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Mapping, petrological studies, and U-Pb dating of volcanic and plutonic units have provided a new under
standing of the stratigraphy and paleotectonic setting of rocks in the Guysborough area. From base to top, the 
stratigraphic sequence is interpreted to consist of: (1) volcanic flows and pyroclastic rocks, with minor interlayered 
sedimentary rocks (Sunnyville Formation), (2) varied conglomerate (Glenkeen Formation), (3) quartz wacke with 
minor interlayered quartz arenite and conglomerate, and (4) massive to shaly or laminated siltstone. These volca
nic and sedimentary units are intruded by small gabbroic plutons, sills, and dykes. All the units are early Middle 
Devonian, based on a U-Pb (zircon) age of 389 ± 2 Ma for rhyolitic tuff from the Sunnyville Formation, and a 
preliminary U-Pb (baddeleyite) age of ca. 385 Ma for one of the gabbroic plutons in the siltstone unit.

Based on whole-rock chemistry, the mafic volcanic and gabbroic rocks are similar, and formed in a continen
tal within-plate setting. However, the rocks in the eastern part of the map area are more alkalic than those in the 
west, which are dominantly tholeiitic. The mafic magmas are interpreted to have formed by partial melting of the 
subcontinental upper mantle and to have evolved by crystal fractionation processes; the more alkalic magmas in 
the east may represent lesser amounts of partial melting in that area. This interpretation is consistent with the 
presence of felsic volcanic rocks only in the western part of the area. They may represent crustal melts formed as 
a result of mafic magma underplating of the crust.

The regional tectonic significance of these igneous rocks is not yet resolved, but they are clearly older than 
Late Devonian to Carboniferous igneous units elsewhere in northern mainland Nova Scotia and in Cape Breton 
Island with which they were previously assumed to be correlative.

Des travaux de cartographic, des dtudes petrologiques et la datation au U-Pb d’unites volcaniques et plutoniques 
ont permis une meilleure comprehension de la stratigraphie et du cadre pateotectonique des roches du secteur de 
Guysborough. On interprete la composition de la sequence stratigraphique comme suit, de sa base a son sommet :
1) des ecoulements volcaniques et des roches pyroclastiques, avec une proportion mineure de roches s£dimentaires
intercalees (Formation Sunnyville); 2) un conglomerat diversify (Formation Glenkeen); 3) de la wacke qurtzeuse 
avec une presence mineure de conglomdrat et de quartzite sedimentaire interstratifies; et 4) des siltstones massifs 
a schisteux ou feuilletes. Ces unites volcaniques et sedimentaires sont penetrees par de petits dykes, filons- 
couches et plutons gabbrolques. Toutes les unitds remontent au debut du Ddvonien moyen d ’apres une datation au 
U-Pb (zircon) situant & 389+2 Ma le tu f rhyolitique de la Formation Sunnyville ainsi qu’une datation au U-Pb 
(baddeleyite) situant provisoirement l’un des plutons gabbroi’ques de l’unite de siltstones k environ 385 Ma.

D ’aptes la chimie des roches, les roches volcanomafiques et gabbroi’ques sont semblabes et elles se sont 
forntees dans un cadre intra-plaque continental. Les roches de la partie orientate du secteur cartographique sont 
cependant plus alcalines que celles de l’ouest, en predominance tholeiitiques. Selon 1’interpretation avancee, les 
magmas maflques se seraient forntes par suite d’une fonte partielle du manteau sous-continental supdrieur et ils 
auraient evolu£ au moyen de processus de differenciation magmatique; les magmas plus alcalins de Test pourraient 
representer une fonte partielle moins importante dans ce secteur. Cette interpretation est compatible avec la presence 
de roches volcano-felsiques limitee k la partie ouest du secteur. Elies pourraient representer des Elements crustaux 
fondus formes par suite d’une remontee de magma maflque sous les plaques de la crofite.

On n’a pas encore determine l’importance tectonique rdgionale de ces roches ignees, mais elles sont clairement 
plus anciennes que les unites ignees du Ddvonien superieur au Carbonifere des autres regions de l’interieur de la 
Nouvelle-Ecosse et de l’TIe du Cap-Breton avec lesquelles on les supposait auparavant correlatives.

[Traduit par la redaction]

INTRODUCTION regional mapping (Schiller, 1961, 1963), their distribution,
stratigraphic relations, petrochemistry, and age were poorly 

Although the presence of volcanic and plutonic rocks constrained prior to the present study. The mafic volcanic 
in the Guysborough area (Fig. 1) was previously known from rocks were considered to be of Devonian to Carboniferous
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Fig. 1. Map of Nova Scotia, New Brunswick, and adjacent areas showing the distribution of Devonian and Carboniferous volcanic 
rocks. The arrow indicates the location of the Guysborough map area in northern mainland Nova Scotia. C = Cobequid Highlands; A 
= Antigonish Highlands; CCFZ = Cobequid-Chedabucto Fault Zone (Minas Fault Zone).

age (Schiller, 1961, 1963; Mooney, 1990), whereas associ
ated mafic plutonic rocks were interpreted to be late Palaeozoic 
(Schiller, 1963; Durocher, 1974) or Mesozoic (Donohoeand 
Grantham, 1989). Felsic volcanic rocks in the area were 
inaccurately described as “granite” and interpreted to be 
Mesozoic (Schiller, 1963) or Devonian - Carboniferous (Keppie, 
1979; Donohoe and Grantham, 1989). Limited chemical data 
from mafic volcanic rocks near the town of Guysborough 
had been interpreted to indicate alkalic affinity (Mooney, 
1990). The relationship of these rocks to the widespread 
mid-Paleozoic magmatism elsewhere in the region (Fig. 1), 
however, had not been assessed.

