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ABSTRACT 

 

Rare-earth-element (REE) occurrences in the Port Hope Simpson – St. Lewis area, located in the Grenville Province in 
southeastern Labrador, represent the most recently discovered Mesoproterozoic alkaline-silicate REE‒HFSE system in 
Labrador. Rare-earth-element occurrences in the north are hosted in deformed and metamorphosed granitoids and syenite to 
monzonite forming an ~64-km-long belt up to 2 km in thickness (FHB‒Fox Harbour Belt). In the south, REE mineralization 
is hosted in pegmatites associated with their parent granites and syenites (FHS‒Fox Harbour South). 
 

New geochronology results from the FHB returned ages of 1074.4 ± 9.1 Ma (sample 21ZM077A01), 1054.1 ± 9.9 Ma 
(sample 21ZM053A03), 1049.8 ± 9.3 (rim) and 1067 ± 13 (core) Ma (sample 21ZM061A01) and 1051.5 ± 9.6 (rim) and 1072 
± 17 (core) Ma (sample 22ZM0355A01). However, based on the oldest single analysis from the inclusion-rich cores (1344 ± 
24 Ma and 1238 ± 13 Ma from samples 21ZM053A03 and 22ZM0355A01 respectively) and similarities in the geochemistry, 
mineralogy and mineral chemistry to the rest of FHB, they are interpreted to have crystallized ca. 1300 Ma, implying that 
metamorphism at ca. 1.07–1.05 Ga resulted in profound recrystallization of the original zircon. Samples from FHS returned 
1239 ± 14 Ma (core) and 1020.8 ± 11 (rim) Ma (sample 22ZM0390B01), and 1230 ± 19 (core) and 1013 ± 10 (rim) Ma (sam-
ple 22ZM0442A01). The ages in the core are interpreted as igneous crystallization ages and the ages in the rim are metamor-
phic/partial melting ages. The core ages overlap with igneous crystallization ages from the FHB and the current and previous 
studies indicate a strong genetic link between them. The core ages also suggest that these intrusions are most likely the parent 
intrusions of the spatially associated REE pegmatites. 
 

Metamorphic ages of the rim analyses range between ca. 1050 and 1075 Ma in the FHB and ca. 1013 and 1021 Ma in 
the FHS. The age of the country rock analyzed along the FHB (1473 ± 13 Ma) confirms that the FHB consists of three min-
eralized belts separated by older rocks, which are not part of the alkaline-silicate igneous system. It also indicates a more 
widespread presence of Pinwarian rocks in the Mealy Mountains terrane. 
 

INTRODUCTION 
 

Labrador is host to several Mesoproterozoic alkaline-

silicate rare-earth-element (REE) – high-field-strength-ele-

ment (HFSE) enriched systems including the Red Wine 

Intrusive Suite, the Flowers River Igneous Suite and the 

world-class Strange Lake Complex (Miller et al., 1997; 

Crocker, 2014; Ducharme et al., 2021). The REE occur-

rences in the Port Hope Simpson–St. Lewis area were dis-

covered by Search Minerals Incorporated in 2010, and 

although actively explored, the mineralization is relatively 

understudied compared to the other alkaline-silicate systems 

in Labrador, with only one of the occurrences (Foxtrot) hav-

ing been investigated in detail (Figure 1; Haley, 2014). This 

report summarizes new results of geochronological analyses 

of seven samples from the REE occurrences and the sur-

rounding rocks, and it is part of a multi-year project funded 

by the Geological Survey of Newfoundland and Labrador 

(GSNL) and the Geological Survey of Canada (GSC) 

through its Targeted Geoscience Initiative (TGI) program 

(Magyarosi, 2022; Magyarosi and Rayner, 2023, 2024, 

2025). Previous geochronology data from the study area are 

summarized in Table 1. 

 

Alkaline-silicate REE–HFSE igneous systems are char-

acterized by the presence of alkaline or peralkaline rocks, 

even if they are dominated by metaluminous rocks (Beard et 
al., 2022). These systems occur in continental rift, post-col-

lisional and intraplate tectonic settings and require low-

degree, high-pressure melting, under thick continental crust, 
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Figure 1. Geology of the Port Hope Simpson area, southeastern Labrador (modified after Wardle et al., 1997; Gower, 2010a, b, 2019). The 
east-northeast trending line of REE occurrences from Deep Fox (1) to Fox Meadow (3) outlines the Fox Harbour Belt mixed-classed rock 
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of a mantle enriched in volatiles and preferably REE and 

HFSE, commonly metasomatized by previous subduction 

(Beard et al., 2022). They are located along deep-crustal 

structures that focus magma ascent from the mantle and 

occur in clusters, such as the one in the Gardar Province in 

Greenland. Despite the association of several critical miner-

als with alkaline igneous systems, genetic and exploration 

models are less developed than those for some of the other 

commodities such as gold, copper and iron.  

