1 through 18) and on Ingonish Island (19 through 
23). Sample descriptions are summarized in Appendix A. The Eastern Highlands shear zone (EHSZ) is a broad zone centred on the fault 
zone labelled shown on the map (Lin, 1992, 1995). SBF is the Soapstone Brook fault.

units of the “Bras d ’Or terrane”. Lynch and Tremblay (1992), 
Lynch etal. (1995), and Lynch (1996) also interpreted an un- 
conformable relationship between the two “terranes” , and 
correlated the Clybum Brook formation with volcanic-sedi­
mentary units of the Aspy terrane.

Volcanic rocks on Ingonish Island were included in the 
Fourchu Group by Wiebe (1972). However, based on their 
lack of similarity to metavolcanic rocks in the Clybum Brook 
area, Raeside and B arr (1992) assigned them to a separate 
unit, the Ingonish Island rhyolite, with an inferred Silurian 
age. The age assignment was based in part on the Rb-Sr isochron 
age of 412 ± 15 Ma reported for a suite of five samples from 
Ingonish Island by Keppie and Halliday (1986). The authors 
also showed that a rhyolite sample from the Clyburn Brook 
area plots near the isochron defined by the Ingonish Island 
samples, but concluded that the similarity may be fortuitous 
because the Clybum Brook sample is more metamorphosed 
and deformed, and unlikely to be as young as the Ingonish 
Island rhyolite. The same Clybum Brook rhyolite subsequently 
yielded a U-Pb (zircon) age which indicated that it is an intru­
sion (dyke or sill) into the Clyburn Brook formation, rather 
than a flow (J.D. Keppie, written communication to J.B. Murphy, 
1996). However, this age, presumably similar to or younger 
than the ca. 402 Ma age of the Cameron Brook Granodiorite,

has yet to be published. Observations by the present authors 
show that relatively unmetamorphosed felsic dykes are fairly 
common in the Clyburn Brook area, and in the metavolcanic 
rocks on Ingonish Island, as described below.

Lin (1993) noted evidence for deformation and metamor­
phism in the Ingonish Island rhyolite, and suggested that it 
may be part of the Clyburn Brook formation. Potassium feld­
spar from the Ingonish Island rhyolite has yielded prelimi­
nary 40Ar/39Ar ages of ca. 380 to 360 Ma (P. Reynolds, per­
sonal communication, 1997), which probably indicates the 
time of cooling through the closure temperature for potas­
sium feldspar.

In this paper, the rocks in the Clybum Brook area and on 
Ingonish Island are described separately.

F ield relations and lithology 

Clyburn Brook area

The Clyburn Brook formation in the Clybum Brook area 
is intruded on the east by the Cameron Brook Granodiorite, 
which has been dated at 402 ± 3 Ma (U-Pb zircon and titanite; 
Dunning et al. , 1990). Hence this date provides a minimum
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age for the formation. The southern margin of the formation is 
faulted against metamorphic rocks of the McMillan Flowage 
Formation, the ca. 560 M a (Dunning et al., 1990) Ingonish 
River Tonalite, and unnamed gneissic rocks (Fig. 2). The main 
fault in this area was termed the Clybum Brook fault by Raeside 
and Barr (1992) but renamed the Soapstone Brook fault by Lin 
(1992,1993).

The western m argin of the Clybum Brook formation is 
part of the broad Eastern Highlands shear zone (Lin, 1993), 
and also a later more restricted shear zone (D2 of Lin, 1993). In 
this area, the Clybum Brook formation is juxtaposed by faults 
against the higher grade Cheticamp Lake Gneiss of the Aspy 
terrane of Barr and Raeside (1989), or against varied dioritic 
and amphibolitic rocks of uncertain affinity (Lin, 1993; Barr 
and Raeside, 1994).