During 1992 and 1993, geological mapping at a scale 
of 1:25,000 was conducted in the Guysborough area (Fig. 
2), to better determine the distribution, field relations, and 
characteristics of igneous rocks in the area. Petrographic 
and chemical analyses were done to provide a data base for 
the interpretation of chemical affinity, petrogenesis, and tectonic 
setting, and a rhyolite unit was dated using the U-Pb (zir
con) method. The purpose of this paper is to present the 
results of this work, which formed the basis of a M.Sc. the
sis by the senior author (Cormier, 1994).

G eology of the G uysborough area 

Introduction

The present study and previous mapping (Schiller, 1961, 
1963; Smith, 1980, 1981; Hill, 1987, 1991; Mooney, 1990) 
show that the stratigraphic succession in the Guysborough 
area consists of four units (from bottom to top): (1) volcanic 
flows and pyroclastic rocks, with minor interlayered sedi
mentary rocks, (2) varied conglomeratic rocks, (3) quartz 
wacke with minor interlayered quartz arenite and conglom
erate, and (4) massive to shaly laminated siltstone (Fig. 2). 
Gabbroic plutons, sills, and dykes have intruded all of these 
units, but no definitely extrusive rocks were found in the 
sedimentary units.

The terminology for stratigraphic units in the Guysborough 
area has not been well established. Schiller (1963) used the 
name Black Settlement formation for the volcanic rocks; 
the more appropriate term Sunnyville Formation was intro
duced by Mooney (1990) for the volcanic rocks in the east
ern part of the area around the community of Sunnyville 
(formerly Black Settlement) west of Guysborough. We sug-
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gest that Sunnyville Formation be accepted as the formal 
name for the mainly volcanic unit which occurs throughout 
the present map area (Fig. 2), with characteristics as de
scribed below.

The Glenkeen Formation was previously established (Smith, 
1980,1981, and in Williams etal., 1985) as the formal name 
for the mainly conglomeratic unit overlying the volcanic 
rocks of the Guysborough area, with the type section in the 
area east of the present study area. Hence that name is re
tained here, although a detailed report on the area has not 
been published, and Mooney (1990) used the term Tower 
formation for the same unit. The Glenkeen Formation was 
considered to be part of the Horton Group by Smith in Wil
liams etal. (1985); however, the geochronological data presented 
here show that the conglomeratic rocks, as well as the over- 
lying quartz wacke and siltstone units, are of early Middle 
Devonian age, and hence not part of the Horton Group.

Cormier (1994) interpreted the overlying quartz wacke 
and siltstone units to be members within the Carboniferous 
Clam Harbour River Formation of Smith (1980, 1981, and 
in Williams etal., 1985). However, more recent mapping to 
the north of the present map area has shown that these units 
are unlikely to be part of the Clam Harbour River Forma
tion (Barr and White, 1995), and hence they are here left 
unnamed, pending more detailed work in the area.

The four stratigraphic units in the study area are in faulted 
contact with Carboniferous sedimentary rocks of the Horton 
Group on the north and west (Fig. 2). On the south, they are 
complexly terminated by the Chedabucto, Guysborough County, 
and subsidiary faults, which separate the units from faulted 
slivers of varied metamorphic rocks of uncertain age, 
metasedimentary rocks of the Meguma terrane (Hill, 1987, 
1991), and Carboniferous sedimentary rocks of the Horton 
Group in the St. Mary’s basin (e.g., Murphy et al., 1993).

Structural data indicate that the Sunnyville and Glenkeen 
formations, as well as the overlying quartz wacke and silt
stone units, were folded about an east-northeast fold axis, 
and refolded subsequently about a north-northeast fold axis 
in the southeastern part of the map area (Cormier, 1994).

Sunnyville Formation

The Sunnyville Formation consists of subaerial mafic 
and felsic flows and pyroclastic rocks, with minor interca
lated sedimentary rocks. The mafic volcanic rocks form a 
discontinuous belt across the map area from west to east, 
whereas the felsic volcanic rocks occur only in the west in 
small isolated areas within the mafic flows and tuffs (Fig. 
2). Intercalated sedimentary rocks were found only in the 
eastern part of the area, and include red siltstone and polymictic 
conglomerate. The stratotype for the formation is suggested 
to be the section exposed on the road between Nickerson 
Lake and Rocky Lake, 3 km northwest of Sunnyville, as 
described by Mooney (1990). In the western part of the area, 
a representative section is exposed along the Hoppenderry 
Road, 1 km northwest of Giant Lake (Cormier, 1994). The 
base of the formation is not exposed; Mooney (1990) esti
mated a minimum thickness of 1400 m in the Sunnyville 
area.

Mafic volcanic rocks in the western part of the map area 
are fine grained, dark green, and massive to amygdaloidal, 
whereas those in the eastern part of the map area tend to be 
more medium grained, variable in colour from dark green 
to maroon, and locally feldspar porphyritic as well as amygda
loidal. Basalts in the eastern part of the area locally display 
peperitic structures, indicating interaction with water-rich 
sediments. The major minerals in the basalts from both the 
east and west are plagioclase and augite in approximately 
equal proportions, with up to 10% opaque phases (magne
tite and hematite). Texture varies from subophitic to intersertal 
or felty. Plagioclase is partially altered to sericite and saussurite, 
and clinopyroxene to chlorite and epidote. Other secondary 
minerals include titanite and opaques. Amygdules are filled 
with chlorite, carbonate, chalcedony, and/or zeolite miner
als.