 

REGIONAL GEOLOGY 

 

The Grenville Province in eastern Labrador is com-

posed of late Paleoproterozoic to Mesoproterozoic rocks 

(Figure 1) formed via multiple orogenic and related events 

including the Eagle River (1810–1775 Ma), Labradorian 

(1710–1600 Ma), Pinwarian (1520–1460 Ma) orogenies, 

Elsonian events (1460–1090 Ma), Grenvillian orogeny 

(1090–920 Ma) and Neoproterozoic and Phanerozoic events 

(Gower, 2019). It is subdivided into five terranes, namely, 

from north to south: the Groswater Bay, Hawke River (not 

shown on Figure 1), Lake Melville, Mealy Mountains and 

Pinware terranes (Figure 1; Gower, 2019). The terranes are 

distinguished from one another based on the type and degree 

of deformation and metamorphism they underwent during 

each orogenic event.  

 

The occurrences are located in the Mealy Mountains 

and Pinware terranes. The Mealy Mountains terrane is com-

posed of late Paleoproterozoic rocks consisting of gneisses, 

granitoids and other felsic rocks, and anorthositic, mafic and 

ultramafic rocks, and minor amounts of Mesoproterozoic 

rocks (Gower, 2019; van Nostrand, 1992; van Nostrand et 
al., 1992; Nunn and van Nostrand, 1996a, b; Figure 1). 

Early Mesoproterozoic rocks (1600–1350 Ma) include the 

Pinware–Mealy Mountains terrane boundary comprising 

mafic and anorthositic rocks and anorthositic to felsic rocks 

of the Upper Paradise River Intrusive Suite. Middle 

Mesoproterozoic rocks (1350–1200 Ma) formed during the 

Elsonian events and include the REE-mineralized granitoids 

and syenite to monzonite and the Mealy diabase dykes. 

During the Grenville orogeny, the eastern Mealy Mountains 

terrane became structurally attenuated, reduced from 

approximately 80 km maximum width in the west, to 

approximately 5 km wide within the eastern structural 

wedge (Figure 1; Gower, 2019).  

 

The Pinware terrane is mostly composed of foliated 

gneissic granitoids and minor mafic rocks varying in age 

from late Paleoproterozoic to late Mesoproterozoic and 

Neoproterozoic. Phanerozoic rocks occur in the southeast, 

along the shoreline, and consist of clastic sedimentary rocks 

and minor limestone. 

 

LOCAL GEOLOGY 
 

In the Mealy Mountains terrane, REE mineralization is 

hosted in granitoid and syenite to monzonite rocks occurring 

in an ~64-km long and up to 2-km wide mixed-class rock 

unit. It was formerly known as the Fox Harbour Volcanic Belt 

(Haley, 2014; Miller, 2015), but the volcanic origin of the 

rocks has been questioned and is currently under investiga-

tion. In this study, this mixed-class rock unit will be referred 

to as the Fox Harbour Belt (FHB) instead. The FHB consists 

of three sub-belts in the east and one sub-belt in the west, 

composed of quartz-saturated metaluminous to peralkaline 

and non-peralkaline granitoids, syenite, monzonite, mafic 

rocks, minor sedimentary rocks and quartzite (Haley, 2014; 

Miller, 2015; Magyarosi and Rayner, 2023). Based on the 

observed mineral assemblages and zircon growth at ~1.05 Ga, 

the rocks in FHB are interpreted to have experienced amphi-

bolite-facies metamorphism during the Grenville orogeny 

(Haley, 2014). Deformation is more intense in the eastern part 

of the FHB, where the rocks are mylonitized. The main REE 

minerals are allanite, containing most of the LREE, and fer-

gusonite, containing most of the HREE.  

 

Rare-earth-element mineralization in the Pinware terrane 

is hosted in pegmatites classified as Group 2, formerly known 

as niobium–yttrium–fluorine (NYF) pegmatites (Wise et al., 
2022; Magyarosi and Rayner, 2024). These pegmatites are 

commonly associated with A-type peralkaline to metalumi-

nous and mildly peraluminous parent intrusions and are typi-

cally hosted within or close to their parent intrusions, if there 

is one (Wise et al., 2022). Previous geochronology and field 

relationships suggest that the pegmatites in the Pinware ter-

rane are hosted in or closely associated with their parent intru-

sions ranging in composition from granite to syenite with less 

common granodiorite and syenodiorite (Magyarosi and 

Rayner, 2024). In this study, the pegmatites and their parent 

intrusions will be referred to as Fox Harbour South (FHS). 

The Pinware terrane in southeastern Labrador has been 

mapped at 1:100 000 scale (Gower, 2019); no detailed maps 

of the pegmatites and their parent intrusions exist and the 

extent of these intrusions is not known. 

  

ANALYTICAL METHODS 

 

The results of SHRIMP U–Pb analysis of seven samples 

(1 from Deep Fox, 3 from Fox Meadow, 2 from HighREE 

and 1 north of Foxtrot; Figure 1, Plate 1) were undertaken at 

the Geochronology Laboratories of the Geological Survey 

of Canada in Ottawa. The samples were disaggregated using 

standard crushing/pulverizing techniques followed by densi-

ty separation using the Wilfley table and heavy liquids fol-

lowed by magnetic separation. Grains selected for Sensitive 

High Resolution Ion Microprobe (SHRIMP) analysis were 

cast in epoxy mounts IP1061 and 1063. The mid-sections of 
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the minerals were exposed through polishing with diamond 

compound, and internal features characterized in cathodolu-

minescence (CL) and back-scattered electron (BSE) mode 

utilizing a Tescan Mira3 scanning electron microscope 

(SEM). Mount surfaces were evaporatively coated with 10 

nm of high purity Au. SHRIMP analytical procedures fol-

lowed those described by Stern (1997). Fragments of the 

Temora2 primary zircon reference material (RM) (GSC lab 

number 10493; 206Pb/238U age = 416.5 ± 0.22 Ma, Black et 
al., 2004) and secondary zircon RMs 6266 (206Pb/238U age = 