Metavolcanic rocks in the Clybum Brook area range from 
mafic to felsic and include both flows and tuffs. Relict igne­
ous features such as phenociysts, amygdules, and intergranular 
textures are commonly preserved, especially in felsic sam­
ples. However, mineral assemblages are indicative of greenschist 
facies metamorphism, and dominated by albitic plagioclase, 
chlorite, and epidote in mafic and intermediate samples, and 
albitic plagioclase, quartz, muscovite, and epidote in felsic 
samples. The minerals define a weak to moderate foliation in 
most samples. Interlayered metasedimentaiy rocks are mainly 
slate and phyllite with granoblastic quartz and abundant 
lepidoblastic muscovite and biotite. Garnet is present in a few 
samples. In  the vicinity of the Cameron Brook Granodiorite, 
contact metamorphism has produced abundant biotite and 
amphibole in mafic rocks and porphyroblasts of cordierite 
and andalusite(?) in metasedimentaiy rocks. As also noted 
by Lin (1992), the rocks were deformed after contact metamor­
phism because the porphyroblasts are deformed.

Evidence of deformation is heterogeneous, and concen­
trated in the metasedimentary layers which are strongly foli­
ated. The foliation trends mainly northeasterly, with steep 
dips (Lin, 1992). As described by Lin (1992), bedding, where 
recognizable, is tightly to isoclinally folded, and the foliation 
is axial planar to these folds. Lin (1992) attributed the defor­
mation to shearing under greenschist facies conditions.

Ingonish Island

Volcanic rocks com prise most o f Ingonish Island, 
unconformably overlain on the southwest (Fig. 2) by small 
areas of carbonate rocks of the Gays River Formation of the 
Carboniferous Windsor Group (van der Gaag et al., 1996). 
The volcanic rocks are mainly rhyodacitic flows and tuffs, 
intruded by cross-cutting dykes of pink porphyritic rhyolite.

The rhyodacitic flows and tuffs differ in appearance from 
metavolcanic rocks in the Clyburn Brook area. They are dark 
grey to black, and show well-preserved flow-banding. Cleav­
age is present only locally, and may be related to small shear 
zones. In thin section, the rocks show evidence for low-grade 
metamorphism such as would be caused by thermal over­
printing, perhaps due to the nearby Cameron Brook Granodiorite, 
or possibly the Black Brook Granitic Suite. Tuffaceous sam­
ples contain clasts of mainly fine-grained to cryptocrystal­

line felsic composition. Flow samples are mainly cryptociys- 
talline to felty masses of feldspar and quartz, with scattered 
mica flakes.

The rhyolitic dykes consist of plagioclase and anorthoclase 
phenocrysts in  a trachytic groundmass. Scattered biotite and 
muscovite flakes appear to be of igneous origin, based on 
texture. In contrast to the host volcanic rocks, they show 
little evidence of recrystallization or metamorphism.

Geochemistry

Twenty-three representative samples were analyzed for 
major and trace elements (Table 1), including eighteen from 
the Clybum Brook area and five from Ingonish Island (Ap­
pendix A). The analysed samples from the Clyburn Brook 
area range from mafic to felsic, but are mainly of basalt to 
basaltic andesite or rhyodacite to rhyolite composition (Fig. 
3a, b); only one sample has a S i0 2 content between 56% and 
68% (Fig. 3a). The relatively low Nb/Y ratios of the samples 
indicate that they are subalkalic (Fig. 3b).

