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ABSTRACT

The Long Lake group forms part of the Victoria Lake supergroup of central Newfoundland and hosts one known VMS
deposit. Whereas the group is characterized by continuous fractionation sequences from basalt, through andesite and rhyo-
lite, the rocks hosting VMS associated alteration and mineralization are bimodal and are dominated by felsic volcanic rocks
and lesser mafic volcanic rocks and intercalated volcano-sedimentary rocks. All of the rocks are interpreted to have formed
in volcano-sedimentary basins within active volcanic arcs on the peri-Gondwanan margin of the lapetus Ocean.

The felsic volcanic rocks of the Long Lake group were, in the 1970s and 1980s, considered to be part of the ca. 496.5 Ma
Tulks Hill volcanic rocks to the west, but this stratigraphic correlation was brought into question after a geochronological
investigation of the Long Lake rocks showed them to be ca. 506 Ma.

New age data presented herein indicate that the felsic rocks of the Long Lake group can, in fact, be subdivided into two
sequences: 1) a lower stratigraphic division, hosting the VMS deposit, of ca. 514 Ma fine-grained to aphyric rhyolite and fel-
sic tuff that displays high concentrations of high-field strength and rare-earth elements, and 2) an upper stratigraphic divi-
sion of ca. 506 Ma blue-quartz-phyric felsic to intermediate tuff having significantly lower concentrations of high-field
strength and rare-earth elements.

The age similarity between the Long Lake and ca. 514-509 Ma Tally Pond VMS systems points to a temporal, and per-
haps genetic link between the two volcanic edifices, and negates a correlation with the younger Tulks Hill mineralizing sys-

tem.

INTRODUCTION AND REGIONAL
SETTING

The Cambrian Long Lake group is situated within the
Victoria Lake supergroup (VLSG) of central Newfoundland
(Figure 1). It is composed of felsic, to intermediate, and
mafic volcanic and volcaniclastic rocks, and lesser sedimen-
tary rocks, all of which formed in association with volcanic
arcs and volcano-sedimentary basins on the peri-Gond-
wanan margin of the lapetus Ocean (e.g., Zagorevski et al.,
2007, 2010). The group is known to host one volcanogenic
massive sulphide (VMS) deposit (the Long Lake main
deposit), as well as several VMS-style prospects and show-
ings.

The Victoria Lake Group (of Kean and Jayasinghe,
1980) had, until the early 1980s, been traditionally divided
into two main volcanic sequences, termed the Tulks Hill
volcanic rocks and the Tally Pond volcanic rocks, plus

extensive unnamed volcaniclastic and sedimentary units.
The Victoria Lake Group was interpreted to be bound by the
Red Indian Line (e.g., the fundamental suture zone of the
Newfoundland Appalachians (Williams et al., 1995)) to the
west, and was interpreted to be stratigraphically overlain by
Llandeilo—Caradocian black shales and cherts to the north-
east, which are, in turn, overlain by Middle Ordovician—
Early Silurian sedimentary rocks of the Badger group (see
Kean and Jayasinghe, 1980; Williams et al., 1995, pages
403-413).

Work undertaken by the Geological Survey of New-
foundland and Labrador (GSNL) in the 1970s and 1980s
(Kean, 1977, 1982) led to the inclusion of the rocks around
Long Lake, herein referred to as the Long Lake group, in the
Victoria Lake Group. Specifically, the Long Lake rocks
were considered to be a subdivision of the Tulks Hill vol-
canic rocks. Geochronological investigations of the Tulks
Hill volcanic rocks revealed that they comprised two dis-
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tinct, geographically separated, age divisions, viz. a ca. 462
Ma sequence in the west (Dunning et al., 1987) and a ca.
496.5 Ma sequence in the centre (G. Dunning, personal com-
munication 2008; a re-interpretation of isotopic age data
originally provided by Evans et al., 1990). Subsequent map-
ping and geochronological investigations (e.g., Evans et al.,
1990; Evans and Kean, 2002, and references therein; Rogers
and van Staal, 2002) indicated that the Victoria Lake Group
was a composite, and included volcanic rocks that have a
wide range of ages and geochemically inferred tectonic
environments of formation. Hence, Evans and Kean (2002)
proposed that the Victoria Lake Group be informally elevat-
ed to supergroup status (Victoria Lake supergroup, VLSG)
to reflect this composite nature.