Subordinate mafic pyroclastic rocks are intercalated with 
the basaltic flows, forming a larger component in the east
ern part of the area than in the west. They are mainly basal
tic lapilli tuffs, composed of >90% massive and vesiculated 
mafic lithic fragments in a matrix of chlorite, epidote and 
devitrified material. Up to 5% plagioclase crystal fragments 
and more abundant opaque (hematitic) material are present 
in the tuffs in the eastern part of the area.

The felsic rocks include both flows and welded tuffs. 
Flows are buff to purple, locally banded (due to flow), and 
quartz-feldspar phyric. In thin section, they display spheru- 
litic, eutaxitic, and (locally) granophyric textures, and typi
cally consist of a cryptocrystalline matrix, with <2% subhedral, 
embayed quartz grains and <2% anorthoclase crystals. Py
roclastic rocks include rhyolitic lithic crystal and lithic crystal 
vitric tuffs. The lithic crystal tuffs range from dark grey to 
buff to purple, and display well developed layering and flow
banding. An altered glassy to cryptocrystalline matrix, in 
places spherulitic, contains 2 to 4% angular to subangular, 
embayed quartz and 5% subangular anorthoclase crystals, 
the latter displaying sericitic alteration and rare twinning, 
and <1% subangular exotic lapilli of quartz arenite and siltstone. 
The vitric tuffs are massive, pale green, and consist of a 
glassy matrix of >50% shards, with <2% subhedral, embayed 
quartz grains and <1% subhedral anorthoclase grains. Sec
ondary minerals in the felsic samples include epidote, chlo
rite, sericite, carbonate, and iron oxides.

Glenkeen Formation

The Glenkeen Formation in the map area mainly flanks 
the Sunnyville Formation (Fig. 2), and consists of narrow, 
elongate lenses of grey-green to maroon, polymictic con
glomerate with minor intercalated quartz wacke beds. The 
polymictic conglomerates are well indurated, poorly sorted, 
and immature. They contain angular to subrounded clasts 
up to 15 cm in diameter, including, in order of decreasing 
abundance, quartz wacke, siltstone, basalt, lithic crystal tuff, 
rhyolite and quartz, in a silty matrix of clay minerals, Fe- 
carbonate, Fe-oxides, chlorite, epidote, and sericite.

Contacts between the Glenkeen Formation and under
lying Sunnyville Formation are not exposed. Volcanic clasts 
of Sunnyville Formation lithologies in the Glenkeen For
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mation, bedding orientations, and rare indications of younging 
direction based on cross- and graded bedding, however, in
dicate that the Glenkeen Formation concordantly and pos
sibly conformably overlies the Sunnyville Formation. Smith 
in Williams et al. (1985) reported the presence of an in
ferred angular unconformity between the two formations, 
but that was not observed during the present study.

Quartz wacke unit

The quartz wacke unit occurs both north and south of 
the Sunnyville and Glenkeen formations. It consists mainly 
of dark grey-blue to grey, massive to faintly bedded quartz 
wacke with minor quartz arenite and oligomictic conglom
erate. The quartz wacke is moderately well sorted, composed 
of 35 to 60% quartz grains cemented by carbonate material, 
with accessory zircon, pyrite and tourmaline.

Siltstone unit

The siltstone unit occurs west of the South River Lake 
fault, in a large area south of the quartz wacke member in 
the central part of the map area, and in a large fault-bounded 
belt in the southeastern part of the map area. It consists of 
dark grey, massive to shaly siltstone and lighter grey or lo
cally grey-green, laminated siltstone, with minor interbedded 
quartz wacke (beds <5 cm thick) and pyrite nodules (<4 cm 
long).

Gabbroic rocks

Small, gabbroic plutons are exposed at scattered loca
tions in the western and central parts of the map area (Fig. 
2). The gabbroic rocks range from dark green to black, and 
from fine- to coarse-grained. They display intergranular to 
subophitic textures, consisting ofplagioclase and clinopyroxene 
of augitic composition, with accessory opaque phases, apa
tite, and titanite. The gabbro east of South River Lake also 
contains up to 30% forsteritic olivine. The gabbro north
west of Erinville (herein termed the Erinville gabbro) con
tains abundant accessory phases, particularly apatite (3%), 
compared to the other plutons. Drillcore from the Erinville 
gabbro indicates that it becomes increasingly anorthositic 
with depth (Cormier, 1994; Dickie, 1989). The large gab
bro body north of the Erinville gabbro contains fine grained 
gabbroic xenoliths of similar composition to the coarser grained 
host.

In addition to the plutons, gabbroic sills and dykes were 
found in the Sunnyville and Glenkeen formations, and in 
the overlying quartz wacke and siltstone units, mainly in 
the southeastern part of the map area, although these intru
sions are too small to show at the scale of Figure 2. Intru
sive contacts between mafic sills and dykes and the quartz 
wacke were observed. The gabbroic sills and dykes are dark 
green to black, fine- to medium-grained, equigranular to 
inequigranular with intersertal, intergranular or subophitic 
texture dominated by plagioclase and clinopyroxene, with 
accessory apatite and opaque minerals. The plagioclase is

partially altered to sericite, saussurite and epidote, and 
clinopyroxene is strongly altered to chlorite and epidote.