559 ± 02 Ma, Stern and Amelin, 2003), 1242 (207Pb/206Pb age 

= 2679.7 ± 0.2 Ma, Davis et al., 2019) and 9910 (441.2 ± 0.4 

Ma, B. Davis and V. McNicoll, unpublished data) were ana-

lyzed on the same mount and under the same conditions as 

the unknowns. Analyses were conducted using an O− pri-

mary beam, with a spot size of either 10 or 20 µm at a beam 

current between 3–8 nA. The count rates of the isotopes of 

U, Th and Pb as well as Hf and Yb for zircon were sequen-

tially measured over six scans with a single electron multi-

plier. Offline data processing was accomplished using 

Squid3 (Bodorkos et al., 2020) software. Decay constants 

follow the recommendations of Steiger and Jäger (1977). 

The 1σ error 206Pb/238U ratios reported in the Supplementary 

data table incorporate a ± 0.8% uncertainty in calibrating the 

primary RM (see Stern and Amelin, 2003). Analyses of a 

secondary zircon RM 1242 were interspersed between the 

sample analyses to assess the requirement of an isotopic 

mass fractionation correction for the 207Pb/206Pb age, howev-

er none was required. Details of the analytical session 

(mount/session number, spot size, primary beam intensity) 

are recorded in the footnotes of the data table as are the 

measured weighted mean age for the secondary RMs for that 
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Plate 1. Photos of slabs of samples used for geochronology analysis. A) Metaluminous granite from Deep Fox (21ZM077A01); 
B) Peralkaline monzonite from Fox Meadow (21ZM053A03); C) Peralkaline granodiorite from Fox Meadow (21ZM061A01); 
D) Peralkaline granite from Fox Meadow (22ZM0355A01).
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session (Supplementary data). Common Pb correction uti-

lized the surface Pb composition (Stern, 1997). Isoplot v. 

4.15 (Ludwig, 2012) was used to generate concordia plots 

and calculate weighted means. The error ellipses on the con-

cordia diagrams and the weighted mean errors are reported 

at 95% confidence, unless otherwise noted. An evaluation of 

the long-term reproducibility of 206Pb/238U age of secondary 

reference materials indicates that the minimum precision of 

SHRIMP ion probe weighted mean results is ± 0.78% (2σ, 

B. Davis pers. comm., 2023).   

 

RESULTS 
 

PETROGRAPHY 

 

Sample 21ZM077A01 is a metaluminous granite from 

Deep Fox (1, Figure 1) composed of quartz, K-feldspar, 

albite, pyroxene, amphibole, biotite, magnetite, allanite, zir-

con and trace amounts of titanite, fluorite and apatite (Plate 

1A). Pyroxene contains amphibole and biotite along cleav-

ages, suggesting potassic alteration, with biotite also occur-

ring as a primary mineral. Allanite is zoned and occurs as 

aggregates with zircon and locally apatite or disseminated or 

in pyroxene. Most of the zircon is small (<50 µm) and 

homogeneous, the larger grains (up to 200 µm) are zoned 

with a homogeneous rim and a cloudy core. 

 

Sample 21ZM053A03 is a peralkaline monzonite from 

Fox Meadow (3, Figure 1) consisting of albite, K-feldspar, 

pyroxene, biotite, zircon, allanite and trace amounts of 

quartz, amphibole, magnetite, fergusonite and fluorite (Plate 

1B). The amphibole is katophorite and less commonly 

riebeckite and the pyroxene is aegirine‒augite. The amphi-

bole typically occurs surrounding, and as oriented needles 

within, pyroxene, suggesting that it crystallized later. The 

biotite is annite and crystallized after amphibole and pyrox-

ene. Biotite is very dark and contains zircon, allanite and 

fluorite, the last two along its cleavages. Allanite is also 

associated with zircon and fluorite, and locally forms late 

veins. Zircon mostly occurs as small (<50 µm) homoge-

neous grains (Plate 2A) or larger (up to 200 µm) grains with 

a cloudy, inclusion-rich core and homogeneous rim. 

 

Sample 21ZM061A01 is a peralkaline granodiorite 

from Fox Meadow (3, Figure 1) composed of albite, quartz, 

K-feldspar, pyroxene, magnetite, biotite, zircon and REE 
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Plate 1 (Continued). E) Metaluminous granite from 
HighREE (22ZM0390B01); F) Metaluminous granite from 
HighREE (22ZM0442A01); G) Augen gneiss north of 
Foxtrot (22ZM0361A01).
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minerals (Plate 1C). Zircon ranges up to 200 µm, but gen-

erally less than 50 µm (Plate 2B). The larger ones are zoned 

with cloudy, inclusion-rich cores and homogenous rims 

(Plate 2C). The main REE minerals include chevkinite, 

which is typically surrounded by allanite (Plate 2B). 

Allanite also occurs as alteration in biotite and in a vein 

(~150 µm wide). 