On the Nb-Zr-Y discrimination diagram for mafic rocks, 
the mafic samples plot mainly in the overlapping fields for 
within-plate basalt, volcanic-arc basalt, and normal mid-ocean 
ridge basalt (N-MORB) (Fig. 4a). However, based on the Ti- 
Zr-Y diagram, the within-plate setting seems unlikely, and the 
samples lie mainly in the calc-alkalic basalt field, or in the 
overlapping island-arc tholeiite, MORB, and calc-alkalic ba­
salt fields (Fig. 4b). Tholeiitic, rather than calc-alkalic, affinity 
is suggested by a plot of T i0 2 vs. FeOT/MgO (Fig. 5). A multi­
element variation diagram for the mafic samples shows wider 
variation in the more mobile elements such as Sr, K, Rb, and 
Ba, and less variation in  the typically less mobile elements 
such as Nb, P, Zr, Ti, Y, and V (Fig. 6). The pattern for the latter 
elements is intermediate between that of the average volcanic- 
arc tholeiite, which shows more pronounced depletion in Nb, 
Zr, and Ti, and the average within-plate tholeiite, which has 
higher values of these elements. This intermediate character 
is consistent with an extensional environment within or asso­
ciated with an arc, such as a back-arc basin or marginal basin. 
The abundance of sedimentary rocks interbedded with the 
volcanic rocks is also consistent with that setting.

The felsic samples from the Clybum Brook area are mainly 
higher in S i0 2 (more rhyolitic) than those from Ingonish Is­
land (Fig. 3a). On a tectonic setting discrimination diagram 
for felsic rocks, the felsic samples from the Clybum Brook 
area plot mainly in the volcanic-arc field, whereas the Ingonish 
Island volcanic samples plot at the margin of the within-plate 
granite field (Fig. 7). On a multi-element variation diagram, 
normalized against the average A-type granite of Whalen et 
al. (1987), the felsic samples from the Clybum Brook area 
show wide variation (Fig. 8a). Compared to the average A- 
type granite, they tend to be enriched in  Sr and P, and de­
pleted in Zr and Y, characteristics of the average felsic I-type 
granite of Whalen etal. (1987), as shown for comparison on 
Figure 8a. In contrast, the rhyolite samples from Ingonish 
Island are enriched in Ba and do not show Sr enrichment, and 
hence are less similar to the average felsic I-type granite (Fig.



Table 1. Major and trace element data1 for samples from the Clybum Brook formation and Ingonish Island.

1 2 3 4 5 6 7 8 9
Sample SB3104 CW3616 CW3618 CW362i CW3625 CW3629 CW3640 CW3641 RR2582

10 11 12 13 14 15 16 17 18 19 20 21 22 23
RW90 SLCB32 SB3101 SL91-1 SLCB39 SB3103 CW3643 RR2577 RR2579 RR2630 RR2631 RR2632 RR2634 RR2638

wt. %
Si02 50.89 48.82 52.63 46.25 50.65 48.03 50.02
TlO; 2.23 1.19 1.05 1.35 1.24 1.77 1.53
ai2o 3 14.60 16.89 15.31 16.69 15.67 16.98 15.93
Fe20 3T 12.81 9.49 8.86 10.73 9.18 11.48 11.60
MnO 0.18 0.18 0.16 0.15 0.15 0.18 0.24
MgO 6.37 5.94 7.09 9.47 4.64 7.25 5.65
CaO 6.76 8.50 7.26 8.21 6.72 6.51 9.67
Na20 3.38 2.69 2.75 2.76 2.79 3.86 2.77
K20 0.58 0.17 1.06 0.72 1.56 0.05 0.68
P20 5 0.26 0.19 0.26 0.23 0.20 0.18 0.42
LOI 1.10 5.10 2.80 2.80 7.60 2.90 0.50
Total 99.16 99.16 99.23 99.36 100.40 99.19 99.01

ppm
Ba 163 67 600 221 197 61 141
Rb 19 5 23 26 60 5 16
Sr 366 348 589 323 167 194 324
Y 29 31 31 23 23 31 33
Zr 140 131 170 116 111 120 200
Nb 6 5 7 8 5 5 10
Th nd 10 10 nd 10 10 4
Pb 1 21 10 6 10 10 18
Ga 21 18 17 16 17 17 19
Zn 114 74 79 99 102 88 100
Cu 31 37 46 78 17 30 47
Ni 20 111 117 82 102 92 37
V 484 227 215 242 232 318 307
Cr 40 273 340 340 234 259 146