Metamorphic rocks

Metamorphic rocks are exposed in a narrow belt, about 
11 km in length and 1.5 km wide, north of the Guysborough 
County Fault in the eastern part of the map area, and in 
faulted blocks and slivers in the South River Lake area in 
the western part of the map area. Contacts between these 
rocks and adjacent units are not exposed, and it is assumed 
that they have been faulted into their present positions. The 
eastern belt is mainly composed of strongly laminated and 
foliated phyllonite, with one area of garnet sillimanite schist. 
In thin section, micas in the phyllonite show extreme paral
lelism, and pressure shadows occur around quartz grains. 
The garnet sillimanite schist contains fine grained quartz, 
red-brown biotite, sillimanite, and garnet, with bands and 
lenses of disaggregated white quartz parallel to the folia
tion. The western fault-bounded areas consist of amphibo
lite and sheared granitoid rocks. The amphibolite is mylonitic.

The age and origin of these metamorphic rocks is un
certain. Similar rocks are exposed elsewhere along the Minas 
Fault System at Clarke Head in the Bay of Fundy (Gibbons 
and Murphy, 1993), in the Melrose area (Edmonds, 1990), 
and on Isle Madame (Barr et al., 1992; Barr and White, 
1995).

U-Pb DATING

In order to better constrain the age of the volcanic rocks, 
a sample of rhyolite in which accessory zircon was observed 
in thin section was selected for U-Pb dating. The dated sample 
is a welded tuff, containing broken crystals of plagioclase, 
anorthoclase, and embayed quartz in a cryptocrystalline to 
glassy (welded) groundmass. Rare, rhyolitic lithic clasts are 
also present.

Zircon was obtained from the bulk crushed rock sample 
using a Wilfley table and further concentrated using a com
bination of heavy liquids and magnetic separation. Mineral 
separates were hand-picked under a microscope to obtain 
high quality, morphologically similar grains. Zircon frac
tions were abraded using the technique of Krogh (1982). 
Analytical methods were as described by Dunning etal. (1990). 
Uncertainties on the ages are reported at the 95% confi
dence level.

Four fractions of abraded zircon grains were analyzed 
(Table 1). Two fractions (Z2, Z3) contain trace amounts of 
inheritance and hence are slightly discordant; the third fraction 
is concordant at 389 Ma (Fig. 3). All three fraction have 
206Pb/238U ages of 388 to 389 Ma, and the best estimate of 
the crystallization age, based on the 206Pb/238U ages and the 
concordant fraction, is 389 ± 2 Ma. This age is early Middle 
Devonian according to the time scale of Okulitch (1995), 
which places the Early - Middle Devonian boundary at 392 
± 2 Ma.

A sample from the Erinville gabbro (Fig. 2) was subse
quently selected for U-Pb dating. Preliminary concordant
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results from baddeleyite in this sample indicate an age of 
ca. 385 Ma (G. Dunning, unpublished data), showing that 
the gabbroic and volcanic rocks have similar early Middle 
Devonian ages.

Fig. 3. Concordia diagram for rhyolite sample #20 (location shown 
in Fig. 2). Data in Table 1.

G eochemistry

Introduction

Thirty-three samples were selected for whole-rock chemical 
analysis from volcanic and gabbroic outcrops throughout 
the map area (Fig. 2; Table 2). Samples were crushed and 
the freshest pieces were handpicked to avoid weathered surfaces, 
amygdules, and phenociysts, prior to pulverization in a tungsten- 
carbide mill. Analyses were done by standard X-ray fluo
rescence techniques at the Nova Scotia Regional Geochemical 
Centre, Saint Mary’s University, Halifax. Seven of the samples, 
including 3 basalts, 2 rhyolites and 2 gabbros, with low loss 
on ignition values (<3%) were also analyzed for rare earth 
elements (Table 3) by ICP-MS at Memorial University of 
Newfoundland, St. John’s.

For purposes of comparison, volcanic and gabbroic samples 
from the western and eastern parts of the map area are plot
ted with separate symbols in the diagrams presented as the 
basis for the following discussion. The data of Mooney (1990) 
from the eastern part of the map area are shown for com
parison on some of the diagrams.

Chemical characteristics

The mafic samples have Si02 contents mainly between 
45 and 52% (after recalculation to total 100% volatile-free); 
only four samples have higher values (Fig. 4a). The felsic 
samples all have recalculated Si02 values of 76 to 83%. Loss- 
on-ignition values are varied, especially in the mafic rocks, 
where they range up to 7%, and combined with the petro
graphic evidence of alteration observed in the samples, in
dicate that caution should be used in interpreting chemical 
data, particularly for the generally mobile elements, such 
as Na20  and K20 , which show wide variation (Fig. 4b, c). 
The high field strength elements (i.e., Zr, Nb, Y and Ti) are



Table 2a. Major and trace element data (in % and ppm, respectively) for samples from the western part of the map area.

