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ABSTRACT

The volcanic rocks of the Tally Pond area are the most economically important part of the Victoria Lake supergroup, and
host the productive Duck Pond and Boundary VMS deposits, as well as numerous other prospects. This report summarizes
new U-Pb geochronological data that add to our understanding of this structurally complex area, but which also raise some
new questions and complications.

Geochronological results indicate that the volcanic rocks in this area include sequences of Precambrian (~565 Ma), Cam-
brian (~515 to 509 Ma) and Silurian (~422 Ma) age, and that previously identified Precambrian volcanic rocks (Sandy Brook
group) are likely of regional extent. The Cambrian volcanic rocks (Tally Pond Group) appear to be the most abundant, but it
remains difficult to delineate the precise extent of each package within this poorly exposed area. Polymetallic VMS mineral-
ization is present in both Precambrian and Cambrian volcanic sequences, but the largest known deposits are hosted by the
latter. However, at least three interesting VMS prospects are suspected to be hosted by Precambrian volcanic sequences, sug-
gesting that these rocks have wider potential for discovery. The Silurian volcanic rocks lie in the easternmost part of the study
area, and likely correlate with the adjacent Stony Lake group. These rocks are likely of subaerial character, and thus have lit-
tle potential for VMS mineralization.

New age determinations from the Duck Pond mine area reveal that the Duck Pond and Boundary VMS deposits are
coeval, possibly representing structurally displaced portions of a much larger mineralizing system developed at ~509 Ma. The
unaltered volcanic rocks that structurally overlie the ore horizon yield slightly older (514—513 Ma) ages, suggesting that an
important fault separating mineralized and unmineralized sequences may have originally been a thrust, despite later normal
motions. Hypabyssal intrusive rocks in the Duck Pond area appear to be essentially synvolcanic in timing, and thus do not
provide useful constraints on the timing of fault motions. Late Precambrian inheritance in some Cambrian volcanic rocks sug-
gests that the younger island arc developed upon late Precambrian crust, rather than in a purely intra-oceanic setting.

INTRODUCTION

The official opening of the Duck Pond mine in May
2007 brought over thirty years of mineral exploration in the
Tally Pond area to fruition. This area lies within the Exploits
Subzone of the Dunnage Zone (Williams et al., 1988; Figure
1), rather than the Notre Dame Subzone of the Dunnage
Zone, which has traditionally been the main focus of explo-
ration for VMS deposits. The host rocks to the Duck Pond
deposit form part of the Victoria Lake supergroup, which is

now the focus of systematic exploration, and also part of the
area investigated by the Geological Survey of Canada as
part of the Targeted Geoscience Initiative (TGI) Red Indian
Line project (e.g., Rogers and van Staal, 2002; Zagorevski
et al., 2003; Rogers et al., 2006). The metallogeny of the
Victoria Lake supergroup was investigated previously
(Kean and Evans, 2002; Moore, 2003; Squires and Moore,
2004) and is ongoing (e.g., Hinchey, 2007, this volume).
Uranium-lead zircon geochronology is an important aspect
of both regional mapping and mineral deposit studies.
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This paper reviews important new U-Pb geochronolog-
ical data from rocks that are closely associated with the min-
eralization at the Duck Pond mine, and elsewhere in the
Tally Pond area. Squires and Moore (2004) provided an ini-
tial discussion of some of these results that has been refer-
enced elsewhere (e.g., Rogers ef al., 2006). This report now
provides the complete data, additional unpublished ages,
and more detailed discussion of all results. In summary, the
new dates constrain the timing of VMS mineralization at
Duck Pond, and demonstrate that late Precambrian volcanic
rocks previously identified in the area also host VMS min-
eralization. The results also demonstrate that some volcanic
rocks previously thought of as Cambrian are in fact Silurian.
Inherited zircon populations in the younger volcanic rocks
demonstrate that late Precambrian suites likely formed an
older substrate to Cambrian volcanic rocks, and suggest that
the latter did not develop in a truly ensimatic environment.

REGIONAL GEOLOGICAL AND
METALLOGENIC FRAMEWORK

The Victoria Lake Group (Figure 1) was defined initial-
ly by Kean (1977) and Kean et al. (1981), and subsequently
informally assigned supergroup status by Evans and Kean
(2002). It is presently defined as including all pre-Carado-
cian (i.e., >450 Ma) rocks located between the Red Indian
Line and the Silurian Rogerson Lake Conglomerate (Figure
1). The Victoria Lake supergroup is traditionally divided
into two large volcanic packages (the Tally Pond volcanic
belt and Tulks volcanic belt; Kean and Jayasinghe, 1980),
that sit within a wider area dominated by volcaniclastic sed-
imentary rocks (Figure 1). The area also includes intrusive
rocks, ranging in composition from granite to gabbro, and
not all of these are reliably dated. However, at least two
granitoid suites are late Precambrian (565-563 Ma; Evans et
al., 1990), and are probably fault-bounded inliers of older
basement, considered to represent part of the crustal block
termed "Ganderia" by van Staal ef al., (1998) and Rogers et
al. (2006). It has long been suspected that the Victoria Lake
supergroup is a composite entity, but poor exposure and a
paucity of geochronological data prevented further subdivi-
sion of the volcanic belts. Recently, Rogers and van Staal
(2002) suggested a revised framework on the basis of exist-
ing geochronological data and new U-Pb results (e.g.,
Zagorevski et al., 2003); however, some of the data upon
which this is based remain unpublished.