 

Sample 22ZM0355A01 is a peralkaline granite from 

Fox Meadow (3, Figure 1) consisting of K-feldspar, quartz, 

albite, pyroxene, amphibole, biotite, zircon, REE minerals, 

magnetite and trace amounts of ilmenite and hematite (Plate 

1D). Amphibole occurs in pyroxene along cleavages or sur-

rounding pyroxene. Biotite formed late, surrounding pyrox-

ene and magnetite, and contains abundant zircon inclusions 

and hematite and epidote along cleavages (Plate 2D), sug-

gesting that these minerals crystallized later. Magnetite con-

tains ilmenite lamellae. Zircon grains are up to 200 µm, 

mostly homogeneous in composition but with some inclu-

sion-rich cores (Plate 2D). 

 

Sample 22ZM0390B01 is a metaluminous granite from 

the HighREE occurrence (4, Figure 1) composed of quartz, 

K-feldspar, albite, amphibole, magnetite, biotite, titanite, 

zircon, REE minerals, apatite and chlorite (Plate 1E). 

Magnetite is surrounded by titanite or biotite, which is most-

ly altered to chlorite. One large allanite grain (~1 mm) con-

tains inclusions of ilmenite and titanite (Plate 2E), suggest-

ing that allanite may have replaced primary chevkinite. 

Zircon occurs as grains up to 1 mm in length and contains 

abundant inclusions (Plate 2F). 

 

Sample 22ZM0442A01 is a metaluminous granite from 

the HighREE occurrence (4, Figure 1) consisting of K-
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Plate 2. Photomicrographs of samples used for geochronology analysis. A) Small zircon grains in biotite in sample 
21ZM053A03; B) Zircon with allanite, chevkinite and amphibole in sample 21ZM061A01; C) Zoned zircon with inclusion-
rich core and homogeneous rim in sample 21ZM061A01; D) Biotite containing inclusions of hematite, epidote and zircon in 
sample 22ZM0355A01.
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feldspar, quartz, albite, amphibole, pyroxene, magnetite, zir-

con, allanite, apatite, ilmenite and hematite (Plate 1F). Quartz 

and K-feldspar locally form graphic texture. Pyroxene is light 

green (aegirine‒augite), partially altered to chlorite and sur-

rounded by amphibole, which is light to dark green, but less 

altered than pyroxene. Magnetite is surrounded by titanite and 

contains lamellae of ilmenite. Zircon is up to 500 µm and has 

inclusion-rich cores and homogeneous rims (Plate 2G). 

Allanite grains are up to 350 µm and are patchy. 

 

Sample 22ZM0361A01 is an augen gneiss country-

rock north of the Foxtrot occurrence (2, Figure 1), and is 

composed of quartz, K-feldspar, albite, biotite, titanite, 

allanite, magnetite, epidote, zircon, hematite and chlorite 

(Plate 1G). It contains local myrmekitic texture. Biotite is 

partially chloritized. Plagioclase is saussuritized. Allanite 

forms grains up to 100 µm surrounded by epidote (Plate 

2H), but also occurs associated with titanite as small inclu-

sions in titanite (<20 µm) or larger grains (<150 µm). Zircon 

is enclosed in biotite (Plate 2H).  

 

GEOCHRONOLOGY 

 

The geochronology results of the seven samples analyzed 

by SHRIMP are presented individually below with the inter-

pretation of those results discussed in a combined section. 

They are also summarized in Figures 2 and 3 and Table 2. 

 

21ZM077A01 Deep Fox Metaluminous 

Granite (GSC LAB # 12937)  

 

Abundant clear colourless prismatic zircons were 

picked from the non-magnetic and magnetic fractions at 1° 

side slope of the Frantz separates sample. A large proportion 

of the grains exhibit cloudy cores in plane light. 

Cathodoluminescence images of the grains are characterized 
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Plate 2 (Continued). E) Allanite with inclusions of ilmenite and titanite in sample 22ZM0390B01; F) Inclusion-rich zircon 
in sample 22ZM0390B01; G) Zoned zircon with inclusion-rich core and homogeneous rim in sample 22ZM0442A01; H) 
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plates are after Whitney and Evans (2010). 
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by regular sector zoned rims or entire grains (e.g., grain 27, 

Figure 4A), as well as mosaic-textured outer parts of grains 

(e.g., right side of grain 25, Figure 4A). The cloudy cores of 

these grains consist of abundant inclusions (e.g., grain 24, 

26, Figure 4A).  Some of these inclusions are bright in BSE 

(not shown) and preliminary spot SEM-EDS analyses indi-

cate that these are Y-REE silicates. 

 

Thirty-three analyses were carried out on 33 grains. 

Regardless of subdividing the data by zoning style, the 

results overlap in age completely (Figure 4B). The mosaic 

cores and sector zoned rims range in age from 1058 to 1090 

Ma. These form a single statistical population with a weight-

ed mean 206Pb/238U age of 1074.4 ± 9.1 Ma (n=27, MSWD = 

0.68, probability = 0.89) (Figure 4B). The inclusion-rich 

cores have single spot ages that range from 929 to 1098 Ma 

(red ellipses, Figure 4B) and, with the exception of one grain 

with extremely high common Pb content (14%, pink ellipse 

Figure 4B), all overlap in age with the mosaic and sector 

zoned zircon.  