Map No. 1

3-MF

2

11-MF

3

2 3-MF

4

103-MF

5

107-MF

6

35-MT

7

31-MI

8

47-MI

9

53-MI

10

80-MI

11

83A-MI

12

83B-MI

13

108-MI

14

120-MI

15

219-MI

16

19-FT

17

52-FF

18

9 3-FT

19

104-FF

20

109-FT

S i0 2 45.64 45.39 47.98 45.50 46.03 46.85 46.34 47.77 46.40 46.20 45.61 45.95 46.04 45.84 50.15 75.96 74.21 81.00 75.59 75.86
AI2 O3 15.46 16.47 15.27 15.50 15.84 16.36 15.65 14.01 14.02 15.37 12.89 14.37 15.58 14.80 14.55 11.87 12.65 8.45 11.41 11.48
Fe2 0 3 12.98 13.49 14.42 10.83 13.94 14.83 13.49 14.34 13.36 12.30 15.66 14.20 13.75 15.65 12.22 2.81 2.07 3.51 3.00 3.66
MgO 7.49 6.99 8.03 - 10.66 7.72 3.66 4.19 4.94 7.87 13.35 4.04 3.91 5.90 6.25 5.71 0.13 0.04 0.44 0.18 0 .2 0
CaO 8.33 8.21 4.27 6.27 6.30 5.55 8.78 8.18 9.08 6.85 8 .66 8.84 9.34 5.61 5.14 0.30 0.94 1.02 0.26 0.32
Na20 3.01 2.48 3.85 0.47 3.56 3.88 3.54 4.03 3.13 2.30 3.16 4.31 2.71 3.30 4.01 2.46 2.29 0.57 2.56 1.88
K20 0.27 1.04 0.56 4.36 0.14 0 .2 0 0.94 0.08 0.14 0.30 1.44 0.83 0.72 0.50 0.03 4.48 5.48 1.50 4.29 4.53
T i02 2.50 2.37 1.79 1.41 2.18 2.73 3.16 2.43 1.79 1.10 3.78 3.66 2 .6 8 3.82 3.07 0.23 0.15 0.19 0.23 0.24
MnO 0.31 0.35 0.28 0.34 0.23 0.17 0.23 0.30 0.38 0.15 0 .22 0.24 0.30 0.27 0.18 0.04 0.03 0.04 0.07 0.04
P2 O5 0.27 0.37 0.33 0.15 0.34 0.52 1.30 0.23 0 .2 0 0.37 1.62 1.57 0.46 0.74 0.43 0 .0 2 0 .0 2 0.03 0 .0 2 0 .0 2
LOI 3.10 2.50 3.60 4.30 3.60 6.90 2 .1 0 4.10 3.60 0.90 3.70 2 .2 0 2 .2 0 2.90 4.30 0.40 0.60 2.60 0.90 0.90
Total 99.36 99.65 100.39 99.80 99.90 101.65 99.73 100.41 99.98 99.19 100.78 100.08 99.68 99.69 99.79 98.70 98.48 99.35 98.51 99.14

Ba 194 839 203 1256 73 15 383 16 53 339 732 406 380 113 29 127 90 49 34 65
Rb 7 21 13 53 <5 8 7 <5 <5 <5 28 < 1 0 23 19 <5 126 274 80 178 145
Sr 364 318 207 269 196 48 545 283 195 1154 509 470 413 313 900 13 12 <5 15 10
Y 36 31 29 26 27 45 64 32 25 11 67 66 40 36 27 140 181 168 190 161
Zr 155 188 136 108 165 215 453 155 118 91 508 504 216 232 249 1026 1237 1177 1353 1157
Nb 10 18 15 7 15 19 52 9 7 7 64 61 17 22 31 98 145 121 114 104
Th <10 < 10 < 10 < 1 0 < 10 < 10 <10 < 10 < 10 < 1 0 < 10 < 1 0 < 10 < 10 <10 26 43 31 32 28
Pb < 10 < 1 0 < 10 < 1 0 < 1 0 < 1 0 < 10 < 10 < 10 < 1 0 < 1 0 17 < 1 0 < 10 < 10 < 10 < 1 0 < 1 0 11 < 1 0
Ga 21 22 19 13 20 22 25 21 19 18 21 20 23 23 20 33 39 30 37 35
Zn 393 139 121 121 107 42 126 102 96 85 103 345 162 155 161 18 32 15 59 24
Cu 167 6 <5 <5 9 7 23 109 33 23 13 23 69 12 33 <5 <5 <5 6 16
Ni 960 86 165 264 86 53 29 27 60 306 8 15 53 88 75 <5 <5 <5 <5 <5
V 313 279 236 257 269 391 188 372 315 96 177 185 270 367 240 6 <5 <5 <5 <5
Cr 176 76 293 606 70 120 10 34 429 524 5 5 93 135 201 <5 <5 <5 <5 <5

Sample type: MF = mafic flow, MT = mafic tuff, MI = mafic intrusion, FF = felsic flow, FT = felsic tuff. LOI = loss on ignition (% weight loss after heating for 1 hour at 1000°C).
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Table 2b. Major and trace element data (in % and ppm, respectively) for samples from the eastern part of the map area.

Map No. 21 

54-MT

2 2

58-MT

23

67-MF

24

69-MF

25

79-MF

26

81-MF

27

118-MF

28

199-MF

29

289-MF

30

114-MI

31

213-MI

32

215-MI

33

290-MI

S i0 2 48.67 53.42 46.69 49.82 55.32 49.45 50.28 51.44 44.58 46.36 46.39 43.92 45.80
AI2 O3 15.55 16.08 16.44 18.23 15.25 16.34 16.82 15.12 15.76 16.23 14.70 15.69 15.92
Fe?CN 13.18 13.15 11.80 13.29 11.61 13.01 13.76 11.13 13.91 14.57 13.82 16.36 17.54
MgO 4.75 4.43 6.73 5.66 4.25 7.12 3.11 6.25 5.76 4.53 6.81 5.24 7.27
CaO 3.95 1.75 4.60 1.17 1.27 1 .8 8 4.12 1.90 5.58 6.39 6.31 5.91 2.98
Na20 5.34 4.81 4.61 6.23 3.33 4.91 3.97 5.16 6.25 4.12 3.20 3.19 2.52
k 2o 1.62 1 .0 0 0.29 0 .2 1 2.69 0.26 2.35 0.09 0.29 1.06 1.23 3.05 0 .8 6