As part of this process, the Tally Pond volcanic belt was
redefined at a group level, and assigned a Cambrian age
(after Dunning et al., 1991). The sedimentary rocks that
adjoin the Tally Pond group were assigned to the newly
defined Noel Paul's Brook and Wigwam Brook groups, and
considered to be of Arenig to Caradocian age (~490 to 450
Ma). Other subdivisions of the Victoria Lake supergroup are

not discussed here, and readers are referred to Rogers and
van Staal (2002) for detailed information. This paper uses
"Tally Pond group" in the same sense as these workers, i.e.,
to include rocks of Cambrian age. Figure 1 also illustrates
the probable extent of Precambrian rocks that are now
assigned to the Sandy Brook group (see discussion below),
and also indicates the other subdivisions of the Victoria
Lake supergroup and adjacent areas proposed by Rogers and
van Staal (2002).

There has long been a suspicion that the Tally Pond area
might contain rocks older than Cambrian. A U-Pb zircon
laser-ablation pilot study yielded a late Precambrian age
(~572 Ma) for a mafic dyke that apparently cut felsic vol-
canic rocks (Wilton et al., 2003). Rogers et al. (2006) sub-
sequently obtained a ~563 Ma age directly from felsic vol-
canic rocks in the same general area (Figures 1 and 2). They
redefined these rocks, and suggested correlatives defined by
geochemical data, as the Sandy Brook group (broadly equiv-
alent to the Sandy Lake sequence of previous workers).
However, the precise extent of these older rocks versus their
younger counterparts in the Tally Pond group remains prob-
lematic, due to poor outcrop and some overlap in their geo-
chemical signatures.

The regional metallogeny of the Victoria Lake super-
group has been discussed elsewhere (Kean and Evans, 1988;
Evans and Kean, 2002; Hinchey, 2007), and mineralization
in the Tally Pond area was reviewed by Kean (1985), and
more recently by Moore (2003) and Squires and Moore
(2004). The economically important Duck Pond deposits are
known to be associated regionally with felsic volcanic rocks
of Late Cambrian age (Evans et al., 1990; Dunning et al.,
1991; Squires and Moore, 2004; Rogers et al., 2006; Figure
2). In the western part of the Tally Pond group, a similar
Late Cambrian age was obtained from felsic volcanic rocks
(Dunning et al., 1991), implying that VMS mineralization at
the nearby Lemarchant prospect is also of this age (Figure
2). However, northeast of the Duck Pond deposit, poly-
metallic mineralization at the Burnt Pond prospect is hosted
by felsic volcanic rocks, that are along strike from the late
Precambrian rhyolites of the Sandy Brook group (Rogers et
al., 2006; Figure 2).

Geochronological studies summarized here were initi-
ated in 2002 and 2003 to examine the Duck Pond deposit
footwall and hanging-wall volcanic sequences in more
detail, and to establish if the host rocks to the Burnt Pond
prospect are also of Precambrian age.

GEOLOGY AND MINERALIZATION

The volcanic and sedimentary rocks of the Tally Pond
area are mostly covered by surficial deposits, and map pat-
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Figure 2. The geology of the Tally Pond area, showing all pertinent geochronological data and the locations of VMS deposits
and prospects discussed in this report; modified after Squires and Hinchey (2006), and Rogers et al. (2005a and b, 2006).

terns are not well-constrained. Figure 2 is a combination of
the 1:100 000 scale compilation of Squires and Hinchey
(2006), in part, from industry data, and more generalized
maps by Rogers ef al. (2005a and b, 2006), notably at the
northeastern and southwestern ends of the map area. The
stratigraphic terminology below follows Rogers et al.
(2006).

SANDY BROOK GROUP

The Sandy Brook group lies along the southeast edge of
the Victoria Lake supergroup in the Tally Pond area, mostly
south of the ca. 563 Ma Crippleback Lake intrusive suite
(Figure 2). A thin belt of Sandy Brook group is postulated
between Lake Ambrose and Quinn Lake (Figure 2), on the
basis of geochemical correlations (Squires and Hinchey,
2006; Rogers et al., 2005b). The Sandy Brook group is
unconformably overlain by the Rogerson Lake Conglomer-
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ate to the south, and is in presumed tectonic contact with the
younger Tally Pond group to the north. The Sandy Brook
group consists of pillowed to massive basalts, mafic tuffs,
andesitic flows, siliceous quartz-porphyritic rhyolites and
subvolcanic intrusive rocks of similar compositions. It is a
bimodal assemblage with evolved, REE-enriched felsic
rocks, and has Nd between -3.2 and -5.2 at t=560 Ma, sug-
gesting that even older continental crust contributed to the
magmas. The basalts include two groups corresponding to
island-arc tholeiite (+ depleted-arc tholeiite) and continen-
tal-arc calcalkaline basalt (Rogers et al., 2006).

THE BURNT POND Zn-Pb-Ag-Au PROSPECT

The most important VMS prospect within the Sandy
Brook group is at Burnt Pond, some 12 km northeast of
Tally Pond (Figure 2; described by Moore, 2003; Squires
and Moore, 2004). Mineralization is hosted within complex
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metavolcanic rocks, adjacent to deformed granitoid rocks
correlated with the Crippleback Lake intrusive suite. This
was initially discovered and drilled by Noranda Exploration
in the 1970s and 1980s, but results at the time suggested that
grades were subeconomic; however recent exploration work
suggests better grades along strike, up to 0.8% Cu, 24% Pb,
26% Zn, 791 g/t Ag and 1.6 g/t Au over 0.37 m (Moore,
2003). The host quartz-phyric felsic tuffs and lesser sedi-
mentary rocks are separated from a hanging-wall sedimen-
tary sequence by a fault zone, and the host rocks are
deformed and overturned (Squires and Moore, 2004). A
mafic sill within the host sequence appears little-deformed
by comparison with the adjacent rocks, although its contact
relationships are uncertain due to shearing in the wall rocks.
The absence of sulphides in the mafic sill could be taken as
an indication that it postdates the mineralization, but it could
also have been inserted tectonically. A sample from this
mafic sill yielded the late Precambrian laser-ablation ICP-
MS U-Pb age obtained by Wilton ef al. (2003) but, because
of the uncertainty in relationships, this did not necessarily
indicate an older age for the felsic rocks. However, it raised
the possibility that the host rocks to mineralization are sub-
stantially older than those at the Duck Pond or Boundary
deposits (see below). The felsic tuff that actually contains
the mineralized zone was thus sampled for U-Pb
geochronology; the location of the sample analyzed in this
study is indicated in Figure 2.

