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ABSTRACT

This article reports U–Pb SHRIMP geochronological data from granitic rocks associated with W and Mo–Cu mineral-
ization in the Grey River and Granite Lake areas of southern Newfoundland. The Grey River area hosts a vein-style tungsten
deposit, and numerous minor base- and precious-metal bearing veins. A potentially large Mo–Cu deposit (Moly Brook) con-
sisting of sheeted mineralized quartz veins is now also defined by recent exploration activity. It has long been speculated that
this diverse metallogeny is genetically linked to a largely hidden younger intrusion. The granodioritic host rocks to the
Mo–Cu-bearing vein system gave an age of 411 ± 4 Ma, but fine-grained alaskitic granites that contain disseminated molyb-
denite gave a much younger age of 378 ± 4 Ma. Field evidence suggests a contemporaneous relationship between alaskitic
granites and the mineralized veins, indicating that veins also formed at ca. 378 Ma. Mineralization at Moly Brook thus post-
dates its immediate host rocks by >30 m.y., i.e., it is epigenetic. The age interpreted for alaskitic granites and mineralization
matches that obtained from the François Granite, a geochemically evolved pluton located about 20 km to the east. The age
also overlaps with ages from two other granitoid plutons associated with granophile mineralization in southern Newfound-
land. At Granite Lake, Mo-bearing veins are hosted by an equigranular biotite–muscovite granite that also contains dissem-
inated molybdenite, and locally displays intense advanced argillic alteration. The biotite–muscovite granite is thought to be
contemporaneous with mineralization. The U–Pb zircon data from the granite suggest an age of 388 ± 4 Ma, and indicate
inherited cores of both Silurian (427–417 Ma) and Paleoproterozoic age. If this also records the timing of mineralization, it
represents a slightly older episode of metallogenesis than that at Grey River. It is possible that there is a regional age varia-
tion amongst mineralized granites from northwest to southeast, but many more data are needed to confirm this hypothesis. 

INTRODUCTION

Several granites (s.l.) in southern Newfoundland (Fig-

ure 1) are thought to be linked to granophile-type mineral-

ization, including fluorite (F), molybdenum (Mo), tungsten

(W) and base metals (Pb, Zn ± Cu). The granites serve either

as direct hosts to disseminated mineralization, or are associ-

ated spatially with mineralized veins or replacement zones

in adjoining country rocks. It is commonly considered that

mineralization hosted in granites is syngenetic, but this is

not necessarily so, and it can be difficult to prove. Rhenium-

osmium geochrononology provides the only technique that

can directly date mineralization, and it is best applied to

molybdenite-bearing deposits, such as those in the Ackley

Granite area (e.g., Lynch et al., 2009; Figure 1). Hydrother-

mal alteration assemblages dominated by sheet silicates can

also be dated using Ar–Ar methods, but these systems are

more easily disturbed by later events, and there is often a

subjective link between such alteration and mineralization.

For these reasons, U–Pb zircon dating of associated granites

remains an important component of research on such

deposits. The ages of such suites are also of regional inter-

est because there are limited data on late-stage plutonic

events in the Newfoundland Appalachians.

This article reports U–Pb geochronological data from

granitic rocks associated with molybdenum mineralization

near Grey River on the south coast, and from the Granite

Lake area in south-central Newfoundland (Figure 1). The

study represents a contribution to a wider research project

on these and other granophile deposits in Newfoundland

emphasizing the Re–Os technique. Preliminary results from

this project are reported by Lynch et al. (2009, 2011a, b).

There were some previous geochronological studies in the

Grey River area (Higgins, 1985; Higgins et al., 1990), but

the results from the Granite Lake area are the first indica-

tions of the ages of magmatism. 
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REGIONAL GEOLOGICAL AND

METALLOGENIC FRAMEWORK

REGIONAL SETTING

South-central Newfoundland includes parts of the Aval-

on Zone and the Central Mobile Belt (Figure 1) of the

Appalachian Orogenic Belt. The prominent lineament of the

Hermitage Bay fault zone marks the western limit of the

Avalon Zone. To the east of this line, late Neoproterozoic

sedimentary, volcanic and plutonic rocks are preserved in

unmetamorphosed to sub-greenschist-facies condition.