Ti0 2 2.64 1.90 3.14 1 .6 6 2.24 2 .2 0 2.50 3.15 2.09 3.60 2.56 3.09 1.01

MnO 0.16 0.07 0.14 0.34 0 .1 0 0 .2 0 0.07 0 .1 2 0 .2 2 0.24 0.23 0.23 0 .1 0

P2 O5 1.42 0.83 1.32 0.22 0.80 0.95 1.31 1.30 0.66 0.71 0.33 0.50 0.19
LOI 2.60 3.00 3.40 3.80 3.30 3.40 2.40 3.90 5.20 1.90 4.10 2.10 5.70
Total 99.85 100.44 99.16 100.63 100.16 99.71 100.69 99.57 100.30 99.71 99.67 99.28 99.87

Ba 1076 210 261 103 349 81 693 92 134 251 360 472 185
Rb 19 30 <5 5 72 6 70 <5 11 36 42 141 36
Sr 205 193 922 267 98 157 379 245 343 565 705 435 172
Y 33 24 32 21 31 40 42 50 24 34 22 27 95
Zr 347 259 298 89 249 274 385 319 234 345 168 211 90
Nb 40 31 28 6 27 29 54 33 29 30 22 21 7
Th <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Pb <10 <10 22 <10 10 <10 <10 <10 10 <10 <10 <10 <10
Ga 19 22 23 20 22 22 22 18 20 26 21 23 24
Zn 126 33 169 317 125 84 40 89 162 71 165 77 42
Cu 7 <5 5 <5 7 <5 7 <5 <5 28 26 10 <5
Ni 83 114 145 90 65 117 36 81 90 18 69 62 87
V 190 191 264 312 168 215 219 262 178 199 294 259 183
Cr 115 166 211 193 85 132 86 136 183 <5 83 12 255

Sample type: MF = mafic flow, MT = mafic tuff, MI = mafic intrusion. LOI = loss on ignition (“ 6 weight loss after heating for 1 hour at 1000°C).

generally considered to be less mobile during alteration and 
metamorphism (Pearce, 1982; Floyd and Winchester, 1978) 
and, on diagrams involving these elements, the samples from 
the study area generally plot in a linear pattern (e.g., Fig. 
4d). This suggests that these elements may have been rela
tively immobile, or at least moved coherently during alter
ation, and hence diagrams involving ratios of these elements 
may be reliable indicators of pre-alteration chemical char
acter.

A plot of Zr/Ti02 against Nb/Y (Fig. 5) shows that ma
fic samples vary from subalkalic to alkalic, based on Nb/Y 
ratio. Mafic volcanic samples from the western part of the 
study area plot mainly in the subalkalic field, whereas samples 
from the eastern part of the study area plot mainly in the 
alkalic field, although there is considerable scatter. The data 
of Mooney (1990), all from the eastern part of the map area, 
are shown for comparison on this Figure 5 and also plot 
mainly in the alkalic field.

Felsic samples plot in the comendite-pantellerite field 
on Figure 5, as a result of their high Zr (1026 to 1353 ppm) 
and low T i02 (<0.24%) values. However, the samples all 
have molecular (Na20+K20 ) values less than A120 3, and

hence do not fit the definition of peralkaline rocks (Shand, 
1947).

In Figure 5, three of four gabbroic dyke samples from 
the eastern part of the area plot in the alkalic field (the fourth 
sample has an anomalously low Nb/Y ratio), in the same 
area as the associated volcanic rocks, whereas gabbroic samples 
from the west span the subalkalic and alkalic fields.

Multi-element variation diagrams (Fig. 6a-d) are used 
to further illustrate the chemical character of the mafic samples, 
with data normalized to the average mid-ocean ridge basalt 
of Pearce (1982). The wide variation in mobile elements 
such as Rb, Ba and K20  is apparent in all four sample groups, 
in contrast to a relative lack of variation in Nb, P20 5, Zr, 
T i02 and Y. Cr and Ni show more variation, especially in 
the gabbroic samples, and this is attributed to variable de
grees of pyroxene and olivine fractionation in the evolution 
of the mafic magmas. Most volcanic samples from the west
ern part of the area (Fig. 6a) show overall flatter patterns, 
similar to the average within-plate tholeiitic basalt of Pearce 
(1982). In contrast, the volcanic samples from the eastern 
part of the area mainly show steeper patterns, more similar 
to that of the average within-plate alkalic basalt of Pearce
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Table 3. Rare-earth element data in ppm.

Map No. 3 21 27 7 10 18 20

23 (MF) 54 (MT) 118 (MF) 31 (MI) 80 (MI) 93 (FT) 109 (FT)

La 13.23 33.76 20.57 59.90 14.81 63.15 92.14
Ce 30.17 75.09 51.96 135.61 33.63 156.25 181.65
Pr 3.92 12.01 7.53 16.56 4.21 19.48 24.63
Nd 16.30 53.48 33.69 68.80 17.14 76.31 99.13
Sm 3.86 11.42 8.25 14.09 3.33 20.09 23.11
Eu 1.17 3.65 2.68 3.98 1.19 0.65 0.69
Gd 4.53 10.16 8.27 13.35 3.04 23.61 24.39
Tb 0.67 1.23 1.16 1.74 0.34 3.86 3.39
Dy 4.45 6.72 7.12 10.84 2.19 26.33 22.67
Ho 0.79 1.08 1.25 1.99 0.36 5.05 4.16
Er 2.32 2.53 3.55 5.19 0.97 14.45 11.94
Tm 0.33 0.34 0.47 0.74 0.13 2.09 1.69
Yb 2.08 2.22 3.15 4.65 0.67 14.39 10.82
Lu 0.34 0.28 0.44 0.66 0.11 2.01 1.66
Total REE 84.16 213.97 150.09 338.10 82.12 427.72 502.07

Sample type: MF = mafic flow, MT = mafic tuff, MI = mafic intrusive, FT = felsic tuff.