48.20 50.08 51.38 52.38 65.36 55.39 69.68 70.37
1.61 1.14 1.12 1.08 0.68 2.19 0.33 0.49

18.73 18.31 17.64 16.67 15.95 16.27 15.88 14.79
8.64 8.66 11.46 8.45 3.73 8.89 1.68 2.07
0.18 0.15 0.18 0.18 0.06 0.16 0.03 0.09
2.11 5.79 5.54 7.98 2.41 2.76 0.69 1.20

16.58 8.04 5.02 4.47 3.00 4.67 1.58 1.28
1.92 3.13 3.06 0.43 3.99 5.81 4.55 4.44
0.14 0.48 0.44 3.31 3.07 0.22 2.39 3.92
0.47 0.19 0.19 0.20 0.25 1.04 0.11 0.09
1.30 2.90 4.10 5.40 1.10 2.50 2.60 0.40

99.88 98.87 100.13 100.55 99.60 99.90 99.52 99.14

35 215 118 700 706 84 496 839
3 14 15 112 116 8 108 142

441 515 435 78 600 142 271 161
31 27 30 27 11 69 7 32

209 132 166 180 236 324 166 309
11 5 8 8 7 14 5 14
nd 10 10 10 19 10 21 11
18 13 12 10 21 11 10 16
28 17 21 17 20 18 20 16
48 94 105 69 61 114 26 65
86 63 25 26 10 8 12 nd
28 75 42 128 37 5 5 27

335 231 337 203 71 111 34 35
51 145 172 313 73 5 14 4

77.06 74.03 75.22 71.73 68.84 71.12 69.40 69.25
0.30 0.12 0.12 0.31 0.44 0.43 0.48 0.45

11.61 13.91 14.23 15.70 14.33 13.34 14.92 14.85
1.70 1.09 1.26 1.65 4.53 4.48 4.93 4.79
0.04 0.05 0.06 0.02 0.15 0.17 0.19 0.16
1.30 0.88 0.22 1.27 0.85 0.81 1.17 0.87
1.71 0.49 0.97 0.84 0.11 0.26 0.44 0.24
4.06 4.24 2.19 3.45 5.11 4.61 6.42 5.51
0.60 4.10 2.79 4.53 4.53 3.97 2.26 3.63
0.05 0.03 0.04 0.10 0.07 0.10 0.10 0.09
0.50 1.00 2.00 0.90 0.30 0.00 0,20 0.10

98.93 99.94 99.10 100.50 99.26 99.29 100.51 99.94

188 57 107 557 2434 1967 1225 2103
26 158 139 161 96 102 49 93

290 87 94 226 22 36 28 29
35 24 22 14 38 47 41 43

254 130 119 185 251 338 362 364
18 22 20 8 21 19 20 21
19 42 31 29 5 13 13 18
18 43 11 15 17 19 19 22
17 20 22 22 20 16 22 18
64 33 51 47 54 92 84 103
11 nd 5 3 1 nd 2 3
18 20 5 20 21 27 24 28
8 2 6 29 5 5 5 5

22 7 5 14 13 12 9 5

Analyses by X-Ray Fluorescence at the Nova Scotia Regional Geochemical Centre, Saint Mary's University, Halifax. 
Abbreviations: LOI, loss-on-ignition; Fe20 3T, total Fe as Fe20 3; nd, not determined.
Sample locations 1 through 23 are shown on Figure 2.
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CLYBURN BROOK AREA
O  mafic (n= ll)

□  intermediate (n=2)

O  felsic (n=5)

INGONISH ISLAND
A felsic flows/tufis (n=4)

A  felsic dyke (n=l)

MONEY POINT GROUP
+  (n=32)