 

21ZM053A03 Fox Meadow Peralkaline 

Monzonite (GSC LAB # 12938) 

 

Abundant zircons were recovered from this sample, 

those selected for geochronology were picked from the dia-

magnetic fraction and consist of clear colourless prismatic 

zircons. A large proportion of the grains exhibit a cloudy 

core in plane light. In CL images, the grains are character-

ized by regular sector zoned rims (e.g., grains 93-95, Figure 
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Figure 2. Geochronology results from the FHB and FHS from this project (geology after Wardle et al., 1997; Gower, 2010a, 
b, 2019). New data from this report are outlined in red rectangles. Ages are rounded and oldest core ages are also shown. See 
Figure 1 for legend.
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Figure 3. Age vs. easting plot from the Fox Harbour Belt and Fox Harbour South. Only new data from this project are 
labelled. The last two digits of the sample numbers are omitted for brevity. 

Table 2. Summary of new SHRIMP U–Pb geochronology results 

 

Sample Lab 

number number Area Lithology Age (Ma) Interpretation 

 
21ZM077A01 12937 Deep Fox Metaluminous granite 1074.4 ± 9.1 Igneous crystallization/partial melting 

21ZM053A03 12938 Fox Meadow Peralkaline monzonite 1054.1 ± 9.9 Igneous crystallization/partial melting 

21ZM061A01 12939 Fox Meadow Peralkaline granodiorite 1049.8 ± 9.3 Igneous crystallization/partial melting 

21ZM061A01 12939 Fox Meadow Peralkaline granodiorite 1067 ± 13 Recrystallized core 

22ZM0355A01 12824 Fox Meadow Peralkaline granite 1051.5 ± 9.6 Igneous crystallization/partial melting 

22ZM0355A01 12824 Fox Meadow Peralkaline granite 1072 ± 17 Recrystallized core 

22ZM0390B01 12941 HighREE Metaluminous granite 1020.8 ± 11 Metamorphism/partial melting 

22ZM0390B01 12941 HighREE Metaluminous granite 1239 ± 14 Igneous crystallization 

22ZM0442A01 12940 HighREE Metaluminous granite 1013 ± 10 Metamorphism/partial melting 

22ZM0442A01 12940 HighREE Metaluminous granite 1230 ± 19 Igneous crystallization 

22ZM0361A01 12823 North of Foxtrot Augen gneiss 1071 ± 14 Metamorphism 

22ZM0361A01 12823 North of Foxtrot Augen gneiss 1473.0 ± 13 Igneous crystallization 

22ZM0361A01 12823 North of Foxtrot Augen gneiss 1705 ± 22 Inheritance (single analysis) 
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4C) or entire grains and cores that are either mosaic-tex-

tured/mottled (e.g., grain 93, Figure 4C) or contain abundant 

inclusions (e.g., grains 94 and 96, Figure 4C). 

 

Thirty-one analyses were carried out on 24 grains. The 

data can be subdivided by zoning style into two age groups 

– the inclusion-rich cores are characterized by a wide spread 

of ages from 1026 to 1344 Ma (red ellipses, Figure 4D). 

These are loosely clustered at ca. 1.05 and 1.2 Ga. The 

mosaic cores and sector zoned rims form a single statistical 

population with a weighted mean 206Pb/238U age of 1054.1 ± 

9.9 Ma (n=13, MSWD = 1.12, probability = 0.33) (blue 

ellipses, Figure 4D). In some cases, the mosaic texture 

appears to grade into the more organized sector zoning (e.g., 
grain 93, Figure 4C), consistent with their coeval results. 

21ZM061A01 Fox Meadow Peralkaline 

Granodiorite (GSC LAB # 12939) 

 

Abundant zircons were recovered from this sample, 

those selected for geochronology were picked from the dia-

magnetic fraction. In plane light these appear as clear, 

colourless, prismatic zircon grains with a large proportion 

exhibiting cloudy cores as seen in the other samples 

described herein. Similar to 12937 and 12938, CL images 

are characterized by regular sector-zoned grains (e.g., grain 

22, Figure 4E) or rims (e.g., grain 21, Figure 4E), or mosa-

ic-textured outer parts of grains (e.g., right side of grain 23, 

Figure 4E). The cloudy cores of these grains consist of abun-

dant inclusions (e.g., grains 21, 23 and 24, Figure 4E); some 

of which are bright in BSE. 
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Figure 4. Cathodoluminescence (CL) images and concordia diagrams for samples from Deep Fox and Fox Meadow field 
areas. Ellipses are plotted at the 95% confidence interval. In all sections, red ellipses represent analyses of inclusion-rich 
cores, light blue ellipses are from cores or inner parts of mosaic or sector zoned zircon, dark-blue ellipses represent analyses 
from rims or outer parts of mosaic or sector zoned zircon. Pink ellipses are anomalous inclusion-rich zircon. Ages given on 
the concordia diagrams are weighted mean 206Pb/238U ages along with their external uncertainty. See text for discussion.
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Twenty-nine analyses were carried out on 23 grains. If 

subdivided by zoning style, the individual grain dates all over-

lap one another (Figure 4F). The mosaic cores and sector 

zoned rims range in age from 1022 to 1075 Ma (light and dark 

blue ellipses, Figure 4F) and form a single statistical popula-

tion with a weighted mean 206Pb/238U age of 1049.8 ± 9.3 Ma 

(n=23, MSWD = 1.00, probability = 0.46). The inclusion-rich 

cores range in age from 1059 to 1084 Ma (red ellipses, Figure 

4F), with a weighted mean 206Pb/238U age of 1067 ± 13 Ma 

(n=6, MSWD = 0.31, probability = 0.91). While this mean 

age is slightly older than the rims as would be expected, there 

is still overlap within measured uncertainties.  