Geological mapping and related studies undertaken by
the Geological Survey of Canada (GSC) in the early 2000s
(e.g., Rogers et al., 2005; van Staal ef al., 2005; Zagorevski
et al., 2010), augmented by investigations by the GSNL
(e.g., Hinchey 2007, 2008; Hinchey and McNicoll, 2009)
suggested that the regional tectonostratigraphic sequence
showed a westward-decreasing age pattern. This pattern was
implied by extant geochronology, which showed the strati-
graphic and temporal progression from west to east as: the
Tally Pond group (ca. 514-509 Ma; McNicoll ef al., 2010),
the Long Lake group represented by felsic volcanic rocks on
the southeast shore of Long Lake ( 506 + 3 Ma; Zagorevski
et al., 2010), the Tulks group ( 496.5 £ 1 Ma; G. Dunning,
personal communication, 2008), the Pats Pond group (ca.
491-488 Ma; Zagorevski et al., 2008; Hinchey and McNi-
coll, 2009), the Sutherlands Pond group (ca. 462-457 Ma,
Zagorevski et al., 2008; Dunning et al., 1987) and the Wig-
wam Brook group ( 453 £ 4 Ma; van Staal et al., 2005;
Zagorevski et al.,, 2007; Figure 1). Statistical errors of the
ages show a temporal overlap between the Long Lake group
(506 = 3 Ma) and the volcanic rocks of the Tally Pond group
(508.7 £3.3 — 514 + 7 Ma) to the east. Hinchey (2014) sug-
gested that the spatial order and westward-younging age
progression of the internal components of the VLSG may
not be indicative of a simple temporal sequence, but could,
instead, be a fortuitous orderly tectonic juxtaposition of vol-
canic groups that had originally been geographically distal.

PROJECT DESCRIPTION AND
RATIONALE

After conducting follow-up work to the previous map-
ping (e.g., Kean, 1977; van Staal et al., 2005) and explo-
ration programs (e.g., Noranda, 1998), Hinchey (2014) sug-
gested, based upon field relationships and preliminary U-Pb
Sensitive High Resolution Ion Microprobe (SHRIMP)
geochronology, that the Long Lake group could be divided
into two lithological sequences (Figure 2): 1) a ‘lower strati-

graphic’ division of ca. 511 Ma, fine-grained to aphyric,
rhyolite and felsic tuffs that host the Long Lake VMS
deposit and have high concentrations of high-field strength
and rare-earth elements, and 2) an ‘upper stratigraphic’ divi-
sion of ca. 506 Ma blue-quartz-phyric felsic to intermediate
tuff having significantly lower concentrations of high-field
strength and rare-earth elements. The U-Pb SHRIMP age of
511 + 4 Ma from the Long Lake main deposit (lower strati-
graphic division) noted above overlaps, in error, with the
younger Isotope Dilution Thermal Ionization Mass Spec-
trometry (ID-TIMS) age of 506 + 3 Ma reported in
Zagorevski et al. (2010) for the Long Lake group. Never-
theless, Hinchey (2014) presented detailed lithogeochem-
istry and isotopic data that, along with field observations,
supported the notion that there are lithological sequences
within the Long Lake group that have been juxtaposed by
regionally imbricated fold and thrust belts.