TALLY POND GROUP

The Tally Pond group is a bimodal volcanic assem-
blage. The Lake Ambrose formation, defined by Rogers et
al. (2006), corresponds to the "Lake Ambrose basalts" of
Dunning et al. (1991) and the unnamed mafic volcanic rocks
of earlier workers (Kean, 1977; Kean and Jayasinghe,
1980). It comprises massive to locally pillowed tholeiitic
basalt, associated with tuff, pillow breccia, andesites and
minor sedimentary rocks. The formation is generally unmin-
eralized and not altered. Previously unnamed felsic rocks
were termed the Bindons Pond formation by Rogers et al.
(2006), and comprise aphyric to massive or flow-banded
dacite, rhyolite, felsic tuff, breccia, volcaniclastic sedimen-
tary rocks and quartz-feldspar porphyry. The Bindons Pond
formation is hydrothermally altered on a wide scale, and it
hosts sulphide mineralization. The locations of import ant
prospects, including the recent LeMarchant discovery, by
Paragon Minerals, are shown in Figure 2. Rogers et al.
(2006) suggest that the Bindons Pond formation stratigraph-
ically overlies the Lake Ambrose formation, although this is
difficult to prove. The complex map pattern (Figure 2)
implies structural repetition, or that more than one felsic for-
mation is present, and exploration drilling shows that mafic
and felsic rocks are intercalated on all scales. At the Duck
Pond deposit, unmineralized mafic and felsic rocks sit struc-

turally above the mineralized felsic sequence (Squires ef al.,
1991, 2001; see later discussion). Mafic volcanic rocks of
the Tally Pond group are broadly arc-related tholeiites; both
mafic and felsic sequences partly overlap, in composition,
the rocks of the Sandy Brook group (Rogers ef al., 20006).
However, the Tally Pond group has epngq of 1.8 to 3.1 at

t=511 Ma, and thus had more primitive sources than the
Sandy Brook group (Rogers et al., 2006).

DUCK POND AND BOUNDARY Cu-Zn-Ag-Au
DEPOSITS

The Duck Pond and Boundary deposits contain com-
bined reserves of about 4.1 Mt at ~3.3% Cu, 5.7% Zn, 0.9%
Pb, 59 g/t Ag and 0.9 g/t Au (Aur Resources, 2007). The
near-surface Boundary Deposit was discovered in 1980, and
the much larger Duck Pond Deposit was discovered 5 years
later; most of the reserves and resources are at Duck Pond,
which commenced production (from underground) in early
2007. The Boundary Deposit is scheduled to be mined as an
open-pit operation in the last year of production.

The Duck Pond Deposit is described in detail elsewhere
(Squires et al., 1991, 2001; Moore, 2003; Squires and
Moore, 2004), and is merely summarized here, using a
SW-NE cross-section through the deposit (Figure 3, after
Squires and Moore, 2004) that illustrates essential geologi-
cal relationships. There are at least three discrete sulphide
lenses, but these are thought to have originally formed a sin-
gle body, prior to disruption by faults. The ore is hosted by
altered felsic volcanic, pyroclastic and volcaniclastic rocks
that are termed the Mineralized Block. These rocks are jux-
taposed against an upper panel of unmineralized rocks,
termed the Upper Block, by a prominent fault zone.
Although displacements across it suggest normal motion,
this fault is known as the Duck Pond thrust (Squires ef al.,
1991, 2001). The fault zone is discordant with the stratigra-
phy, and includes tectonic lozenges of graphitic sedimenta-
ry rocks that are correlated with a thin sequence of incom-
petent graphitic sedimentary rocks northeast of the ore
zones (Figure 3). This sedimentary interval appears to be
conformable above altered felsic rocks on a local scale in the
northeastern part of the deposit, and it locally hosts exhala-
tive-style mineralization and ore-bearing debris flows (the
Serendipity showing; Figure 3). The presence of graphitic
lozenges within the Duck Pond thrust suggests that these
rocks have been dragged to the southwest, indicating at least
a latest normal motion. Splays of the Duck Pond thrust also
disrupt the ore zones, with a similar normal sense of motion.
The youngest rocks that are affected by the fault are subhor-
izontal gabbro sills that intrude the volcanic rocks of the
Upper Block (Figure 3). These rocks have distinct "within-
plate" geochemical signatures (Squires and Moore, 2004)
and are correlated with the Harpoon Hill gabbro (Figure 2),
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which was dated at 465 = 1 Ma (Pollock, 2004; see later dis-
cussion). Small-scale motion indicators within the Duck
Pond thrust indicate both reverse and normal motion, and a
study based on examination of drill core suggested that there
was probably an early episode of reverse motion (T. Calon,
personal communication to GS, 1987). These observations
form the basis for the present interpretation that the structure
originated as a thrust, but was subsequently reactivated as a
normal fault (Squires et al., 1991, 2001).

The massive sulphide zones at Duck Pond locally
exhibit spectacular banding that superficially resembles
bedding, but these ores are not viewed as truly exhalative in
origin. Squires et al. (1991, 2001) suggest that sulphides
replaced pre-existing, unconsolidated material in a sub-
seafloor environment, and, in places, faithfully mimicked
primary features. The venting of mineralizing fluids onto the
seafloor is suggested by the debris-flow mineralization in
rocks stratigraphically above the main ore lenses (the
Serendipity showing; Figure 3). The argillaceous sedimen-
tary rocks may have formed a less permeable "seal" that
trapped much of the fluid and promoted replacement of
more permeable units at depth (Squires et al., 2001). How-
ever, the mineralization is not epigenetic, as any time gap
between host-rock deposition and pervasive replacement is
geologically insignificant. A well-defined alteration pipe has
not been identified to date in the immediate footwall to the
deposit, but there is a zone of intense chloritic alteration
located to the northwest (not in the plane of Figure 3) that
may represent a structurally offset hydrothermal conduit
system.