However, these rocks were affected by folding during the

Devonian Acadian Orogeny, and are intruded by granitoid

rocks thought to be Devonian, although many remain undat-

ed. West of the Hermitage Bay fault zone, the south coast of

the Island is dominated by complex and multiphase grani-

toid rocks of both Silurian and Devonian age but local rem-

nants of a late Precambrian basement similar in age to the

Avalon Zone remain (Dunning and O’Brien, 1989). There

are also greenschist- and amphibolite-facies metasedimenta-

ry and metavolcanic rocks of probable Cambrian–Ordovi-

cian depositional age. The metasedimentary rocks are gen-

erally considered to be higher grade equivalents of the Gan-

der Group of northeast Newfoundland. The south coast of

Newfoundland was originally placed in the Gander Zone by

Williams (1979) but it was later suggested that it should

instead be considered an extension of the Avalon Zone (e.g.,

Dunning and O’Brien, 1989). Isotopic data from granites

suggest that it has a distinct older heritage (Kerr et al.,
1995), and this led to the current concept that it belongs to a

separate peri-Gondwanan microcontinental domain termed

‘Ganderia’, which underlies the eastern part of the Central

Mobile Belt (van Staal et al., 1998). The area around Gran-

ite Lake was always considered part of the Gander Zone,

and is dominated by granitic plutonic rocks (as the name

suggests), but also includes some older metasedimentary

rocks. 

GREY RIVER AREA

Local Geology 

The Grey River area consists of late Precambrian meta-

morphic rocks and Paleozoic granitoid rocks (Figures 1 and

2), separated by a prominent zone of deformation and shear-

ing (Figure 2). The Precambrian rocks (Grey River Enclave)

consist of orthogneisses, psammitic metasedimentary rocks,

and variably migmatized amphibolites; their complex evo-

lutionary history lies beyond the scope of this article, and

readers are referred to Blackwood (1985), Higgins et al.
(1990) and Dickson et al. (1996) for details. Paleozoic gran-

itoid rocks dominate the area to the north, and their internal

geology remains poorly known. The most abundant rocks

are coarse-grained, K-feldspar megacrystic biotite–horn-

blende granites, which are cut by finer grained leucocratic

granites. Both variants are locally foliated, and both are

affected by shearing along their boundary with the Precam-

brian rocks. Contact metamorphism of the latter was report-

ed adjacent to this zone implying an original intrusive rela-

tionship prior to deformation (Higgins et al., 1990). Unde-

formed, posttectonic plutonic rocks underlie a small area

near the mouth of Grey River (Figure 2). East of Grey River,

the François Granite (Figure 1) comprises two overlapping

ring-complexes, one of which (the eastern part) was dated at

378 ± 2 Ma (Kerr et al., 1993b). This is one of the most geo-

chemically evolved granites in Newfoundland (Dickson et
al., 1996), and is marked by prominent radiometric and geo-

chemical anomalies.

Mineralization

The Grey River area has been a focus for mineral explo-

ration since the discovery of vein-hosted tungsten mineral-

ization (Bahyrycz, 1956). These quartz–wolframite veins

were studied in detail by Higgins (1985) and were more

recently explored by Playfair Mining, who estimate a

resource of 0.85 million tonnes at 0.86 % WO3 (Playfair

Mining, www.playfairmining.com, viewed as of December

29, 2011). In the 1980s and 1990s, exploration focused on

gold and base-metal showings north of Grey River (Figure

2). Royal Oak Mines discovered molybdenite- and chal-

copyrite-bearing quartz veins in a brook, and these proved to

be regionally extensive (e.g., Mercer, 1996; Lendrum and

Mercer, 1997). The waterway in which the initial find was

made (by prospectors Bill and Hiram Barter of Grey River)

was christened ‘Moly Brook’. Some drilling was completed,

but the deposit was not evaluated in detail. Activity resumed

in 2007, after the area was staked by the Barter brothers and

optioned to Tenajon Resources. Systematic drilling outlined

an extensive mineralized sheeted-vein system hosted by gra-

nodioritic rocks, and similar vein-hosted mineralization was

also outlined in two locations south of the shear zone. A pre-

liminary resource estimate of 118 million tonnes at 0.063 %

Mo was announced in 2009, of which about three-quarters

falls into the indicated category (Tenajon Resources, Press

Release, May 5, 2009). Kerr et al. (2009) provide a review

of Mo and W deposits in Newfoundland, including informa-

tion available at the time on Moly Brook. Exploration activ-

ity for both tungsten and molybdenum has been limited

since 2010, and Tenajon Resources has since become part of

Creston Molybdenum Corporation. 