Because of the stratigraphic ambiguity implied by the
overlap, in error, of the two U-Pb ages noted in the forego-
ing paragraph, the original dated sample, JHC-12-027,
which had been collected from the immediate footwall host
rocks to the Long Lake deposit, was re-analyzed using ID-
TIMS methods in an attempt to improve the precision of the
age. The new work was undertaken to better define the
stratigraphy of the Long Lake group and to constrain the
timing of VMS mineralization. Herein, we report the ID-
TIMS data from the host rocks of the Long Lake deposit and
discuss the relevance of the age in terms of the lithostrati-
graphic architecture of the Long Lake group and its VMS
potential. Detailed descriptions of the local geology, VMS
deposits and occurrences, as well as lithogeochemical sig-
natures associated with the two proposed volcanic strati-
graphic sequences and related VMS deposits and occur-
rences are presented in an earlier report by Hinchey (2014)
to which the reader is referred for additional information.
Only summary information from the aforementioned report
will be provided below.

LONG LAKE GROUP
LOCAL GEOLOGY

The Long Lake group volcanic rocks display continu-
ous fractionation sequences from basalt, through andesite,
and rhyolite. However, in the vicinity of the Long Lake
deposit, the rocks are bimodal and have felsic (to felsic-
intermediate) compositions predominating over mafic com-
positions. Just the felsic volcanic rocks will be described
herein. These felsic volcanic rocks are divided, as indicated
above, into two sequences consisting of, 1) light-grey to
white, quartz + feldspar phyric, felsic to intermediate, and
medium- to coarse-grained pyroclastic rocks that occur in
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Figure 2. General geology of the southwestern portion of the Long Lake group as portrayed by van Staal et al. (2005) and
Lissenberg et al. (2005). Also shown are the locations of the Long Lake main deposit and other areas of exploration focus and
the location of the dated samples from the group. Dot plots represent the various concentrations of high-field strength ele-
ments (Zr+ Hf+ Nb+Y) for outcrop samples collected during the current study; breaks determined as Jenks natural breaks. The
dashed red line trending from southwest to northeast is illustrative and represents the approximate location proposed for the
division of the upper and lower stratigraphy as discussed in the text.

the southeastern part of the group, e.g., the upper stratigra-
phy of Figure 2 (Plate 1C, D), and 2) white to grey to pink,
aphyric to quartz + feldspar porphyritic, magnetite-bearing,
massive rhyolite, and local fine-grained, magnetite-bearing,
felsic tuff occurring in the northern part of the group, e.g.,
the lower stratigraphy of Figure 2 (Plate 1A, B). Variations
in dip directions and reversals in stratigraphic younging
directions are interpreted as being indicative of folding
and/or thrusting in the group (see Hinchey, 2014) and, when
combined with the regional structural and geophysical rela-
tionships, provide evidence to argue that the stratigraphy is
more complex than apparent from a cursory examination of
the rocks.
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In common with other parts of the VLSG, the Long
Lake group contains a strongly developed penetrative fabric
expressed as a northeast-striking foliation. Foliation dip
directions vary from steeply northwest where the stratigra-
phy is upward facing, to steeply to the southeast where it is
overturned. This contrast in foliation attitude coincides with
variable stratigraphic facing directions in similar strati-
graphic successions, and can be linked to the folding
observed throughout the group. Detailed structural interpre-
tations in the group are hindered by the poor outcrop, but
local relationships, such as the foliation and stratigraphic
facing directions referred to above, in addition to geochem-
ical and geochronological data (see below), point to
polyphase deformation, conceptually illustrated by Hinchey
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Plate 1. A) Very fine-grained to aphyric, pink, flow-banded rhyolite; ‘lower stratigraphy’, B) fine-grained, massive and homo-
geneous feldspar phyric felsic volcanic; ‘lower stratigraphy’ (DDH LL-94-18; approximately 490 m depth), C) medium- to
coarse-grained blue-quartz-eye phyric felsic tuff; ‘upper stratigraphy’, D) blue-quartz-eye phyric felsic tuff; ‘upper stratig-
raphy’ (DDH LL-06-01; approximately 170 m depth). (Same as Plate 1 of Hinchey, 2014.)

(2014) as a series of early (D)) thrusts reoriented by open to
isoclinal F, folds. The rocks exhibit lower to middle green-
schist-facies metamorphism.