Fig. 3. Plots of (a) Zr/Ti02 against Si02 and (b) Zr/Ti02 against Nb/Y, with fields from Winchester and Floyd (1977), for samples from 
the Clybum Brook area and Ingonish Island (this study, Table 1), and the Money Point Group (data from Wunapeera, 1992; Keppie et 
al., 1997).
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Nb x 2

Zr/4 Y

Ti/100

Fig. 4. Mafic samples from the Clybum Brook area plotted on (a) 
Nb-Zr-Y and (b) Ti-Zr-Y discrimination diagrams. Symbols are as 
for mafic samples in Figure 3. Shaded field includes 34 mafic 
metavolcanic samples from the Money Point Group (data from 
Wunapeera, 1992; Keppie et at., 1997). Fields in (a) are from 
Meschede (1986), and in (b) from Pearce and Cann (1973). Ab­
breviations in (a): WPA, within-plate alkalic basalt; E-MORB, 
enriched mid-ocean ridge basalt; N-MORB, normal mid-ocean ridge 
basalt; VAB, volcanic-arc basalt; WPT, within-plate tholeiite. 
Abbreviations in (b): WPB, within-plate basalt; MORB, mid­
ocean ridge basalt; IAT, island-arc tholeiite; CAB, calc-alkalic ba­
salt.

8b), although the reliability of these differences in relatively 
“mobile” elements could be questioned. Thefelsic dyke sam­
ple from Ingonish Island is different from its host rhyolite, 
and more similar to the Clybum Brook area samples (Figs. 7, 
8b). The petrogenetic significance of these differences is un­
clear, but combined with the absence of mafic volcanic and

I i ■ ■ ■ I ■ i i i I i i i .  I ■ i i ■ I ■ i ■ ■ I .  i i ■ I ■ i ■ ■ I ■ < i i I

0 1 2 3 4
FeOT/MgO

Fig. 5. Plot of TiOj against FeOT/MgO for mafic samples from the 
Clybum Brook formation and Money Point Group (symbols and 
data sources as in Fig. 3). Typical tholeiitic and calc-alkalic trends 
are after Miyashiro (1974).

500 c— i----1----- 1---- 1-----1 1-----1 1-----1-----1-----1 1— i

Sr K Rb Ba Nb P Zr Ti Y V Ni Cr

Fig. 6. Multi-element variation diagram to illustrate that mafic 
volcanic rocks from the Clyburn Brook area are transitional be­
tween the average within-plate tholeiite and volcanic-arc tholeiite 
from Pearce (1982). Data are normalized to average mid-ocean 
ridge basalt from Pearce (1982), except V value estimated from 
Shervais (1982). Patterns for average within-plate tholeiitic (WPT), 
within-plate alkalic basalt (WPA), volcanic arc tholeiite (VAT) 
and calc-alkalic basalt (CAB) from Pearce (1982) are shown for 
comparison.

interbedded sedimentary units, suggest that the Ingonish is­
land rhyolite may not be part of the Clybum Brook formation.

C omparison with other units

Raeside and Barr (1990,1992) included rocks of the Clybum 
Brook area in the McMillan Flowage Formation, although they 
noted the difference in metamorphic grade and placed a fault
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Fig. 7. Felsic samples from the Clybum Brook area and Ingonish 
Island plotted on a tectonic setting discrimination diagram with 
fields after Pearce etal. (1984) and Pearce (1997) and symbols 
and data sources as in Figure 3. Small shaded field encloses data 
for six samples from the Cameron Brook Granodiorite (from O’Beime- 
Ryan etal., 1986). Abbreviations: VAG, volcanic-arc granite; ORG, 
ocean-ridge granite; WPG, within-plate granite; PCG, post-collisional 
granite.

between the Clybum Brook area and the rest of the formation 
to the south. However, the rocks in  the Clybum Brook area 
also differ lithologically from those of the McMillan Flowage 
Formation. The M cMillan Flowage Formation is dominated 
by psammitic and pelitic rocks, with marble and amphibolite 
layers. The amphibolitic layers are mainly narrow and sill-like, 
and associated with quartzite and calc-silicate rocks. In addi­
tion, the McMillan Flowage Formation lacks evidence for in­
termediate and felsic metatuffaceous rocks that are a major 
component of the Clybum Brook formation.