The Moly Brook deposit is hosted within variably foli-

ated, heterogeneous granitoid rocks (Figure 2). Mercer

(1996) termed the host unit the ‘Moly Brook stock’ and

described it as composite, ranging from diorite to syenite

and granite. This variation represents gradational (but local-
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ly abrupt) variations within a single unit of broadly granodi-

oritic composition (Kerr et al., 2009). The proportion of

phenocrysts varies widely on a scale of metres, and a cata-

clastic to protomylonitic fabric is locally developed. The

granodioritic host rocks display propylitic (chlorite±biotite)

alteration throughout the deposit area, upon which localized

potassic alteration is superimposed in areas of mineralized

veins. The potassic alteration is manifested by intense red-

dening of K-feldspar, and by discrete muscovite-rich zones

along vein margins. Differential (and sequential) alteration

is everywhere superimposed upon primary lithological vari-

ations within the host rocks, and the drillcore commonly has

a chaotic and disorganized appearance. 

Molybdenite and lesser chalcopyrite are essentially

restricted to quartz veins, occurring on their outer contacts

24

Figure 2. Simplified geological map of the Grey River area, southern Newfoundland, showing mineral occurrences, and the
locations of the Grey River (tungsten) deposit, and the Moly Brook (Mo–Cu) deposit. Modified after Higgins (1985), Black-
wood (1985) and Higgins et al. (1990).
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or along internal selvages. Individual quartz veins range in

width from <1 mm to 1 m, but most have widths between

0.5 and 5 cm. The Mo and Cu grades are essentially propor-

tional to the intensity of veining in a given core interval. In

trench exposures, veins are mostly oriented roughly

north–south, and dip steeply, although individual vein atti-

tudes are varied. Quartz veins are dominant, but there are

also pegmatitic and aplitic varieties containing feldspar and

muscovite, and late carbonate–sericite veins. Lynch et al.
(2011b) summarize the vein parageneses and fluid inclusion

results, which record a chronological progression from high-

er to lower temperatures. The discordant relationship

between individual quartz veins and locally cataclastic fab-

rics argue against any syngenetic link between the sulphides

and the immediate host rocks (Kerr et al., 2009).

A deep drillhole completed in 2008 (Hole MB-08-18)

intersected a distinct unit from about 435 m to its final depth

of about 496 m. The ‘Hole 18 granite’ is a fine-grained, pale-

pink, homogeneous alaskitic rock, containing minor mus-

covite (± chlorite). No sense of intrusion timing can be

gleaned from its upper contact in drillcore, but it is unde-

formed, and contains few mineralized quartz veins com-

pared to the dominant megacrystic host rocks. Hole MB-08-

18 terminated in this fine-grained granite and so the full

depth extent of this unit remains unknown. However, veins

of a similar alaskitic granite were observed to cut quartz

veins in some other deep drillholes (E. Lynch, personal com-

munication, 2009). The Hole 18 granite contains dissemi-

nated pyrite and lesser disseminated molybdenite, and minor

amounts of fluorite occur on fracture surfaces. It is consid-

ered to be a dyke-like satellite body from a subjacent pluton

that is genetically related to (and contemporaneous with) the

mineralization. The relative lack of mineralized quartz veins

in the Hole 18 granite suggests that it was emplaced late in

the evolution of the system, but that hydrothermal activity

continued after emplacement. Examples of the typical host

rocks to mineralization at Moly Brook, and the Hole 18

granite, are illustrated in Plate 1.

GRANITE LAKE AREA

Local Geology

Granite Lake is located some 80 km north of Grey

River, west of the Meelpaeg Lake Reservoir, within the

Meelpaeg Subzone of the Gander Zone (Figure 1). The geol-

ogy of this area is summarized by Dickson (1982), but

detailed interpretation is impeded by poor exposure. The

geology and known mineralization are also discussed by

Tuach (1996), who considered the area to have further

exploration potential. The south of the area is dominated by

granitoid plutonic rocks, but an area in the north consists of

metasedimentary rocks (Figure 3). Two groups of granitoid

rocks are defined, which are inferred to be separated by a

sheared zone termed the Meelpaeg Lake fault. The granites

in the west (Wolf Mountain Granite) are potassic, composi-

tionally evolved, biotite–muscovite granites, and were con-

sidered to be younger than plagioclase- and biotite-rich

tonalites and granodiorites in the east (Dickson, 1982;

Tuach, 1996). 