VMS MINERALIZATION

The Long Lake group hosts one known significant
VMS deposit, named the Long Lake main deposit, occurring
in the lower stratigraphic division, along with several VMS
occurrences located throughout the lower and upper strati-
graphic divisions (Figure 2). The geochronology results
reported herein are from the Long Lake main deposit.

The Long Lake main deposit is hosted by an intercalat-
ed sequence of felsic (Plate 1B) and mafic volcanic rocks,
within which are minor cherty, iron-rich exhalative sedi-
mentary rocks. The deposit consists of narrow (centimetre-
to metre-scale) intervals of barite-rich high-grade massive
sulphide dominated by sphalerite, chalcopyrite, galena and
pyrite. The felsic volcanic rocks in the stratigraphic footwall
are mainly fine-grained felsic tuff and aphyric to quartz-

phyric rhyolite that are intensely altered to mineral assem-
blages comprising variable amounts of sericite, pyrite, chlo-
rite, carbonate and quartz. The impact of recrystallization is
evident in the rhyolitic rocks as polycrystalline quartz, and
in the sulphide horizons as coarse-grained crystalline sul-
phide, having pyrite commonly overprinting other sulphide
minerals. The stratigraphic hanging wall is composed of
similar felsic volcanic rocks, but it is not intensely altered.

The deposit and its host rocks, along with early (D,)
thrusts and the concordant metamorphic foliation (S,) are
interpreted to have been isoclinally folded by subsequent
deformation, and mineralization occurs on both the north
and south limbs of a F, synform. This structural pattern is
supported by the geophysical (magnetic) signatures as well
as by the variations in foliation dip directions (see Figure 3
in Hinchey, 2014). These patterns in the vicinity of the Long
Lake deposit are suggestive of a series of tight, locally
southeasterly overturned, asymmetrical folds occurring
between the southern tip of Costigan Lake and the south-
eastern margin of the Long Lake group (see Figure 3 in
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Figure 3. 4) U-Pb concordia diagram showing the isotopic
results of zircons analyzed from the Long Lake felsic vol-
canic sample JHC-12-027 by SHRIMP II techniques. B)
U-Pb concordia diagram showing the isotopic results
derived from analysis of four zircons from the Long Lake
felsic volcanic sample JHC-12-027 by the ID-TIMS method.

Hinchey, 2014). The strong structural overprint on the
deposit explains the attenuated and recrystallized nature of
the sulphides and possibly the shape of some of the basalt
lenticles. The interpretation of tight, overturned asymmetri-
cal folding is also favored by the repetition and observed
polarity of lithogeochemical alteration signatures in dia-
mond-drill core. Additional mineralized zones have been
discovered in the lower stratigraphic division to the north-
east and east-southeast of the main deposit, and these poten-
tially also represent fold repetitions of the main mineralized
zone (Noranda, 1998).

The currently defined resource for the Long Lake main
deposit is 407 000 tonnes of indicated reserves with grades
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of 7.82% Zn, 1.58% Pb, 0.97% Cu, 49 g/t Ag, and 0.57 g/t
Au, and an additional 78 000 tonnes of similar grade
inferred resources (Keller and Bernier, 2012).

LITHOGEOCHEMISTRY

Hinchey (2014) provided detailed interpretations of
lithogeochemical results from all felsic volcanic rocks in the
Long Lake group, and all lithogeochemical data from this
project were released in an open-file report by Hinchey
(2015). The geochemical results supported field observa-
tions indicating that the felsic volcanic rocks could be divid-
ed into two stratigraphic sequences, termed the ‘lower
stratigraphy’ (that hosts the Long Lake main deposit), and
‘upper stratigraphy’ (Figure 2). A summary of the lithogeo-
chemical and Sm—Nd isotopic features of the two strati-
graphic sequences is given below and the reader is referred
to Hinchey (2014, 2015) for data tables and geochemical
plots.