More recent workers (Lynch and Tremblay, 1992; Lin, 1992, 
1993, 1995; Lynch etal., 1995) correlated rocks in the Clybum 
Brook area with Silurian metavolcanic units of the Aspy terrane. 
The geographically closest such unit is the Money Point Group 
(Fig. 1), which consists of metasedimentary (70%) and 
metavolcanic (30%) rocks (Macdonald and Smith, 1980; 
Wunapeera, 1992). The metavolcanic rocks are mainly mafic 
schists, interpreted to represent metamorphosed volcaniclastic 
rocks and basalts, with minor felsic schist (meta-rhyolite). 
Overall, the samples from the Clybum Brook area show chemical 
similarity to the Money Point Group, although the Money 
Point samples are even more bimodal, with felsic rocks con­
taining higher S i0 2 and generally more evolved in composi­
tion (Fig. 3a, b). However, the samples are similarly subalkalic,

Fig. 8. Multi-element variation diagram to illustrate chemical vari­
ation in the rhyolitic samples from the (a) Clyburn Brook forma­
tion (diamonds), (b) Ingonish Island (volcanic samples are open 
triangles, felsic dyke sample is represented by black triangles), 
and (c) Money Point Group (crosses). Data in (c) are from Wunapeera 
(1992). Data are normalized relative to the average A-type granite 
of Whalen et al. (1987), and the average felsic I-type granite (star

Pb Ba K Zn P Ti Ga

symbol) of Whalen et al., 1987) is shown for comparison on all 
three diagrams. The shaded field on (b) encloses six samples from 
the Cameron Brook Granodiorite (O’Beime-Ryan et al., 1986).
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and mafic samples plot in similar fields on ternary discrimina­
tion diagrams (Fig. 4a, b). They also appear to be tholeiitic, 
although some samples are more evolved to higher T i0 2 con­
tents (Figs. 5, 9). They show a similar pattern on the multi­
element variation diagram (Fig. 6), intermediate between vol­
canic arc and within-plate tholeiite.

Although higher in  S i0 2, felsic rocks of the Money Point 
Group tend to have lower Y+Nb values than the Clybum Brook 
and Ingonish Island samples, and hence to plot farther into 
the volcanic arc field on the Rb-Y+Nb discrimination diagram 
(Fig. 7). They are chemically sim ilar to the average felsic I- 
type granite (Fig. 8c).

Overall, the chemical data suggest that the Clybum Brook 
formation is similar but not identical to the Money Point Group. 
The similarity suggests that the two units may be of similar 
age; most workers agree that the Money Point Group and 
other metavolcanic/metasedimentary units throughout northern 
and western Cape Breton Island, including the Sarach Brook 
and JumpingBrook metamorphic suites (Fig. 1), are Ordovician- 
Silurian in age (Barr and Jamieson, 1991; Lin, 1993). However, 
reliable age data are needed from the Clybum Brook forma­
tion to confirm this interpretation.

The felsic dyke in  the Ingonish Island rhyolite differs 
chemically from the rhyolite, and lack of petrographic evi­
dence for metamorphism suggests that it may be younger. 
The analyzed sample is chemically similar to samples from the 
Cameron Brook Granodiorite (Figs. 7, 8b), which suggests 
that the dyke (and others like it on Ingonish Island and in the 
Clyburn Brook area) may be related to the granodiorite. If so, 
this correlation confirms that the Ingonish Island rhyolite is 
older than ca. 402 Ma, and suggests that the Cameron Brook 
Granodiorite may have caused the thermal metamorphism evi­
dent in the Ingonish Island samples. Alternatively, intmsion 
of the ca. 375 Ma Black Brook Granitic Suite (Fig. 2) may have 
caused contact metamorphism in the Ingonish Island area. 
However, if  the correlation of the dykes with the ca. 402 Ma 
CameronBrook Granodiorite is correct, then their lack of meta­
morphism shows that the ca. 375 Ma Black Brook Granitic 
Suite was not repsonsible for the contact metamorphism in 
the host rhyolite.