 

22ZM0355A01 Fox Meadow Peralkaline 

Granite (GSC LAB # 12824) 

 

The abundant zircon recovered from this sample are 

identical in appearance to the other three samples described 

above. They are clear, colourless and prismatic and possess 

distinct cloudy cores. In CL images, they exhibit the same 

inclusion-rich or mosaic textured cores (e.g., grains 111–

115, Figure 4G) and sector zoned rims (e.g., grains 111–115, 

Figure 4G) or entire grains (e.g., 116, Figure 4G). Some of 

the inclusions are bright in BSE. 

 

Twenty-nine analyses were carried out on 20 zircon 

grains. The mosaic cores and sector zoned rims and grains 

range in age from 1032 to 1072 Ma and form a single statis-

tical population with a weighted mean 206Pb/238U age of 

1051.5 ± 9.6 Ma (n=20, MSWD = 1.05, probability = 0.40) 

(light and dark blue ellipses, Figure 4H). The inclusion-rich 

cores range in age from 1013 to 1238 Ma.  Excluding the 

oldest core analysis (pink ellipse, Figure 4H), these cores 

yield a weighted mean 206Pb/238U age of 1072 ± 17 Ma (n=8, 

MSWD = 1.3, probability = 0.22) (red ellipses, Figure 4H), 

which is indistinguishable from the rim data within uncer-

tainty. A second analysis was carried out in the core to try to 

reproduce the older age. This second analysis falls within 

56

21 22

23
24

1 12

Grain 21 BSE

111
112

113 114

115 116

12

1

1
2

1

1

1

2

2
0
6
P

b
/2

3
8 U

2
0
6
P

b
/2

3
8 U

0.16

0.17

0.18

0.19

1.4 1.6 1.8 2.0 2.2 2.4

207Pb/235U

980980

10201020

10601060

11001100

11401140

0.13

0.15

0.17

0.19

0.21

0.23

0 1 2 3 4 5

207Pb/235U

850850

950950

10501050

11501150

12501250

21ZM0 A01 (1293 )61 9

2 ZM0 A01 (12 )2 355 824

1049.8 ± 9.3 Ma
mosaic cores and
sector zoned rims
1067 ± 13 Ma
inclusion-rich cores

10 ± 9. Ma51.5 6
mosaic cores and
sector zoned rims
10 ± 1 Ma72 7
inclusion-rich cores

E

F

G
H

21ZM0 A0161

2 ZM0 A012 355

Figure 4 (Continued). 



Z. MAGYAROSI AND N. RAYNER

the 1072 Ma group but suggests that the inclusion-rich core 

may be fully- or nearly fully recrystallized zircon from 

older, precursor material. 

 

INTERPRETATION OF DEEP FOX AND 

FOX MEADOW RESULTS 

 

The appearance of the zircons and their geochronology 

results are consistent across the 3 samples from Fox Meadow 

to the one sample from Deep Fox. They are dominated by 

sector zoned zircon (both as rims and cores), with unusual 

mosaic textured cores. These two zoning types can be com-

bined within each sample to yield mean ages of 1074.4 ± 9.1 

Ma (sample 21ZM077A01), 1054.1 ± 9.9 Ma (sample 

21ZM053A03), 1049.8 ± 9.3 Ma (sample 21ZM061A01) 

and 1051.5 ± 9.6 Ma (sample 22ZM0355A01). Sector zoning 

in zircon is generally taken to indicate growth from a magma 

(Corfu et al., 2003), hence these ages are interpreted as 

igneous crystallization ages. All of these samples contain 

abundant zircon and the clear, colourless sector zoned zircon 

dominates the population volumetrically as well. The inclu-

sion-rich zircons return similar ages to the sector zoned zir-

con but tend to skew to older ages, with the oldest single ages 

at 1098 ± 34 Ma (sample 21ZM077A01), 1344 ± 24 Ma 

(sample 21ZM053A01), 1084 ± 36 Ma (sample 

21ZM061A01) and 1238 ± 13 Ma (sample 22ZM0355A01). 

One interpretation of the data is that a ca. 1.05–1.07 Ga event 

resulted in the profound recrystallization of the original 

igneous zircon. In some samples (21ZM077A01 and 

21ZM061A01) of the inclusion-rich cores, recrystallization 

was essentially complete as there is no statistically signifi-

cant distinction in age. Likewise, the mosaic textured zircon 

cores may represent a fully recrystallized core where all 

record of an older U–Pb signature has been lost. In other 

samples, the oldest single analysis from an inclusion-rich 

core may represent the minimum original protolith crystal-

lization age: 1344 ± 24 Ma and 1238 ± 13 Ma from samples 

21ZM053A01 and 22ZM0355A01, respectively. Similar zir-

con recrystallization was described by Kärenlampi et al. 
(2020) in a Paleoproterozoic Nb–Zr–REE-mineralized A1-

type intrusion in Finland, where the igneous zircon cores 

were variably recrystallized during subsequent metamor-

phism, resulting in scatter of the U–Pb age data.  