Mineralization 

Molybdenum, tungsten and fluorite occurrences are

scattered widely in the area, and are best exposed along a

hydroelectric canal in the south of the area (Figure 3). Most

occurrences are small, and were discovered in the 1980s,

during follow-up work based on regional lake-sediment

geochemical anomalies. Also, there are extensive soil geo-

chemistry anomalies for both molybdenum and tungsten,

and several other metals, defined by these exploration pro-

grams (Tuach, 1996). Mineralization includes disseminated

molybdenite in granites (typically associated with altered

zones), molybdenite in quartz veins, veinlets and peg-

matites, and wolframite in quartz veins. Since 2008, Playfair

Mining has explored the area, with an emphasis on a loca-

tion originally known as the ‘Hill showing’, where molyb-

denite occurs in quartz-vein networks in variably altered

granite. Drilling at this site shows that mineralization is

extensive over an area of 600 x 100 m, and extends to depths

of greater than 150 m (Briggs, 2008). No resource estimates

have been released for this zone, which was predictably

christened ‘Moly Hill’, but the mineralized intersections are

wide, including 167 m at 0.054% Mo (Playfair Mining,

Press Releases and website information). Unlike Moly

Brook, there seems to be little associated Cu mineralization.

Drillcore indicates that mineralization consists of molyb-

denite and pyrite associated with quartz veins from less than

1 cm to over 1 m in width. The Wolf Mountain Granite in

the mineralized cores is a medium-grained equigranular

muscovite-rich rock that is typically pink or red, with red-

dening or bleaching locally associated with the margins of

mineralized veins. Diffuse zones of darker grey, biotite-rich,

locally foliated granite are interpreted as enclaves of an

older unit, perhaps the granodiorite mapped to the east by

Dickson (1982). The host leucogranite locally contains

interstitial patches and rosettes of molybdenite, and these do

not appear to be spatially linked to the vein systems. Alter-

ation along the margins of veins consists largely of second-

ary muscovite, but there are also zones where the core is

intensely altered to a friable, green-white to buff-yellow

material. Similar alteration was noted in outcrops by Tuach

(1996) and considered to include clay minerals.

Visible/infrared reflectance spectrometry (VIRS) data indi-

cate the presence of kaolinite and dickite, amongst other

species typical of advanced argillic alteration (Kerr et al.,
2011). These intensely altered zones do not appear to be spa-
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tially associated with a greater density of mineralized veins,

although they are cut by such veins locally. The dark chlo-

rite-rich ‘propylitic’ alteration observed at the Moly Brook

deposit is rarer at Granite Lake, and seen only locally in

more mafic enclaves. Its absence likely reflects the general-

ly Mg- and Fe-poor leucocratic host rocks compared to

those at Moly Brook. Typical examples of mineralization

and host rocks from this zone at Granite Lake are illustrated

in Plate 2.

U–Pb ZIRCON GEOCHRONOLOGY

The U–Pb zircon geochronology at Moly Brook was

initiated to test the model that the Hole 18 granite is a dyke

related to a younger subsurface pluton and, in conjunction

with Re–Os work, to establish the timing of mineralization.

The objectives at Granite Lake were to determine the age of

the host rocks and mineralization relative to other plutonic

suites in the area. The U–Pb data from these granitoid rocks

complement Re–Os geochronology by confirming links

between molybdenite-rich zones and spatially associated

granites (e.g., Lynch et al., 2011a, b). 

SAMPLING, PROCESSING AND ANALYTICAL

TECHNIQUES

Three samples were analyzed for this study. Sample

AK-08-023 (z9746) was collected in 2008 from an outcrop

on a drill access road at Moly Brook. It is a weakly altered,

grey to pink, medium- to coarse-grained granodiorite con-

26

Plate 1. Examples of the rock units at the Moly Brook deposit. A) Foliated, melanocratic hornblende–biotite granodiorite rep-
resenting the regional host rocks to the Moly Brook deposit. Note the cataclastic fabric, which is cut at high angles by min-
eralized veinlets (indicated by yellow arrows). B) Typical mineralized quartz vein containing molybdenite and chalcopyrite
along internal selvages. C) Fine-grained pink alaskitic granite from Hole MB-08-018, note minor disseminated pyrite. D)
Rare example of a quartz vein cutting the Hole 18 granite. Note disseminated molybdenite in the fine-grained granite. 
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Figure 3. Simplified geological map of the Granite Lake area, showing mineral occurrences. Modified after Tuach (1996).
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taining biotite and hornblende, and represents the host rocks