The ‘lower stratigraphy’ felsic volcanic rocks have lith-
ogeochemical signatures dominated by high Zr/TiO, and
low Nb/Y, which when plotted on a discrimination diagram
of Pearce (1996), are suggestive of a subalkaline affinity.
Concentrations of the HFSE (e.g., Zr, Hf, Y, Nb) are high
and characterize the felsic volcanic rocks as ocean-ridge-
type rocks on commonly used HFSE diagrams. Primitive
mantle normalized plots are characterized by weak LREE
enrichments, prominent negative Nb and Ti anomalies, and
moderately positive Zr and Hf anomalies. On the La/Yby vs
Yby plot of Lesher et al. (1986) and Hart et al. (2004), the
rocks plot in the field for FIII felsic rocks, i.e., interpreted to
have formed in association with high-level magma cham-
bers at shallow crustal levels in rift associated environments.
The Sm—Nd isotopic compositions from the ‘lower stratig-
raphy’ felsic volcanic rocks range from €Nds,, values of
+4.27 to +6.19, indicative of a relatively juvenile source.

Although the felsic volcanic rocks from the ‘upper
stratigraphy’ also display low Nb/Y values, classifying them
as having subalkaline affinity on a modified Zr/TiO, vs
Nb/Y discrimination diagram of Pearce (1996), the Zr/TiO,
values are much lower and plot close to the andesite-basalt
boundary. Concentrations of the HFSE (e.g., Zr, Hf, Y, Nb)
are relatively low compared to felsic volcanic rocks from the
‘lower stratigraphy’, and characterize the felsic volcanic
rocks as volcanic arc (I-type) rocks on commonly used
HFSE diagrams. Primitive mantle normalized plots are char-
acterized by weak LREE enrichments, weakly developed
Nb and Ti anomalies, and variably weakly developed posi-
tive Zr and Hf anomalies. On the La/Yby vs Yby plot of
Lesher et al. (1986) and Hart et al. (2004), the rocks plot in
the field for FIV felsic rocks, i.e., interpreted to have formed
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in association with high-level magma chambers at shallow
crustal levels with similar P-T conditions as described for
FIII felsic rocks, but with a more depleted source. The
Sm-Nd isotopic compositions from the ‘upper stratigraphy’
felsic volcanic rocks range from €Nds,, values of +2.84 to
+3.58, a contrast with the ‘lower stratigraphy’ division, and
indicative of a more evolved source.

U-Pb ZIRCON GEOCHRONOLOGY
BACKGROUND

Prior to the present study, there was an U-Pb age deter-
mination for the entire Long Lake group, a felsic volcani-
clastic rock dated by ID-TIMS at 506 + 3 Ma (Zagorevski
et al., 2010; see Figure 2 for location) and considered to be
‘upper stratigraphy’ by Hinchey (2014). The age was inter-
preted by Zagorevski et al. (2010) to indicate the time of
formation of all the felsic volcanic rocks in the Long Lake

group.

The field work conducted during this study suggested
that there are at least two distinctive sequences of felsic vol-
canic rocks within the Long Lake group, and that these
might account for the previously inferred contrasts in
whole-rock lithogeochemistry (e.g., Noranda, 1998). Hence,
a sample was collected from the immediate footwall to the
Long Lake main (VMS) deposit to constrain the age of the
‘lower stratigraphy’, and the VMS mineralization.

Sample JHC-12-027 was collected from 575.1-598.5 m
in diamond-drill hole LL-94-018 from the Long Lake VMS
deposit. This rock yielded a small number of euhedral zircon
grains (Plate 2A), and initial data collected by SHRIMP
U-Pb methods revealed a single age population forming a
cluster of concordant, overlapping data points (Figure 3A).
The crystallization age of the rock was interpreted to be 511
+ 4 Ma. This age is within statistical error of the 506 + 3 Ma
age from the ‘upper stratigraphy’ (Zagorevski et al., 2010);
nevertheless, the difference was believed to be significant in
the context of local relationships. A second examination of
zircons from the rock that yielded the SHRIMP age of 511 +
4 Ma was undertaken using ID-TIMS techniques as an exer-
cise to improve the statistical precision of the foregoing age.
The methods and results of the TIMS study are presented
below.