D iscussion and conclusions

The Ingonish Island rhyolite was contact metamorphosed, 
probably by intrusion o f the Cameron Brook Granodiorite, 
but in contrast to the Clybum Brook formation, shows little 
evidence of regional metamorphism. As described above, the 
two units also show lithological and petrological differences 
which indicate somewhat different histories. Hence it is sug­
gested that the Ingonish Island rhyolite should not be in­
cluded in the Clybum Brook formation.

On the basis of petrological data, Barr and Jamieson (1991) 
suggested that the metavolcanic-metasedimentary units in 
the Aspy terrane, including the Money Point Group and Sarach 
Brook and Jumping Brook metamorphic suites (Fig. 1), repre­
sent a volcanic arc setting. Lin (1993) suggested that the data 
are consistent with either an arc or a back-arc environment. 
The presence of felsic volcanic rocks indicates that classic

Fig. 9. Plot of V against Ti for mafic samples (less than 54% 
Si02), with fields from Shervais (1982) and symbols as in Figure 
3. Abbreviation: MORB, mid-ocean ridge basalt.

back-arc settings containing oceanic crust, such as the Sea 
of Japan and Scotia Sea (Wilson, 1989), are not a likely ana­
log. A more likely analog is a zone of extension within or 
behind a volcanic arc built on continental crust, such as the 
Taupo volcanic zone in New Zealand (Cole et al. , 1995). The 
Taupo volcanic zone occurs behind part of the Taupo-Hikurangi 
arc-trench system in an oblique subduction zone, and may 
provide a reasonable analogy for what was happening in the 
northern Appalachian orogen during the Silurian (O’Brien et 
al., 1991; Lin etal., 1994). In New Zealand, this tectonic set­
ting has resulted in a varied assemblage of volcanic rocks, 
ranging from basalt to rhyolite, and including voluminous 
silicic volcanic rocks in localized areas, comparable to the 
volcanic-sedimentary units in  Cape Breton Island such as the 
Clyburn Brook formation. Deformation and metamorphism 
apparently occurred in the Late Silurian-Early Devonian as a 
result of compression of the arc and back-arc systems, inter­
preted to have resulted from collision with the Bras d’Or terrane 
to the south and possibly the Blair River inlier to the north 
(Lin etal., 1994; Lin, 1995; Barr etal., 1995).

Including the Clybum Brook formation in the Aspy terrane 
requires modification of the terrane model of Barr andRaeside 
(1989), because they placed the terrane boundary north of 
the area. However, as also noted by Barr et al. (1995) and 
Yaowanoiyothin and Barr (1991), a protracted history of com­
plex faulting and Devonian plutonism in this area makes terrane 
boundary designation speculative.
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Appendix A. Brief petrographic descriptions of analyzed samples.

Clyburn Brook formation - mafic samples:
1. SB86-3104. Metabasalt Dominated by actinolite, plagioclase 

(An2J), chlorite, and opaque minerals. Foliated.
2. CW86-3616B. Metabasalt. Mainly epidote, chlorite, and 

albite. Patchy remnant broken epidotized phenocrysts.
3. CW86-3618B. Banded mafic metatuff. Abundant actino­

lite with epidote, chlorite, quartz, and plagioclase (relict 
crystals An44). Sheared.

4. CW86-3621. Metabasalt. Relict intergranular texture re­
placed by actinolite, epidote, biotite, and albite. Unfoliated.