The Boundary Deposit comprises three subcropping
lenses of massive sulphide mineralization. Both the miner-
alization and associated felsic volcanic host rocks are iden-
tical to counterparts at the main Duck Pond Deposit. The
sulphide zones at Boundary are associated with intense
chloritic alteration in their immediate footwall rocks
(Squires et al., 2001; Moore, 2003; Squires and Moore,
2004). Squires et al. (1991, 2001) suggested that the Bound-
ary sulphide mineralization and associated alteration is a
structurally disrupted portion of the same broad mineraliz-
ing system that hosts the main Duck Pond Deposit.
Although the later normal displacements of sulphide zones
observed at Duck Pond are relatively small, earlier disrup-
tions by thrusting may have involved more significant
motions.

Geochronological studies reported in this paper were
initiated to test ideas about the age of mineralization at Duck
Pond, to test age relationships between the unmineralized
Upper Block and the underlying mineralized block, and to
test postulated Duck Pond—Boundary correlations. The loca-
tions of samples are indicated in Figures 1 and 2, and indi-
vidual results are placed in context in Figure 3.

RHYOLITIC ROCKS OF THE PATCH VALLEY
AREA

The recognition that there could be Precambrian vol-
canic rocks in the Burnt Pond area raises questions about the
nature, age and affinity of felsic volcanic rocks that lie to the
east of these (Figure 1). In map sheet NTS 2D/11, these
rocks were included within the "Tally Pond formation" by
Colman-Sadd and Russell (1988) and have generally been
considered to be of Cambrian age; they were denoted as
such by Kean and Evans (2002). These rocks are bounded to
the east by fresh rhyolitic rocks of the Stony Lake group
(Colman-Sadd and Russell, 1988), for which a precise Sil-
urian age of 423 +3/-2 Ma was later obtained by Dunning et
al. (1990). Field examination of outcrops in the area known
as Patch Valley, in the northwestern corner of map sheet
NTS 2D/11, indicate that these rocks are rhyolites similar in
appearance to those at Miguel Hill, within the Stony Lake
group, and they are dissimilar to typical Tally Pond group
felsic rocks. A geochronological sample was collected to
resolve this question. The sample location lies outside the
area depicted in Figure 2, but it is indicated in Figure 1. Note
that the location shown on a previous summary map
(Squires and Moore, 2004) is about 1 km west of the actual
location, which lies about 500 m east of the boundary
between map sheets NTS 12A/09 and 2D/11. The coordi-
nates are listed in Table 1.

U-Pb ZIRCON GEOCHRONOLOGY
PREVIOUS RESULTS AND STUDY METHODS

Several previous geochronological studies are relevant
in the context of these new data; most localities and results
are indicated in Figure 2. Dunning (1986) initially obtained
identical 513 + 2 Ma U-Pb zircon ages from felsic volcanic
rocks near the Boundary Deposit, and near the LeMarchant
prospect, establishing the presence of Cambrian arc rocks in
lapetus (Dunning et al, 1991). Subsequently, Pollock
(2004) obtained a slightly younger U-Pb TIMS age of 509 +
1 Ma from altered felsic rocks sitting conformably above the
Boundary Deposit, which indicate the timing of mineraliza-
tion; this age was later reported by Rogers et al. (2006). As
discussed previously, Rogers ef al. (2006) confirmed a Pre-
cambrian age (563 £+ 2 Ma) for felsic volcanic rocks of their
Sandy Brook group about 8 km to the east of the Burnt Pond
prospect. Granitic rocks of the Crippleback Lake and Valen-
tine Lake intrusive suites were dated at 563 + 2 Ma and 565
+ 4 Ma, respectively (Evans et al., 1990; Figure 1), but the
full data for these remain unpublished. The dated locality for
the Valentine Lake intrusive suite lies outside the arca
depicted in Figure 2. Wilton et al. (2003) obtained a 572 + 4
Ma age from a mafic sill at Burnt Pond, using the laser-abla-
tion ICP-MS method. The youngest age from the Tally Pond
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area, prior to this study, was 465 = 1 Ma, from the large Har-
poon Hill gabbro pluton (Pollock, 2004; Figure 2). Most
previous data from the area were obtained using multigrain
TIMS methods, but our study involves a combination of
TIMS and microdomain SHRIMP analyses. The latter were
employed in cases where zircon yields were inadequate for
TIMS, and/or to better resolve issues related to inheritance.

With the exception of the rhyolite sample from Patch
Valley, all samples for this study consisted of split diamond-
drill core, sampled with the kind permission of Aur
Resources in the Duck Pond area. The sample from the
Burnt Pond area was collected from drill core archived by
the Department of Natural Resources, originally acquired by
Noranda. The UTM coordinates and/or depths of core inter-
vals for all samples are provided in the data tables. All
geochronological research, including preparation, was com-
pleted at the GSC geochronology laboratory in Ottawa,
Ontario, Canada. Processing, analysis and data treatment are
discussed in contract reports (McNicoll, 2003, 2004). U-Pb
TIMS analytical methods utilized in this study are described
by Parrish et al. (1987) with the treatment of analytical
errors after Roddick (1980) and regression analysis modi-
fied after York (1969). Uranium-lead SHRIMP II analyses
followed procedures described by Stern (1997) and Stern
and Amelin (2003). Concordia ages (Ludwig, 1998) are cac-
ulated for some of the samples presented herein. The ana-
lytical results are shown in Uranium-lead concordia dia-
grams in Figure 4 (TIMS analyses) and Figure 5 (SHRIMP
analyses), with 20 errors displayed. The TIMS data are pre-
sented in Table 1, and the SHRIMP data are presented in
Table 2.