to mineralization. The sample site was chosen to avoid

quartz veining and is unmineralized, but it is adjacent to a

zone, rich in molybdenite, which was provided for Re–Os

dating by E. Lynch. Sample KC-08-013 (z9747) was col-

lected from diamond-drill core donated by Tenajon

Resources in 2008, representing the final 4.5 m of drillhole

MB-08-018 (about 491.5 – 496 m) below the main mineral-

ized zone at Moly Brook. It represents the Hole 18 granite,

as described above; the sample was hand-picked to avoid

two quartz veins that cut the granite and avoid fluorite-coat-

ed fractures. The rock type is a typical fine-grained alaskitic

granite containing minor muscovite, pyrite and molybden-

ite. Sample KC-09-044 (z10411) was collected in 2009 from

drillcore representing Hole GL-08-53 from the Granite Lake

area, which is now stored at the Department of Natural

Resources core-storage facility in Buchans. The sample con-

sists of about 4 m of split drillcore between depths of 179.8

and 183.9 m. It is a medium-grained pink to red

biotite–muscovite granite, selected because it was relatively

free of mineralized veins or alteration zones. The surround-

ing core contains more abundant mineralized veins. The

sample was handpicked to avoid some small quartz veins

and altered fractures.

All processing and analysis were completed at the Geo-

logical Survey of Canada laboratories. The samples were

crushed, and heavy mineral separates were obtained by stan-

dard methods, using a Wilfley table and heavy liquid sepa-

rations, followed by magnetic separation using a Frantz iso-

dynamic separator. Zircons were placed in epoxy grain

mounts (GSC reference number IP509 for z9746 and z9747

and IP591 for the z10411) along with fragments of labora-

tory standards, and polished with diamond paste to reveal

internal structure and texture. The grain mounts were evap-

oratively coated with 10 nm of high-purity Au. The zircons

were photographed in transmitted light, and imaged using

backscattered electrons (BSE) on a scanning electron micro-

scope.

The SHRIMP II analyses used analytical and data

reduction procedures described by Stern (1997) and Stern

and Amelin (2003) and offline data processing was com-

pleted using in-house software programs. The GSC labora-

tory standard z6266 (206Pb–238U ages of 559 Ma) was used for

calibration purposes. Analyses of a second zircon standard

(Temora 2) were interspersed between the sample analyses

to verify the accuracy of the U–Pb calibration. Using the

calibration defined by the z6266 standard, the weighted

mean 206Pb–238U ages of the analyses of Temora 2 zircon on

the grain mounts were determined to be 415.7 ± 3.6 Ma

(IP509) and 415 ± 3 Ma (IP591). The accepted 206Pb–238U age

of Temora 2 is 416.5 ± 0.22 Ma, based on 21 isotope dilu-

tion fractions (Black et al., 2005). The SHRIMP II data are

presented in Table 1. The isotopic ratios and ages are cor-

rected for common Pb and are reported at 1 sigma precision,

which includes an uncertainty of ± 1.0–1.1 % in calibration

of the standard (see Table 1). The program Isoplot v. 3.00

(Ludwig, 2003) was used to calculate weighted means and

to generate concordia plots. Errors on the calculated weight-

ed means are reported at 2 sigma, and error ellipses in con-

cordia plots (Figures 4 to 6) are depicted at 2 sigma.

RESULTS AND CALCULATION OF AGES

Previous Geochronological Studies

Previous geochronological studies in the Grey River

area by Higgins et al. (1990) used Rb–Sr and K–Ar methods

28

Plate 2. Examples of the rock units from the Granite Lake area. A) Typical red biotite-muscovite granite host rock, cut by
molybdenite-bearing quartz veinlets. Note that the granite also contains minor disseminated molybdenite, not visible in photo.
B) Intense clay mineral alteration of the host granite, in this case without a spatial relationship to mineralized quartz veins.
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in an effort to determine the age of tungsten mineralization;

the Moly Brook Mo–Cu deposit was at that time undiscov-

ered, although molybdenite was known to occur locally in

veins. The Rb–Sr isotopic data from granites along the

shores of Grey River (Figure 2) were ambiguous. The entire

dataset gave an errorchron age of ca. 523 Ma, but a subset

of the 6 least deformed samples defined an isochron age of

412 ± 5 Ma, with an initial Sr isotope ratio of 0.7086. Foli-

ated granite samples plotted below this isochron, suggesting

loss of radiogenic Sr, during deformation. The K–Ar

(biotite) ages were also obtained from several of the granite

samples, but these were significantly older at ca. 466 to 444

Ma. The K–Ar ages from muscovites in marginal greisen-

like alteration zones associated with the quartz–wolframite

vein yielded ages ranging from 386 ± 12 to 352 ± 18 Ma,

interpreted to indicate Devonian hydrothermal mineraliza-

tion (Higgins, 1985). Attempts to obtain whole-rock Rb–Sr

isochrons from the same samples gave older or younger ages

than the K–Ar data. Prior to this study, no geochronological

data of any type were available in the Granite Lake area. 