 

22ZM0390B01 HighREE Metaluminous 

Granite (GSC LAB # 12941) 

 

The zircon grains recovered from this sample are abun-

dant, clear, colourless, prismatic to ovoid. In plane light, 

cores are visible, some of which are inclusion-rich while 

others are defined primarily by fractures that radiate from 

them. In CL imagery, sector zoning is dominant (e.g., grains 

71–74, Figure 5A), however some grains appear to contain 

both sector zoned cores and rims (e.g., grains 72 and 73, 

Figure 5A). The cloudy, inclusion-rich cores appear dark in 

CL (e.g., grain 74, Figure 5A).  

 

Thirty-seven analyses were carried out on 29 separate 

zircon grains (Figure 5B). The oldest cluster of six analyses 

comes from sector-zoned zircon cores that are characterized 

by fine-scale zoning within each sector (green ellipses, Figure 

5B). These yield a weighted mean 206Pb/238U age of 1239 ± 14 

Ma (n=6, MSWD = 0.90, probability = 0.48). Sector zoned 

zircon rims yield a weighted mean 206Pb/238U age of 1021 ± 11 

Ma (n=11, MSWD = 1.5, probability = 0.12, dark blue 

ellipses, Figure 5B). There are other analyses of sector zoned 

zircon that fall between these two ages that are inferred to be 

mixed analytical spots as the two types of sector zoned zircon 

are difficult to distinguish from one another. Analytical spots 

on inclusion-rich zircon cores return ages spanning nearly the 

entire range of the other two distinct groups, from 1005 to 

1204 Ma (red ellipses, Figure 5B). 

 

22ZM0442A01 HighREE Metaluminous 

Granite (GSC LAB # 12940) 

 

The zircons recovered from this second HighREE sam-

ple are very similar to the other HighREE sample described 

immediately above. They are prismatic to ovoid, sharply ter-

minated, clear and colourless with both clear and cloudy 

cores visible in plane light. In CL, sector zoning dominates 

the rims (e.g., grains 103–106, Figure 5C), and is also 

observed in some cores (e.g., grain 105, Figure 5C).  

Inclusion-rich cores are generally dark in CL (e.g., grain 

104, Figure 5C).  

 

Thirty analyses were carried out on 20 separate zircon 

grains and the results are virtually identical to the sample 

described previously (GSC Lab # 12941). The oldest cluster 

of six analyses comes from sector-zoned zircon cores that 

are characterized by fine scale zoning within each sector 

(green ellipses, Figure 5D). These yield a weighted mean 
206Pb/238U age of 1230 ± 19 Ma (n=6, MSWD = 1.3, proba-

bility = 0.28). Sector zoned zircon rim data yields a weight-

ed mean 206Pb/238U age of 1013 ± 10 Ma (n=8, MSWD = 1.2, 

probability = 0.30, blue ellipses, Figure 5D). Only one 

slightly young analysis was excluded from the older group 

(light green ellipse, Figure 5D) and may be the result of 

mixing with an undetected young sector-zoned rim. 

Analytical spots on inclusion-rich zircon return relatively 

imprecise dates that scatter around the younger age group 

ranging from 934 to 1108 Ma (red ellipses, Figure 5D). 

 

22ZM0361A01 North Foxtrot Augen Gneiss 

Country Rock (GSC LAB # 12823) 

 

Pale-brown prismatic zircons with extensive inclusions 

and moderate fracturing were picked from the diamagnetic 
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Figure 5. Cathodoluminescence (CL) images and concordia diagrams for plutonic rocks from HighREE and country rock 
from north of the Foxtrot occurrence. Ellipses are plotted at the 95% confidence interval. In all sections of the figure, green 
ellipses represent analyses of sector/oscillatory zoned cores interpreted as representing igneous zircon and red ellipses repre-
sent inclusion-rich zircon. Light-blue ellipses are from sector/mosaic zoned zircon cores or inner parts of grains, while dark 
blue ellipses represent analyses from sector zoned rims. Light-green or grey ellipses represent anomalous analyses. Ages given 
on the concordia diagrams are weighted mean 206Pb/238U ages along with their external uncertainty. See text for discussion. 
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to magnetic fraction at 3° side slope Frantz separates. In 

contrast to the other samples in this report, the inclusions are 

dispersed throughout the grain, not concentrated in a cloudy 

core. In CL images, these grains are typically oscillatory ± 

sector zoned (e.g., grains 14–16, Figure 5E). Patchy rims or 

overgrowths are common, but these are often less than 10 

µm across (e.g., grain 13–16, the overgrowth on grain 13 is 

large enough to permit analysis, Figure 5E). 

 

Forty analyses were carried out on 32 individual zircon 

grains that cluster in two main groups. The oscillatory zoned 

zircon (green ellipses, Figure 5F) data forms a well-defined 

cluster (Figure 5F) with a weighted mean 206Pb/238U age of 

1473 ± 13 Ma (n=31, MSWD = 1.6, probability = 0.02). 