RESULTS
Felsic Volcanic Host Rocks to the Burnt Pond Prospect

The analyzed sample (z7886) came from drillhole EO-
90-01 (drilled by Noranda Exploration) within the zone of
sulphide mineralization. This drillhole is on the same sec-
tion as drillhole BP-2001-03, where Wilton et al. (2003)
obtained their 572 + 4 Ma laser ablation age from a mafic
sill. The sample is a quartz crystal tuff, locally grading into
a rhyolitic breccia; from a lithological perspective, it is very
similar to samples dated from the Tally Pond group (see
below). The sample contained only a small amount of zir-
con, but the euhedral, prismatic grains were of high quality
and four multigrain fractions were analysed using TIMS
methods. The euhedral, prismatic morphology of the grains
argues against a xenocrystic origin. The upper intercept of a
linear regression of these anlyses (MSWD=0.36, anchored
at the origin) is 565 + 4 Ma, indicating crystallization during
the late Precambrian (Figure 4).

Duck Pond Deposit: Upper Block Samples

Three samples were analyzed from the Tally Pond
group in the "Upper Block" at the Duck Pond Deposit, with
the objective of understanding its original relationship to the
structurally underlying "Mineralized Block", and perhaps
constrain the age of displacements on the Duck Pond thrust
(Figure 3).

The first sample (z7528) came from drillhole DP-214,
located slightly more than 100 m above the composite Duck
Pond thrust (Figure 3). It is an unaltered, unmineralized fel-
sic extrusive rock interpreted as a porphyritic dacitic flow
(Squires and Moore, 2004). It provided a small amount of
zircon, and the morphology of grains was highly varied.
Such patterns indicate complex origins, and the zircons were
thus investigated using the SHRIMP technique. The
SHRIMP analyses revealed two distinct age populations
(Figure 5). Most of the grains are late Precambrian, giving a
weighted average **“Pb/”*U age of 573 + 4 Ma
(MSWD=0.28, n=8). The remaining grains have an average
*“Pb/>*U age of 514 + 7 Ma (MSWD=0.87, n=3). This latter
age resembles previous results from Tally Pond group felsic
rocks, but it does not necessarily date crystallization of this
rock. The felsic extrusive rocks in the Duck Pond-Boundary
area are notoriously deficient in zircon, and it is possible
that all the grains are xenocrysts. Nevertheless, 514 + 7 Ma
is a maximum age for this sample, and the ca. 573 Ma frac-
tion has to represent inherited material.

The second sample (z7827) was analyzed in an effort to
resolve the ambiguity of the 514 + Ma age from z7528. It
came from drillhole DP-214A, at a depth of ~ 213 m, much
closer to the Duck Pond thrust (Figure 3). Unlike the first
sample, it is a submarine pyroclastic rock — specifically, a
quartz-porphyritic dacitic lapilli tuff within a sequence of
mafic rocks. The sample provided a better yield of zircons
with euhedral morphology, including broken crystal tips.
The grains were amenable to TIMS methods (Figure 4). Of
the five multigrain fractions, discordant fraction Al likely
contains an inherited component. A linear regression of the
remaining fractions defines a lower intercept of 89 Ma, with
an upper intercept of 515 +6/-3 Ma (MSWD=1.06). A linear
regression excluding fraction B1, which is the most discor-
dant analysis and has a different morphology than the other
3 fractions, has an upper intercept age of 514 + 2 Ma
(MSWD=0.77, anchored at the origin). This age of 514 + 2
Ma is interpreted to record the crystallization age of the
sample, and it supports the result obtained from the rare
Cambrian zircons in the first sample.

The third sample (z7646) came from drillhole DP-116
at a depth of ~285 m, and is a quartz-feldspar porphyry that
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Figure 4. U-Pb concordia diagrams for samples analyzed using TIMS techniques. (a) felsic tuff, Burnt Pond prospect,; (b)
dacitic tuff, Duck Pond Deposit, Upper Block; (c) quartz-feldspar porphyry, Duck Pond Deposit, Upper Block, (d) mineral-
ized felsic tuff, Duck Pond Deposit, Mineralized Block; (e) Mineralized quartz-porphyritic dacitic dyke, Duck Pond Deposit,
Mineralized Block; (f) rhyolite, Patch Valley area. For discussion of individual samples, see text.
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appears to be discordant with the lithostratigraphy of the
Upper Block (Figure 3). This unit is affected by a splay of
the Duck Pond thrust at its northeast end, but lacks the
strong deformation seen in adjacent felsic flows and tuffs.
The sample contained abundant zircon, mostly of well-
faceted, prismatic morphology. One fraction was concor-
dant, but the remainder show minor Pb loss. A weighted
average of the *’Pb/**Pb ages is 512 +2 Ma (MSWD=0.4,
n=5), which is interpreted to record the crystallization of the
rock (Figure 4). The slightly younger age compared to the
first two samples is consistent with the geological relation-
ships inferred from drilling (Figure 3), but the ages do over-
lap within respective errors.

In an attempt to better constrain motions on the Duck
Pond thrust, two attempts were made to date the gabbroic
rocks that cut the lithostratigraphy of the Upper Block (Fig-
ure 3). A sample from the upper part of drillhole DP-116
(Figure 3) failed to yield any zircon, but a sample collected

Z7828 (drillhole DP-168): Quartz phyric dacitic lapilli tuff

620 _

(b) Duck Pond Deposit
Mineralized Block

0.095

o 540 _ 17.1: Inherited
& i e (ca. 563 Ma)
~ 0.085 ———

o v,

< 1/ '/‘;’ j

& %“J?j_«{{///y)

N—————

N\

Concordia age = 508.7 + 3.3 Ma

0.075

SHRIMP data
! ! !
05 06 07 0.8

207P / 235U

0.06!