Grey River Area

Sample z9746 contained abundant high-quality zircon.

The zircon grains ranged in habit from stubby to elongate,

and are generally well faceted and colourless. The BSE

images of the grains indicate that most are magmatic, with

well-defined growth zoning, and most lack obvious cores. A

small proportion of grains contained well-defined cores,

likely inherited, but these have not yet been investigated.

The U–Pb isotopic data are very consistent, and the weight-

ed average of 39 concordant or near-concordant 206Pb–238U

ages is 411.2 ± 1.4 Ma (MSWD = 0.95). The crystallization

age of the host granodiorite is conservatively interpreted to

be 411 ± 4 Ma (Figure 4), corresponding to the lowermost

Devonian.

Sample z9747 provided a modest yield of euhedral zir-

con crystals, ranging from stubby to prismatic. Most are

well faceted and colourless, but their quality is variable, due

to abundant fractures and inclusions. The BSE images indi-

cate that most are magmatic zircons that display well-

defined growth zoning. Inherited cores were visible in sev-

eral grains, but only one of these was analyzed. With the

exception of this analysis (labelled 1.1 in Figure 5), the data

are again very consistent, and a weighted average of 31 con-

cordant or near-concordant 206Pb–238U ages is 378.3 ± 1.8 Ma

(MSWD = 1.2). The analysis from the suspected inherited

core gives an age of ca. 405 Ma. The crystallization age of

the Hole 18 granite is thus conservatively interpreted to be

378 ± 4 Ma (Figure 5), corresponding to the Upper Devon-

ian.

Granite Lake Area

Sample z10411 contained abundant high-quality zircon,

ranging in habit from euhedral elongate crystals to short

stubby prisms, all of which appear to be of magmatic origin.

Some grains contain well-defined cores with overgrowths

(Plate 3). The SHRIMP analyses reveal a wide variety of

ages, but most of the analyses form a tight cluster for which

the weighted average of 206Pb–238U ages is 388.3 ± 2.1 Ma

(MSWD = 1.5, n=28). As these analyses are from grains that

lack visible cores or from outer parts of composite grains, an

age of 388 ± 4 Ma is interpreted as the time of crystalliza-

tion of the host granite, corresponding to the Middle Devon-

32

Figure 4. U–Pb concordia diagram for sample z9746, rep-
resenting the host rocks to the Moly Brook deposit.

Figure 5. U–Pb concordia diagram for sample z9747, rep-
resenting the molybdenite-bearing alaskitic granite from
drillhole MB-08-18.
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ian (Figure 6). A smaller number of analyses from cores

include Late Silurian results (ca. 426 to 417 Ma) and some

discordant Proterozoic ages (Figure 6; Table 1). These cores

are likely inherited zircons derived from the source regions

of the granite magma. No attempt was made to resolve the

pattern of inheritance, although this is a subject of potential

interest in the context of crustal source regions.

INTERPRETATION AND DISCUSSION

These new U–Pb zircon data provide valuable informa-

tion about the ages of host rocks and the timing of mineral-

ization at the Moly Brook deposit and at Granite Lake and

are also of interest in the context of both local and regional

correlations. These topics are addressed separately in this

section. The discussion points are illustrated by a simple

time-space correlation chart (Figure 7).

Age of the Host Rocks at Moly Brook

The U-Pb zircon age of 411 ± 4 Ma obtained from host

rocks at Moly Brook (z9746) is within error of the previous

Rb-Sr isochron age of 412 ± 5 Ma obtained by Higgins et al.
(1990) using coastal outcrops on Grey River. However,

given that this latter result represents a smaller subset from

a database that did not exhibit isochron behaviour, this coin-

33

Plate 3. Photographs of zircons from the Granite Lake sample, (z10411), showing the presence of inherited cores in some indi-
vidual crystals.
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cidence may be fortuitous. The 411 Ma age lies close to the

general range of ages obtained for the  Burgeo Intrusive

Suite to the west (428 to 415 Ma; Dunning et al., 1990; Fig-

ure 2), and supports this regional correlation. However, the

411 Ma age is at the younger end of the spectrum, resem-

bling ages from equigranular biotite–muscovite granites,

rather than those from K-feldspar megacrystic granites sim-

ilar to the Moly Brook host suite. The K-feldspar megacrys-

tic granites in the Burgeo Intrusive Suite tend to be older

than the biotite–muscovite granites (Dunning et al., 1990;

Dickson et al., 1996). As previously noted by Higgins et al.
(1990), this suggests that K-feldspar megacrystic biotite

granites and biotite–muscovite granites overlap in age

through the region (cf., Kerr, 1997). The 411 Ma age also

provides a maximum constraint for cataclastic deformation

that affected the granodiorite, most likely related to the

shear zone marking its southern contact. Latest motions on

this structure are likely related to the Devonian Acadian

Orogeny, rather than the widespread mid-Silurian (Salinic)

event recorded across much of the Central Mobile Belt (e.g.,

Dunning et al., 1990).