(1982). Gabbroic samples from both the eastern and west
ern parts of the area show similar ranges of values, but more 
variation, even in the less mobile elements, than the volca
nic rocks (Fig. 6b, d).

On a Zr-Ti-Y discrimination diagram for mafic volca
nic rocks (Fig. 7a), the samples, including those of Mooney 
(1990), mainly plot in the within-plate field. The more alkalic 
within-plate character of samples from the eastern part of 
the area is evident on the Zr-Nb-Y diagram (Fig. 7b). On 
these diagrams, the gabbroic samples show more variation 
than the basaltic samples, but overall have similar chemi
cal characteristics. None of the geochemical diagrams sug
gest significant differences between the gabbroic and basal
tic samples.

The felsic rocks have petrochemical characteristics similar 
to those of many A-type granitoid rocks, such as high Zr 
and Ga/Al ratio (Fig. 8a), and high Y+Nb (Fig. 8b). These 
features are consistent with origin by crustal melting in a 
within-plate tectonic setting (e.g., Pearce et al., 1984).

Rare earth  element chemistry

A chondrite-normalized rare earth element (REE) plot 
for mafic volcanic and gabbroic samples shows enrichment 
in light REE relative to heavy REE, and enrichment of REE 
overall, compared to chondritic values (Fig. 9a). None of 
the samples show Eu anomalies, suggesting that plagioclase 
fractionation did not play a significant role in their evolu
tion. The two mafic samples from the east show more en
richment in light REE compared to the mafic volcanic sample 
from the west. The latter sample also shows a flatter heavy

REE pattern. These differences are consistent with more alkalic 
affinity of the eastern volcanic samples, compared to tholeiitic 
affinity for the western sample, as also suggested by other 
chemical parameters discussed above. Enhanced light REE 
enrichment in alkalic magmas is related to a lesser degree 
of partial melting of the source (Wilson, 1989; Cullers and 
Graf, 1984; Hanson, 1980). The REE patterns are consis
tent with derivation from a garnet lherzolite mantle source, 
melting of which produced magmas with light REE enrich
ment because of the higher affinity of garnet for heavy REE 
compared to light REE (Hanson, 1980; Cullers and Graf, 
1984). The REE patterns are similar to transitional tholei
itic to alkalic basalts from the East Africa Rift (Fig. 9a).

The two gabbroic samples bracket the other samples. 
The high REE abundance in the Erinville gabbro sample is 
consistent with its abundance of accessory phases such as 
zircon and apatite, which typically contain a high concen
tration of REE (e.g., Hanson, 1980).

Compared to the mafic samples, the two rhyolite samples 
have higher total REE, especially heavy REE, and a marked 
negative Eu anomaly (Fig. 9b). The large Eu anomaly may 
result from feldspar fractionation or, perhaps more likely, 
the presence of residual feldspar in the source during melt
ing. Rhyolites from the East African Rift show similar REE 
patterns (Fig. 9b).

Discussion

The petrochemical data suggest that the basaltic rocks 
from the study area are mainly tholeiitic in the west and 
alkalic in the east, whereas gabbroic rocks are tholeiitic through-
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from the Guysborough area.
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Fig. 5. Plot of Nb/Y versus Zr/Ti02 for samples from the Guysborough 
area. Mooney (1990) samples are basalts from the eastern part 
of the map area. Fields are from Winchester and Floyd (1977).

out the area. Both volcanic and gabbroic rocks formed in a 
continental within-plate setting, and most likely represent 
localized magmatism associated with rifting. Mafic volca
nic rocks in the east have higher Si02 content, are alkalic 
in character, and have a larger pyroclastic component than 
the dominantly tholeiitic volcanic rocks in the west. This 
suggests that rifting may have been more limited in the east, 
and consequently manifested by alkalic, more volatile-rich 
magmatism. Large degrees of partial melting of the source 
in the west could have produced magmas more tholeiitic in 
character. The magma was likely also to be more volumi
nous, and more likely to induce crustal melting, thus per
haps explaining the confinement of rhyolitic rocks to the 
western part of the area.

The volume of rhyolite relative to basalt in the study 
area is low enough to be explained by fractional crystalliza
tion processes. The marked Si02 gap (55%-73%) and lack 
of chemical trends between mafic and felsic samples, how
ever, suggests different sources for the mafic and felsic magmas. 
Hence crustal anatexis resulting from mafic magma underplating 
is a considered to be a likely origin for the felsic magmas. 
High contents of Zr, Y, Nb and REE suggest that zircon 
may have played a significant role in the petrogenesis of 
the felsic rocks. Zr contents of felsic rocks could be explained 
by zircon entrainment or melting of a Zr-enriched source. 
Zircon is enriched in heavy REE, which can explain the flat 
chondrite-normalized pattern of the felsic samples, in con
trast to the progressive depletion of heavy REE seen in the 
mafic rocks.

Rb-Sr isotopic data for the volcanic and gabbroic rocks 
suggest an initial *7Sr/*6Sr ratio of0.7086 ± 0.014 (R. Cormier, 
personal communication, 1994). This high ratio, compared
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Fig. 6. Multi-element variation diagrams for (a) mafic volcanic 
samples from the western part of the Sunnyville Formation, (b) 
gabbroic samples from the western part of the map area, (c) mafic 
volcanic samples from the eastern part of the Sunnyville Forma
tion, and (d) gabbroic samples from the eastern part of the map 
area. Data are normalized to average mid-ocean ridge basalt from 
Pearce (1982), except V value estimated from Shervais (1982). 
Dashed lines are average within-plate tholeiitic (WPT) and av
erage within-plate alkalic (WPA) basalts from Pearce (1982).

to values of 0.702 to 0.704 that are typical of basalts de
rived from asthenospheric melts (Weaver and Tarney, 1981; 
Wilson, 1989), may be interpreted to indicate derivation from 
Rb/Sr enriched or metasomatized mantle sources within the 
subcontinental lithosphere (Wilson, 1989).