Figure 5. U-Pb concordia diagrams for samples analyzed
by SHRIMP techniques. (a) dacitic flow, Duck Pond
Deposit, Upper Block; (b) mineralized felsic tuff, Duck
Pond Deposit, Mineralized Block; (c)rhyolite, Patch Valley
area. For discussion of individual samples, see text.

from drillhole DP-97 (not shown in Figure 3) yielded just 5
zircons, of which three appeared to be of xenocrystic origin.
The two faceted grains recovered were very small and were
not analyzed (McNicoll, 2003)

Duck Pond and Boundary Deposits: Mineralized Block
Samples

The rhyolites and dacites that host replacement-style
sulphide ores at Duck Pond were likely glassy at the time of
their formation, as evidenced by relict textures suggesting
perlitic fracturing and devitrification (Squires ef al., 2001),
and they are depleted in zirconium. This is not a good com-
bination of features for U-Pb geochronological studies, and
it is thus not surprising that the two samples collected ini-
tially from the immediate footwall sequences to the Duck
Pond and Boundary sulphide lenses were devoid of zircon
(McNicoll, 2003). Due to this problem, an attempt was
made to instead analyze a rock of pyroclastic origin, and
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obtain a maximum age from a hypabyssal intrusive rock that
was affected by alteration and mineralization.

A quartz-phyric dacitic lapilli tuff (z7828) was sampled
from drillhole DP-168, at a depth of ~250 m, where it rep-
resents weakly mineralized felsic host rocks within the main
Duck Pond orebody (Figure 3). The interval is considered to
represent part of the host sequence that escaped pervasive
replacement by sulphides. It contained a modest amount of
zircon, with consistent subhedral to euhedral morphology.
However, the TIMS analyses of four multigrain fractions are
variably discordant and an age cannot be calculated (Figure
4). The causes of discordancy could include inheritance or
lead loss, or (more likely) both effects. The sample was thus
also investigated using SHRIMP techniques. Most of the
SHRIMP data are concordant; a concordia age is calculated
to be 508.7 + 3.3 Ma (MSWD of concordance and equiva-
lence = 0.56, probability = 0.96), which is interpreted as the
crystallization age of the host rock (Figure 5). Although this
tuff was locally replaced by the sulphides, this process
occurred whilst it remained unconsolidated, and the result is
considered to indicate the timing of mineralization (after
Squires et al., 2001). A single SHRIMP analysis gave an age
of ca. 563 Ma, indicating inheritance in this sample; the
TIMS data (Figure 4) suggest that this is quite significant in
the wider population of grains.

A second sample (z7826) came from drillhole DP-
111A, at a depth of about 490 m, within the Mineralized
Block, but very close to a second fault (the Terminator fault)
beneath which unmineralized rocks equated with the Upper
Block occur (Figure 3). This is a quartz-porphyritic dacitic
dyke that contains disseminated sulphide mineralization
(Squires and Moore, 2004), and which cuts mineralized fel-
sic wall rocks. The sample contained moderate amounts of
zircon that have a stubby prismatic morphology, and were
amenable to TIMS analysis. Two fractions are nearly con-
cordant at ca. 514 Ma, but the other fractions show variable
discordance, suggestive of Pb loss (Figure 4). A linear
regression including analyses Al, B3 and B2 that is
anchored at the origin has an upper intercept age of 514 + 3
Ma (MSWD=1.47). This provides a maximum age for the
sulphide mineralization, but is within the wider error enve-
lope of the SHRIMP age from the tuff within the orebody.

Patch Valley Rhyolite

The outcrop sample of rhyolite from this area contained
abundant high-quality zircon, of varied but generally pris-
matic morphology. Two multigrain fractions (B1, C1) are
highly discordant, suggesting that they contain significant
inherited components, older than the late Precambrian mate-
rial identified in other samples. The remaining fractions plot
on or very close to concordia (Figure 4). A weighted aver-

age of the *Pb/*®U ages of the most concordant analyses
yields an age of 422 + 1 Ma. Some of the zircons contained
obvious cores, and therefore this sample was also investi-
gated using SHRIMP. The SHRIMP data define a cluster of
mostly concordant analyses, with a weighted average
2Pb/"U age of 423 + 3.5 Ma (Figure 5). The two oldest
SHRIMP analyses were excluded from this calculation as
they are interpreted to contain inherited components (Table
2). Combining both data sets, an age of 422 + 2 Ma is sug-
gested as the crystallization age for the rock. The age con-
firms that the rhyolites at this location are of Silurian age,
and cannot be assigned to either the Tally Pond group or the
Sandy Brook group.

DISCUSSION

The results summarized in this report support three
main findings. In conjunction with previous work, they con-
firm that the volcanic rocks of the Tally Pond area include
late Precambrian (~565 Ma), Cambrian (~514-509 Ma) and
Silurian (~422 Ma) sequences. As most of these ages come
from rocks associated with VMS mineralization, they sug-
gest that both Precambrian and Cambrian sequences have
potential for polymetallic Cu—Zn—Ag—Au deposits. Patterns
of zircon inheritance provide a link between Precambrian
and Cambrian volcanic rocks, which may be important in
understanding paleogeographic and tectonic reconstructions
for the Newfoundland Appalachians. The new results, and
relevant previous data, are summarized in Figure 6, which is
used below as a framework for further discussion.