The Timing of Mo-Cu Mineralization at Moly Brook

The U–Pb geochronological data do not provide direct

information on the timing of mineralization at Moly Brook,

as they represent ages for magmatic zircon rather than

hydrothermal molybdenite or chalcopyrite. The 411 ± 4 Ma

age from the granodiorite host rocks clearly provides a max-

imum age for the mineralized quartz veins. Nevertheless,

there is evidence that the Hole 18 (alaskitic) granite is con-

temporaneous with the mineralized vein swarm in the form

of mutually crosscutting relationships, and disseminated

interstitial molybdenite in the Hole 18 granite suggests that

the parent magma was Mo-enriched. The 378 ± 4 Ma U–Pb

age of the Hole 18 granite is thus also interpreted as the age

of hydrothermal mineralization. This conclusion is broadly

consistent with the preliminary Re–Os age of ca. 380 Ma

that was reported from molybdenite at Moly Brook (Lynch

et al., 2011a). 

Granophile mineralization at Moly Brook thus likely

has no temporal or genetic link to the altered granitoid host

rocks, and is some 33 m.y. younger than them. Strictly, the

378 Ma age for Mo–Cu mineralization at Moly Brook can-

not be extrapolated to the nearby vein-hosted W mineraliza-

tion described by Higgins (1985). Nevertheless, most of the

muscovite K–Ar ages from vein-related alteration (Higgins

et al., 1990) are within error of 378 Ma, although they are,

on average, slightly younger (~369 Ma). It is hard to imag-

ine that two temporally discrete hydrothermal systems could

develop sequentially in the same restricted area, although

this is possible, but the presence of molybdenite in early W-

bearing veins at Grey River (Higgins, 1985) supports some

linkage. Preliminary Re–Os geochrononological data from

molybdenite in W-bearing vein samples also points to this

conclusion (Lynch et al., 2011a).

Evidence for Devonian Granites in the 

Subsurface at Grey River

The idea that a hidden pluton was the ultimate source

for hydrothermal mineral deposits in the Grey River was

first suggested by Bahyrycz (1956). The results from the

Hole 18 granite provide the first direct evidence for upper

Devonian magmatism in the area, and support this hypothe-

sis. The Hole 18 granite is part of the youngest magmatic

pulse yet identified in the Newfoundland Appalachians (see
below). Further inferences about a hidden pluton must come

from deep drilling, and from geophysical surveys. Lendrum

and Mercer (1997) commented on the presence of multiple

‘bullseye’ positive magnetic anomalies at Moly Brook.

Given that the granodioritic host rocks are generally non-

magnetic (because original magnetite was converted to

pyrite during propylitic alteration), these anomalies are

interpreted to have subsurface origins. Once again, develop-

ing indirect constraints on the extent and 3D geometry of

this buried pluton presents an interesting research challenge,

with obvious application to exploration. Local geological

patterns do provide some general information. If the granitic

stock near the mouth of Grey River (Figure 2) is also relat-

ed to this pluton, it is clearly of regional extent, and must

transect the shear north of the Grey River Precambrian

enclave. Fine-grained leucocratic granites that resemble the

34

Figure 6. U–Pb concordia diagram for sample z10411, rep-
resenting the molybdenite-bearing host  granite from drill-
hole GL-08-53 at Granite Lake. The main diagram shows
the complete range of results, and the inset those results
interpreted to record the crystallization age of the rock.
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Hole 18 granite outcrop, locally along drill-access roads at

Moly Brook, and the largely buried pluton, may have sur-

face expression elsewhere in the generally rugged and

forested area around the deposit.

The Timing of Magmatism and Mineralization 

at Granite Lake

The mineralization intersected in Hole GL-08-53 and

other drillholes at Granite Lake has many similarities to that

encountered at Moly Brook. The presence of disseminated

molybdenite in the host granite implies that it is similar in

age to the mineralization, but does not prove such a rela-

tionship; this requires confirmation from direct Re–Os

geochronology. The U–Pb results indicate that the host gran-

ite at Granite Lake is approximately 10 m.y. older than the

Hole 18 granite at Moly Brook, so the two cannot be direct-

ly linked. 