U-Pb ID-TIMS GEOCHRONOLOGY

ANALYTICAL METHODS

The U-Pb ID-TIMS analysis was conducted at the

JHC-12-027 D A
710959 W B

JHC-12-027 B

710959

Annealed 48hrs
@1000"c i ; ,
. —
"N
!:3 =

r 200pm 1

Plate 2. A) Representative zircon grains from sample JHC-
12-027, B) annealed zircon grains from which a selection
were analyzed using ID-TIMS techniques.

Geochronology Laboratory of the Geological Survey of
Canada. Heavy mineral concentrates were prepared by stan-
dard crushing, grinding, Wilfley table, and heavy liquid sep-
aration techniques. Mineral separates were sorted by mag-
netic susceptibility using a Frantz™ isodynamic separator
and hand-picked using a binocular microscope. Analyses
were carried out on single zircon grains that were chemical-
ly abraded following the techniques of Mattinson (2005),
including annealing for 48 hours at 1000°C prior to leaching
with HF at 180°C for 16 hours. Details of zircon morpholo-
gy and quality are summarized in Table 1 and representative
grains are illustrated in Plate 2B. The U-Pb ID-TIMS tech-
niques utilized in this study are modified after Parrish et al.
(1987), with treatment of analytical errors following Rod-
dick (1987).
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The zircon grains extracted from the Long Lake deposit

felsic volcanic sample are predominantly euhedral, prismat-
ic, and range in size from 75 to 200 pm, with most in the
100-150 pum range (Plate 2A, B). Many of the zircon grains
are fractured and most contain inclusions and CL-SEM

images reveal well-defined growth zoning (Plate 3). Some

RESULTS

of the grains appear to have core-rim relationships in BSE

and CL-SEM images (Plate 3).

The results of the U-Pb ID-TIMS analysis of the sepa-
rated zircon grains are presented in Table 1, where errors on
the ages are reported at the 2c level. All four analyses points

are concordant to near-concordant on the concordia plot
(Figure 3B). A weighted average of the ***Pb/**U ages of the

three most concordant analyses (A16-2, A16-4, A16-5) is

calculated to be 514.1 + 0.8 Ma (MSWD = 0.68). This age
is 3 Ma older than that derived from the SHRIMP data, and

is considered to be a reliable age for the ‘lower stratigraphy’

volcanism.

DISCUSSION AND CONCLUSIONS

The U-Pb dates and lithogeochemical data presented by

Hinchey (2014) and in this paper lead to two main conclu-
sions that have implications for modelling the tectonomag-

matic conditions during VMS formation.
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images of representative zircons from the felsic volcanic

Plate 3. Back scattered electron (BSE; left) and cathodolu-
sample JHC-12-027.

minescence-scanning electron microscope (CL-SEM, right)
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Figure 4. Summary of ages for the VLSG subdivided by lithostratigraphic group. Data sources: (a) Zagorevski et al., 2007;
(b) Hinchey and McNicoll, 2009, (c) G.R. Dunning, personal communication, 2008, (d) current study, (e) Zagorevski et al.,

2010; (f) McNicoll et al., 2010; (g) Dunning et al., 1991.

First, the new U—PDb results show that the felsic volcanic
rocks included within the Long Lake group actually com-
prise sequences of at least two ages, namely 514 + 0.8 Ma
(this study) and 506 + 3 Ma (Zagorevski ef al., 2010). As a
first order conclusion, based on the geographical location of
the dated samples and the interpreted structural history of
the area, these ages dispel the long-held belief that the
VLSG represents a pattern of simple age progression in
which the rock units become younger to the west. Rather,
the results, when taken in association with geochemical and
structural interpretations (see Hinchey, 2014), point to a
more complex tectonic regime of thrusting and folding that
affected the Long Lake group rocks, and potentially the
entire VLSG. The identification of the two temporally dis-
tinct, yet locally superficially similar, felsic rock lithological
sequences also highlights the difficulty in recognizing intri-
cate internal structural modifications in the poorly exposed

group, and may have important implications for analogous
structural complications in the VLSG.