PRECAMBRIAN VOLCANISM AND VMS MINER-
ALIZATION

The 565 + 4 Ma age from the Burnt Pond locality is
identical within error to the 563 + 2 Ma age obtained by
Rogers et al. (2006) from felsic rocks some 12 km to the
northeast (Figure 2), and indicates that late Precambrian vol-
canic rocks are regionally important. These ages also corre-
spond closely to those from the Valentine Lake and Cripple-
back Lake intrusive suites (563 + 2 Ma and 565 + 4 Ma,
respectively; Evans ef al., 1990). Late Precambrian crust is
clearly widespread within the Exploits Subzone of the Dun-
nage Zone, and includes both volcanic and plutonic suites.
The age also shows that the VMS mineralization at Burnt
Pond formed during the Precambrian, even though the style
of mineralization is similar to that seen within the Cambrian
Tally Pond group (see below). The Pittmans Pond prospect,
located some 3 km south of the Burnt Pond prospect (Figure
2), is likely also of late Precambrian age, as it is hosted by
equivalent rocks. Based on the correlations suggested by
Rogers et al. (2006) and Squires and Hinchey (2006), it is
suspected that the Spencer's Pond prospect, located south-
west of Lake Ambrose (Figure 2, description by Squires and
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Figure 6. Summary of U-Pb ages discussed in this report and previous age determinations from rocks within and around the
Tally Pond volcanic belt. Note that the Silurian rhyolite from the Patch Valley area, and the imprecise age from sample z7528,
are omitted from the figure for clarity. Sources for previous determinations: (a) Dunning et al., 1991, (b) Rogers et al., 2006;

(c) Evans et al., 1990; (d) Wilton et al., 2003.

Moore, 2004) is also late Precambrian, although this
remains to be proven by geochronology.

The distinction and delineation of late Precambrian and
Cambrian volcanic sequences within the belt remains a sig-
nificant problem, for it is impossible to date every rock.
However, trace-element geochemistry and Nd isotope signa-
tures have been suggested as tools for their separation
(Rogers et al., 2006), and largely define the distribution
shown in Figure 2. Although geochemical differences are
discernable, the volcanic rocks of the Sandy Brook and Tally
Pond groups do partly overlap in composition, and these
methods are difficult to apply on a sample level. It thus
remains possible that other rocks presently included within
the Tally Pond group could be of Precambrian age.
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THE AGE OF THE DUCK POND AND BOUNDARY
DEPOSITS

Volcanism in the Tally Pond group was known to be of
Late Cambrian (~513 Ma) age on the basis of previous data
(Dunning et al., 1991; Rogers et al., 2006). However, the
new geochronological results provide further constraints,
and may also indicate age differences between barren and
mineralized sequences (Figure 6). Crystallization ages of
extrusive, pyroclastic and intrusive rocks from the Tally
Pond group range from 515 Ma to 509 Ma, and the error
envelopes for many samples overlap (Figure 6), but there
appear to be two subpopulations amongst these samples.
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The felsic pyroclastic host rocks to the VMS mineral-
ization at the Duck Pond and Boundary sulphide deposits
have the youngest ages (509 + 3 Ma and 509 + 1 Ma, respec-
tively; latter age from Rogers ef al., 2006). The ages indicate
that these VMS deposits are coeval, and may represent the
same mineralizing system (but not necessarily the same ore-
body), that was disrupted by subsequent motions along
important faults. In contrast, the oldest ages (ca. 514 Ma)
come from unmineralized volcanic rocks in the structurally
overlying Upper Block. The errors for these ages and those
for the mineralized rocks do overlap at their younger and
older extremes, respectively, but the overlap is limited to 1
Ma or less, with the exception of the less precise SHRIMP
determination from sample z7528. This pattern suggests that
the samples from the Upper Block are probably older, which
supports the idea that the fault separating the Upper Block
and the Mineralized Block was originally a thrust, as sug-
gested previously on the basis of regional geology and kine-
matic indications (Squires et al, 1991, 2001). The term
Duck Pond thrust, first coined in the late 1980s, appears to
be an appropriate label for this important structure.

Interpretation of the ages from hypabyssal intrusive
rocks is more complicated. The mineralized dacitic dyke-
like unit from the footwall of the Duck Pond Deposit has an
age that is older than the ca. 509 Ma age from the mineral-
ized felsic tuffs, although the errors do overlap at their outer
limits. It is also within error of the ages obtained from the
Upper Block. It clearly provides a maximum age for the
mineralization, and also suggests that the aphyric felsic vol-
canic rocks that it intrudes are somewhat older than the min-
eralized horizon, which is consistent with their location in
the stratigraphy (Figure 3). The age is also closely similar to
ages previously obtained by Dunning et al. (1991) from fel-
sic volcanic rocks elsewhere within the Tally Pond group.

The 512 = 2 Ma age obtained from the crosscutting
quartz porphyry dyke in the Upper Block is also consistent
with its contact relationships, as its country rocks are dated
at ca. 514 Ma. As the dyke is affected by the Duck Pond
thrust, the 512 Ma age provides a maximum limit for
motions on this structure, but this constraint is not very
informative, because it is so close to the age obtained for the
host rocks to mineralization (Figure 6). The Duck Pond
thrust also cuts late gabbroic sills within the Upper Block;
although attempts to date these rocks were unsuccessful,
they are believed to correlate with the Harpoon Hill gabbro,
which was dated at 465 +1 Ma in another location (Pollock,
2004). If this is correct, it implies that motions on the fault
are Late Ordovician or post-Ordovician in timing.

It remains possible that the Duck Pond thrust had a long
and complex history, in which it started out as a synvolcanic
extensional fault, which was then converted to a thrust dur-

ing compressional orogenesis, and finally reverted to normal
motions at some later stage. Models for VMS mineralization
(e.g., Franklin ef al., 2005) commonly suggest that synvol-
canic fault systems focus hydrothermal discharge.