Correlation with Other Devonian Plutonic Suites

The 378 ± 4 Ma age from the Hole 18 granite at Moly

Brook is identical to the 378 ± 2 Ma age of the François

Granite (Kerr et al., 1993b), located some 30 km to the east

(Figure 1). However, this does not necessarily indicate any

physical connection between the Hole 18 granite and the

François Granite. It is perhaps more likely that both granites

are related to a deeper magma chamber of truly batholithic

35

Figure 7. Chart showing the ages obtained for granitoid rocks and associated mineralization in southern Newfoundland, illus-
trating possible correlations. Sources for published and unpublished ages; (1) Lynch et al. (2009); (2) Kerr et al. (1993a); (3)
R. Tucker, listed by O’Brien (1986); (4) Dunning et al. (1990); (5) Dickson et al. (1996); (6) Krogh et al. (1988); (7) Dickson
et al. (1996). 
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dimensions. There are other small bodies of undeformed

posttectonic granites across the region, and they may have a

similar relationship. On the scale of the Appalachian Orogen

in Newfoundland, the 378 Ma age is also within error of

U–Pb zircon ages from the Ackley Granite (377 ± 3 Ma; R.

Tucker, quoted by O’Brien, 1998) and the St. Lawrence

Granite (374 ± 2 Ma; Kerr et al., 1993b). The Ackley Gran-

ite is well-known for its Mo prospects (see Kerr et al., 2009

and references therein), and recent Re–Os dating confirms

that the mineralization is syngenetic, as molybdenites yield

an indistinguishable age of 380 ± 2 Ma (Lynch et al., 2009).

The St. Lawrence Granite is best known for its vein-style

fluorite deposits, but some veins also contain minor Mo and

base metals. There are other undated granite plutons across

southern Newfoundland that may also be part of this tempo-

ral grouping, e.g., the Pass Island Granite (Figure 1), which

closely resembles the François Granite in terms of rock

types. The new results from Moly Brook add weight to the

concept of a discrete ‘specialized granite’ association

emplaced shortly after 380 Ma. This apparently had varied

geochemical affinities, as the St. Lawrence Granite is peral-

kaline, whereas others are metaluminous to weakly peralu-

minous (Kerr et al., 1993a; Kerr, 1997). 

The age determined for the host granite at Granite Lake,

however, is demonstrably older at 388 Ma. This age match-

es those obtained from some late posttectonic granites in

central and southwestern Newfoundland, including the

Chetwynd Granite (390 ± 3 Ma; O’Brien et al., 1991). Thus,

there are at least two groups of Devonian-aged granites that

may have potential for granophile mineralization in south-

ern Newfoundland or alternatively, there is a continuum of

ages for such rocks. More geochronological data from both

mineralized and unmineralized plutonic suites are required

to properly test these alternatives, and also to better link

mineralization to spatially associated granites. Some initial

sampling work toward this objective was completed in the

2011 field season, in conjunction with the Geological Sur-

vey of Canada Targeted Geoscience Initiative (TGI-4) Pro-

gram.

CONCLUSIONS

The U–Pb zircon geochronological data from the Grey

River area largely confirm inferences based upon earlier

field work and exploration. The host rocks to the Moly

Brook Mo–Cu deposit are of earliest Devonian age (411 ± 4

Ma), and correlate broadly with the Burgeo Intrusive Suite.

A fine-grained, undeformed alaskitic granite from a deep

drillhole gave a Late Devonian emplacement age (378 ± 4

Ma). This granite appears to be contemporaneous with the

mineralized veins, and contains disseminated pyrite and

molybdenite, so this age is here interpreted to also record the

mineralizing event, a conclusion supported by preliminary

Re–Os results (Lynch et al., 2011a). Porphyry-style Mo–Cu

mineralization at Moly Brook is thus some 33 m.y. younger

than its immediate host rocks, and is epigenetic. The data

support previous inferences of a subsurface Devonian plu-

ton beneath the Grey River area, and suggest that this large-

ly cryptic pluton is of the same age as the nearby François

Granite. The age is also within error of U–Pb and Re–Os

ages from those obtained from the Ackley Granite (377 Ma,

quoted by O’Brien, 1998; 380 Ma, Lynch et al., 2009) and

the St. Lawrence Granite (374 ± 2 Ma; Kerr et al., 1993b),

suggesting that this period is important for the development

of metallogenically specialized granites. A slightly older

Middle Devonian age (388 Ma) was obtained from the host

rocks at Granite Lake; if this also indicates the timing of

mineralization, age cannot be the only control upon mineral

potential. 
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