5. CW86-3625. Mafic metatuff? Protomyloniticfabric domi­
nated by schistose chlorite and muscovite and intersti­
tial albite and quartz. Abundant carbonate.

6. CW86-3629. Metabasalt. Relict f.g. intergranular texture, 
replaced by actinolite, chlorite, epidote, and albitic 
plagioclase. Unfoliated.

7. CW86-3640. Metabasalt. Recrystallized texture dominated 
by well-foliated actinolite, biotite, and albitic plagioclase, 
with minor quartz. Relict porphyritic texture.

8. CW86-3641. Metabasalt. Similar to CW86-3641.
9. RR86-2582. Metabasalt? Highly altered, with abundant 

plagioclase, epidote, and actinolite and relict subophitic 
texture.

10. RW090. Mafic metatuff? Plagioclase (Atr^) porphyroclasts 
in a well-foliated matrix of mainly chlorite, epidote, car­
bonate, and sericite.

11. SL32. Basaltic to andesitic crystal lithic metatuff. 
P lagioclase, quartz, and lith ic  clasts in a foliated 
groundmass of sericite, epidote, chlorite, and actinolite.

Clyburn Brook formation - intermediate samples:
12. SB86-3101. Porphyritic metadacite. Netwoik of plagioclase 

laths with abundant subhedral epidote and biotite and 
less abundant sericite. Relict plagioclase phenocrysts.

13. SL91-1. Metatuff. Fine-grained foliated feldspar laths, 
chlorite, and sericite, with scattered cubes of pyrite.

W unapeera, A. 1992. The geology of the Cape North and Money 
Point groups, northern Cape Breton Highlands, Nova Scotia. 
M.Sc. thesis, Acadia University, Wolfville, Nova Scotia, 293 
P-

Y aowanoiyothin, W. and B arr, S.M. 1991. Petrology of the Black 
Brook granitic suite, Cape Breton Island, Nova Scotia. Cana­
dian Mineralogist, 29, pp. 499-515.
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Clyburn Brook formation - felsic samples:
14. SL39. Metarhyolite. Phenocrysts of plagioclase in a f.g. 

granular groundmass of quartz and feldspar. Abundant 
muscovite.

15. SB86-3103. Metarhyolite. Fine-grained granoblastic quartz 
and feldspar dusted with epidote, sericite, biotite, gar­
net, and opaque phases. Scattered relict plagioclase 
phenocrysts.

16. CW86-3643. Felsic metatuff. Rhyolitic clasts and abun­
dant feldspar and recrystallized quartz phenocrysts in a 
microcrystalline granular to flow-aligned groundmass 
with minor biotite and muscovite.

17. RR86-2577. Rhyolite. Quartz, plagioclase, and sanidine 
phenocrysts in a microgranophyric groundmass. Minor 
biotite and sericite.

18. RR86-2579. Metarhyolite. Deformed quartz, plagioclase, 
and sanidine phenocrysts in a well-foliated groundmass, 
with abundant muscovite.

Ingonish Island samples:
19. RR86-2630. Pink rhyolitic dyke. Scattered anorthoclase 

and plagioclase phenocrysts in a trachytic groundmass; 
abundant igneous-looking biotite.

20. RR86-2631. Rhyodacite. Cryptocrystalline groundmass 
with sparse anorthoclase phenocrysts and dusted with 
opaque minerals.

21. RR86-2632. Rhyodacitic lithic tuff. Mainly cryptocrys­
talline, flow-aligned groundmass, with irregular coarser- 
grained patches. Abundant mainly aligned, flakes of mus­
covite. Dusted with opaque minerals.

22. RR86-2634. Rhyodacite. Strongly foliated cryptocrys- 
talline groundmass with scattered phenocrysts of feld­
spar and recrystallized quartz aggregates. Original flow- 
foliation accentuated by deformation.

23. RR86-2638. Rhyodacite. Feltedf.g. groundmass with sparse 
alkali feldspar phenocrysts.