SILURIAN VOLCANIC ROCKS AND THEIR SIGNIF-
ICANCE

The 422 + 2 Ma age from the rhyolite in Patch Valley
argues against previous assignment of these rocks to the
"Tally Pond formation" by Colman-Sadd and Russell
(1988). The age suggests that subaerial felsic volcanic rocks
of the Stony Lake group are more widespread in this area
than previously supposed, and implies that the Tally Pond
group (as presently defined) occurs only to the northwest of
the Precambrian Sandy Brook group. Rogers ef al. (2005a)
indicate that the Sandy Brook group is bounded to the south-
east by Silurian sedimentary rocks in the largely unexposed
northeastern corner of map sheet NTS 12A/09, which con-
tinues into the area of the Patch Valley sample. The presence
of dated rhyolites in the adjacent map sheet suggests that
both sedimentary and volcanic rocks of Silurian age are
present throughout, but the poor outcrop precludes delin-
eation of these two components.

THE TECTONIC SETTING OF THE TALLY POND
GROUP

Previous geochronological results from the Cambrian
Tally Pond group (Evans et al., 1990; Dunning et al., 1991)
provided no hint of an older crustal component, and it was
concluded that these rocks formed in an intra-oceanic or
"ensimatic" island arc within lapetus (Dunning et al., 1991).
Such a conclusion is broadly consistent with the largely
tholeiitic geochemistry of mafic volcanic rocks. Data from
the Boundary Deposit (Pollock, 2004) also did not reveal
inherited zircon. The new results demonstrate that inherited
zircons are present in three samples from the Tally Pond
group, and the SHRIMP analyses from two of these directly
constrain the age of the older substrate from which these
were derived. Rhyolite from the unmineralized Upper Block
contains inherited 573 + 4 Ma zircons, and the host rocks to
mineralization at Duck Pond contained a single dated ca.
563 Ma zircon. The TIMS data for this latter sample (Figure
4) suggest that inheritance is more widespread than the sin-
gle SHRIMP analysis indicates. There is also an indication
of inheritance in the TIMS data from the dacitic tuff in the
Upper Block (sample z7827). The ages of these inherited
zircons in SHRIMP analyses resemble those from the Pre-
cambrian volcanic rocks dated in this study and by Rogers
et al. (2006), and those from nearby late Precambrian plu-
tonic suites (Evans et al., 1990). As pointed out initially by
Squires and Moore (2004), these inheritance patterns con-
firm that the Cambrian island arc represented by the Tally
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Pond group was built upon older substrate of late Precam-
brian plutonic and volcanic rocks, rather than being juxta-
posed against them by later faulting. Rogers et al. (2006)
suggested that trace-element patterns and Nd isotope varia-
tions within the Tally Pond group volcanic rocks were con-
sistent with this conclusion.

Neodymium isotope data from the Precambrian rocks in
this area (Kerr ef al., 1995; Rogers et al., 2006) suggest that
this late Precambrian crust also included older continental
material, and is, in part, distinct from rocks of equivalent
age in the "type" Avalon Zone. Such input is also suggested
by the radiogenic Pb compositions of sulphide minerals at
Duck Pond (Pollock and Wilton, 2004), and by the general-
ly more radiogenic Pb compositions of VMS deposits with-
in the Exploits Subzone compared to their counterparts in
the Notre Dame Subzone (Swinden and Thorpe, 1984).

There are indications also of inheritance in the data
from the Silurian Patch Valley rhyolite, for which two multi-
grain fractions had highly discordant analyses. This infer-
ence was not quantified further with the SHRIMP, but it
implies the presence of Mesoproterozoic or Paleoprotero-
zoic zircons, rather than the Neoproterozoic xenocrystic
material identified in the Tally Pond group samples.

CONCLUSIONS

Uranium—lead geochronological data summarized in
this report improve our understanding of the economically
important volcano-sedimentary rocks of the Tally Pond area,
and provide more precise age constraints on base-metal
deposits within them. The ~565 Ma age from mineralized
felsic rocks at Burnt Pond confirms the regional extent of
Precambrian volcanism, and indicates that these rocks have
potential for VMS mineralization. Several other prospects in
the belt, previously viewed as Cambrian, could also be host-
ed by these older volcanic sequences. New data from the
Cambrian host rocks to the Duck Pond Cu-Zn-Ag-Au
Deposit suggest that the mineralized horizon is one of the
youngest components of this sequence (~509 Ma), and that
it is coeval with the nearby Boundary Deposit. This supports
the idea that the two deposits are structurally disrupted seg-
ments of a much larger mineralizing system developed at
this time. Given the structural complexity of the area, it is
certainly possible that other sulphide orebodies remain to be
discovered in the subsurface.

The unmineralized and unaltered volcanic rocks of the
Upper Block at Duck Pond are slightly older (~514 Ma) than
the structurally underlying ore horizon (~509 Ma), although
there is some overlap in errors on these ages. The important
fault zone that separates mineralized and unmineralized
rocks may originally have been a thrust, even though the lat-
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est motions upon it are normal. Motions that disrupted the
composite Duck Pond—Boundary VMS system were per-
haps associated with the period of thrusting, but the exact
timing of this event remains unconstrained. The hypabyssal
felsic intrusive rocks in the mine area appear to be synvol-
canic, and thus do not provide clear timing constraints upon
fault motions. However, the truncation of late gabbroic sills
implies that motions postdate ca. 465 Ma, if the sills corre-
late with the dated Harpoon Hill gabbro.

Finally, the late Precambrian Sandy Brook group and
the Cambrian Tally Pond group are linked by patterns of zir-
con inheritance. The 565 to 563 Ma xenocrystic zircons in
some of the Cambrian volcanic rocks suggest that they were
formed upon an older "continental" substrate, and do not
represent an intra-oceanic arc.

The ca. 422 Ma age from a rhyolite located in the north-
eastern part of the Tally Pond area suggests that rocks in this
area that were previously assigned to the "Tally Pond for-
mation" are, instead, part of the adjacent Stony Lake group.
It now seems likely that the Cambrian Tally Pond group is
restricted to areas northwest of the Precambrian rocks of the
Sandy Brook group.
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