Second, the new age from the Long Lake deposit con-
strains the timing of VMS formation and indicates that the
formation of the Long Lake deposit is more similar in age to
the VMS systems in the Tally Pond group rather than those
associated with the Tulks and Pats Pond groups (Figure 4).
Correlation with the Tally Pond group is supported by the
fact that the host rocks to VMS deposits in the Tally Pond
and Long Lake groups are composed of bimodal volcanic
rocks, whereas the host to VMS deposits in the Tulks and
Pats Pond groups’ is dominated by felsic volcanic and vol-
caniclastic rocks. This similarity may also suggest an origi-
nal spatial proximity of the host rocks to the Long Lake
deposit with the rocks of the Tally Pond group at the time of
formation, potentially having implications for the modelling
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of the progressive tectonic events involved in the develop-
ment of the VLSG.

The two stratigraphic divisions identified herein for the
Long Lake group display immobile element lithogeochemi-
cal signatures commonly interpreted to be associated with
rocks formed in a continental arc environment (e.g., nega-
tive Nb—Ti anomalies). However, the variable HFSE and
epsilon Nd signatures, in conjunction with FIII and FIV rhy-
olite signatures, indicate some complexities with the relative
tectonic environment of formation for the divisions. Where-
as the Long Lake group (‘lower’ and ‘upper’ stratigraphic
divisions combined) display continuous fractionation
sequences from basalt, through andesite, and rhyolite, the
rocks hosting the VMS deposit (‘lower stratigraphy’) are
largely bimodal; similar to those associated with VMS
deposits in the Tally Pond group to the east (see Piercey et
al., 2014). Additionally, the ‘lower stratigraphy’ felsic rocks
that host the VMS deposit display relatively juvenile
Sm—Nd isotopic signatures when compared to the signatures
from the ‘upper stratigraphy’ felsic rocks. These geochemi-
cal characteristics suggest that while a continental arc envi-
ronment may be consistent with the overall data presented,
the ‘lower stratigraphy’ felsic volcanic rocks display charac-
teristics more indicative of formation within a continental
rifted arc, with the change from convergent to extensional
tectonic regimes potentially corresponding with the differ-
ent times of formation identified for the two stratigraphic
divisions outlined herein. Similar interpretations regarding
tectonomagmatic conditions within the VLSG were argued
by Zagorevski et al. (2010), who suggested that the overall
Penobscot—Victoria arc was experiencing extensional tec-
tonics including periodic rifting during the Cambrian—
Ordovician, and by Piercey et al. (2014) who argued a con-
tinental rifted arc tectonic environment for the development
of the Boundary VMS deposit in the Tally Pond group to the
east. Franklin ez al. (2005) suggested that such rifting with-
in continental arcs is an important condition for formation of
VMS deposits in bimodal felsic environments. The rifting
allows for the emplacement of co-genetic intrusions at shal-
low to mid-crustal levels (i.e., associated with FIIT to F1V
rhyolites), which can potentially result in heat-induced
hydrothermal convection cell systems and related reactions
leading to the leaching, and potential eventual discharge and
trapping of metals to form a VMS deposit. Hence, the iden-
tification of volcanic rocks that were formed through exten-
sional tectonic processes with periodic rifting is an impor-
tant aspect in the exploration for additional VMS deposits in
the VLSG.

As discussed by Hinchey (2014), certain lithogeochem-
ical characteristics of the “upper stratigraphy’ of the Long
Lake group including lower HFSE and REE concentrations,
lower Ti/Sc and higher Sc/Nb signatures compared to those
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from the ‘lower stratigraphy’ could alternatively be inter-
preted to indicate that the ‘upper stratigraphy’ felsic rocks
were derived from partial melting of a more mafic and
‘juvenile’ source compared with that of the ‘lower stratigra-
phy’. However, this interpretation is at odds with the pro-
posed rift-related model, and Sm—Nd isotope systematics
described above. Additional information on the influences
of crustal assimilation and contamination processes of the
two rock divisions would be required to provide further
interpretations on these apparently contradictory data.
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