This excludes one distinctly older grain (ca. 1.7 Ga, light 

green ellipse, Figure 5F) as well as one slightly younger 

grain excluded on a statistical basis. The dates of the zircon 

rims/overgrowths range from 1037 to 1167 Ma (dark 

blue/grey ellipses, Figure 5F). The oldest rim analysis (grey 

ellipse, Figure 5F) is discordant and is inferred to be due to 

analytical spot overlap with the older 1473 Ma material. A 

cluster of the most concordant rim analyses return a weight-

ed mean 206Pb/238U age of 1071 ± 14 Ma (n=4, MSWD = 2.2, 

probability = 0.09). Two slightly younger and reversely dis-

cordant analyses were excluded from the calculation of this 

mean (grey ellipses, Figure 5F). 

 

INTERPRETATION OF HIGHREE AND 

NORTH FOXTROT RESULTS 

 

While similar in appearance to the zircons from 

igneous precursor rocks at Deep Fox and Fox Meadow with 

their cloudy inclusion-rich cores and sector zoned rims, the 

rocks at HighREE preserve sector and finely zoned zircon 

in their cores with distinct and reproducible ages relative to 

their rims. These older core ages of 1239 ± 14 Ma and 1230 

± 19 Ma for samples 22ZM0390B01 and 22ZM0442A01, 

respectively, are interpreted as the igneous crystallization 

ages of the metaluminous granites. The sector zoned rims 

with ages of 1021 ± 11 Ma and 1013 ± 10 Ma (samples 

22ZM0390B01 and 22ZM0442A01, respectively) are inter-

preted to represent a metamorphic event, although as dis-

cussed above, given the sector zoning in these rims, which 

is generally indicative of growth in a fluid/magmatic envi-

ronment, these may represent an episode of partial melting. 

Both igneous crystallization and metamorphism/ partial 

melting in each of the two HighREE metaluminous granites 

are coeval with one another.  

 

The 1473 ± 13 Ma age from augen gneiss north of 

Foxtrot is interpreted as the crystallization age. The less 

well-constrained age of 1071 ± 14 Ma from zircon rims is 

interpreted as the metamorphic age. This age of metamor-

phism is also known at Deep Fox (1065.9 ± 8.2 Ma, 

Magyarosi and Rayner, 2023) as well as Fox Meadow. 

 

DISCUSSION 
 

Previous analyses of the Fox Harbour alkaline-silicate 

rocks returned two clusters of igneous ages separated by ~60 

Ma, one between ca. 1344 and 1298 Ma and the other 

between ca. 1279 and 1211 Ma, with the older age being 

more common in the east and the younger age being more 

common in the west (Table 1, Figures 2 and 3), although this 

may be due to the lack of additional geochronology data. 

Dated samples in this report from Deep Fox and Fox 

Meadow are similar to the rest of FHB, supporting the inter-

pretation of two igneous stages, one ca. 1.24  and the other 

ca. 1.34 Ga, based on the oldest single ages preserved in the 

inclusion-rich cores. In this study, one of the older ages was 

determined from a sample in the west (sample 

21ZM053A01, 1344 ± 24 Ma), suggesting that the older age 

may be more widespread, at least along the FHB. Grenville-

age zircon in the FHB (ranging between 1049.8 ± 9.3 and 

1074.4 ± 9.1 Ma), occurring both as new growth (sector 

zoned) and recrystallized material (mosaic texture) domi-

nate the zircon population. Profound partial melting, or 

addition of silicate melts, would be required for the exten-

sive growth of the 1.05–1.07 Ga sector-zoned zircon 

observed here. 

 

Igneous crystallization ages of ca. 1230–1239 Ma at 

HighREE indicate that these granites are part of FHS, as 

previously suggested (Magyarosi and Rayner, 2024), and 

further indicates that they represent the parent intrusions of 

the REE pegmatites based on spatial association. Although, 

pegmatites from HighREE were not dated, the similar age of 

a REE-rich pegmatite from the nearby Pesky Hill (Table 1) 

also points to the strong genetic link between pegmatites and 

spatially associated intrusions. The older igneous age of ca. 
1310 Ma was not detected in the HighREE samples. 

 

Metamorphism resulted in various degrees of recrystal-

lization of the inclusion-rich zircon cores, as discussed ear-

lier, and rim overgrowths are observed in most samples. The 

metamorphic ages in the analyzed samples show two clus-

ters: one between ca. 1050 and 1075 Ma, present in the FHB 

samples and its host rock north of Foxtrot, and the other 

between ca. 1013 and 1021 Ma in the HighREE samples. 

These results are consistent with previous results (see Table 

1, Figures 2 and 3).  

 

The augen gneiss, located north of the Foxtrot occur-

rence, yields a crystallization age of 1473 ± 13 Ma along with 

inheritance at ca. 1700 Ma, which is consistent with ages of 

the rocks from the surrounding area although it is more com-
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mon in the Pinware terrane (Tucker and Gower, 1994; Haley, 

2014; Prieto Moreno, pers. comm., 2024). This result resolves 

the controversy regarding the spatial extent of the FHB 

(Magyarosi, 2022). It confirms that the FHB intrudes older 

rocks, which are not part of the alkaline-silicate igneous sys-

tem (Miller, 2015; Gower, 2019). However, the reason for the 

more widespread presence of this Pinwarian age in the Mealy 

Mountains terrane will need more detailed work from a tec-

tonic and structural perspective.  
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