D is c u s s io n  a n d  c o n c l u s io n s

Volcanic rocks in the Guysborough area have been pre
viously assumed to be correlative with those of the Fisset

Ti/100

Fig. 7. Tectonic setting discrimination diagrams for mafic samples, 
with fields from (a) Pearce and Cann (1973) and (b) Meschede 
(1986).

Brook Formation in Cape Breton Island (Smith in Williams 
et al., 1985) or with the middle Devonian McAras Brook 
formation of the Antigonish Highlands (Donohoe and Grantham, 
1989). The U-Pb date of 389 ± 2 Ma indicates that the vol
canic rocks of the Sunnyville Formation are older than those 
of the Fisset Brook Formation, from which rhyolites have 
yielded ages of ca. 375 Ma, both in the type section in Fisset 
Brook (D. Piper, personal communication, 1995; G. Dun
ning, unpublished data) and in the Gillanders Mountain area 
(Barr et al., 1995). The McAras Brook formation is similar 
to the Sunnyville Formation in that it includes mafic rocks 
with characteristics of both tholeiitic and alkalic within- 
plate basalts (Dostal et al., 1983; Murphy, 1987). Fossils in 
the McAras Brook formation suggest a Middle Devonian 
age (Boucot et al., 1974), the same as the age of the Sunnyville 
Formation based on the U-Pb date and the Okulitch (1995)
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Fig. 8. Plots of (a) Zr vs. Ga/AI and (b) Rb-Y+Nb for felsic 
samples (black triangles). Fields are from (a) Whalen e t  al . (1987) 
and (b) Pearce e t  al. (1984). A rhyolite sample (diamond sym
bol) from the Naivasha volcanic field in the Kenya Rift (from 
Wilson, 1989, p. 348) is shown for comparison.

time scale. However, no gabbroic or felsic rocks appear to 
be present in the McAras Brook formation.

The early Middle Devonian age of ca. 389 Ma for rhyo
lite in the Sunnyville Formation suggests that the overlying 
Glenkeen Formation and quartz wacke/siltstone units are 
older than the Horton Group, which overlies ca. 373 Ma 
rhyolite (G.R. Dunning, unpublished data) of the Fisset Brook 
Formation in Cape Breton Island. The only fossil control 
on the age of the Guysborough area units is sparse plant 
debris and poorly preserved pelecypods which indicate a 
Devonian or younger age (Smith in Williams et al., 1985). 
However, the presence of gabbroic rocks with an age ca. 
385 Ma shows that all of the sedimentary host rocks are of 
similar early Middle Devonian age. The gabbros are older

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Fig. 9. Plots of chondrite-normalized data for (a) mafic samples 
and (b) felsic samples (symbols as in Fig. 5). Transitional ba
salt and rhyolite samples from the Boina centre, Afar Rift (Wil
son, 1989, p. 347) and Naivasha volcanic field, Kenya Rift (Wilson, 
1989, p. 348) are shown for comparison (dashed lines). Chon- 
drite-normalizing values are from Haskin e t  al. (1968).

than gabbros in the St. Peters area of southern Cape Breton 
Island (Fig. 1), which have yielded an age of 340 Ma (Barr 
et al., 1994).

An attribute shared by many Devonian to Carbonifer
ous volcanic and plutonic rocks in northern mainland Nova 
Scotia and Cape Breton Island is the behaviour of the Rb-Sr 
isotopic system. Basaltic and rhyolitic samples from this 
study, analysed by R. Cormier at St. Francis Xavier Univer
sity, have yielded an isochron which gives an apparent age 
of 334 ± 4 Ma (R. Cormier, personal communication, 1994), 
similar to the apparent Rb-Sr age obtained for the Fisset 
Brook Formation (Cormier and Kelley, 1964; Keppie and 
Smith, 1978; Huard, 1984). The significance of these Early 
Carboniferous ages is uncertain. All samples (rhyolite, ba
salt and gabbro) plot on a single isochron, suggesting that 
they may have been reset by a post-igneous overprinting 
event, as it is unlikely that the felsic and mafic rocks had 
the same initial isotopic ratio. The initial ratio is appropri
ate only for crustal melts and may not be a primary signa
ture. The difference between U-Pb and Rb-Sr ages derived
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from the same rocks suggests that caution should be exer
cised in interpretation of Rb-Sr data, and the concordant U- 
Pb ages are considered more reliable.

Volcanic and gabbroic rocks ranging in age from late 
Silurian through early Carboniferous are widespread in the 
northern Appalachian region (e.g., Fig. 1). All appear to 
have formed in a continental, within-plate setting (this study 
and Blanchard et al., 1984; Bradley, 1982, 1983; Pe-Piper 
etal., 1989; Baldwin, 1991; Van Wagoner et al., 1989;Dostal 
et al., 1989, 1994; Doig et al., 1991; Hon et al., 1992). 
Thus the Sunnyville Formation is part of a continuum of 
extensional magmatism which extended from the Silurian 
in northwestern New Brunswick into the Carboniferous in 
the Magdalen Basin, Cape Breton Island and locally else
where (e.g., Barr et al., 1994; Fyffe and Barr, 1986). As 
better constraints on age and petrochemistry, such as those 
of the present study, become available, an assessment of time- 
space variation in and tectonic implications of igneous ac
tivity associated with the Maritimes Basin will be possible.
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