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Abstract

Zircon U-Pb geochronology was conducted on six distinct crustal units within a well-constrained study area on eastern Hall
Peninsula, Baffin Island. The U-Pb isotopic ages range from ca. 3209 to 2682 Ma4, outlining a protracted period of Archean
magmatic activity and highlighting the previously unrecognized heterogeneity of this orthogneiss suite. Integrating the U-
Pb isotopic age data with high-resolution zircon imaging and Th/U ratios, several samples were interpreted to have both an
Archean crystallization age and an Archean metamorphic-overprint age. Crystallization ages, characterized by prismatic
zircon grains with well-defined oscillatory-growth zoning, range from ca. 2.98 to 2.75 Ga. Archean metamorphic-overprint
ages, characterized by rounded zircon grains that are commonly unzoned or sector zoned, or have an irregular internal struc-
ture, range from ca. 2.74 to 2.68 Ga. Constraining the timing of Archean crystallization and metamorphism is a key step in
fingerprinting the Archean orthogneiss complex of Hall Peninsula. The data can be used for comparison with adjacent
Archean terrains, and correlations critical for paleoplate reconstructions for the Baffin Island and subarctic regions can be
established.

Résumé

Six unités distinctes de la croûte situées dans une zone d’étude bien délimitée de la partie orientale de la péninsule Hall ont
été analysées au moyen de la géochronologie U-Pb sur zircon. Les âges radiométriques obtenus se situent entre environ
3209 et 2682 Ma5; ils témoignent d’une période prolongée d’activité magmatique archéenne et mettent en évidence
l’hétérogénéité jusqu’à présent non reconnue de cette suite d’orthogneiss. Grâce à la conjugaison des âges radiométriques
établis à l’aide de la méthode U-Pb, de l’imagerie à haute résolution des zircons et des rapports Th/U, on a pu établir que
certains échantillons font preuve à la fois d’un âge de cristallisation archéen et d’un âge de surimposition archéen. Les âges
de cristallisation, laquelle est caractérisée par la présence de grains de zircon prismatiques à zonation oscillatoire bien
définie, varient entre environ 2,89 et 2,75 Ga. Les âges correspondant à la surimposition, qui elle se reconnaît à la présence
de grains de zircon arrondis, le plus souvent sans zonation ou à zonation en secteurs, ou qui se signale par une structure
interne irrégulière, se situent entre environ 2,74 et 2,68 Ga. L’établissement de la plage de temps exact au cours de laquelle
se sont produits les épisodes de cristallisation et de métamorphisme constitue une des étapes principales dans la
détermination des caractéristiques du complexe d’orthogneiss archéen de la péninsule Hall. Les données recueillies
peuvent server à établir non seulement des comparaisons avec des terrains archéens adjacents, mais aussi des corrélations
essentielles à la reconstruction des paléoplates-formes des régions subarctiques et de l’île de Baffin.
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4When ‘ca.’ is used before an age range, it applies to both end members of the range.
5Lorsque « environ » précède un intervalle d’âges, il s’applique aux deux termes extrêmes de l’intervalle
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Introduction

This study is part of the Hall Peninsula Integrated Geoscience
Project (HPIGP), led by the Canada-Nunavut Geoscience
Office (CNGO) in collaboration with the Geological Sur-
vey of Canada (GSC) and a number of Canadian universi-
ties. While the broad focus of the HPIGP is the production
of bedrock and surficial geological maps, this study targets
the Archean geological history of Hall Peninsula.

An overview of the geology of Hall Peninsula can be found
in Machado et al. (2013b) and Steenkamp and St-Onge
(2014). The Archean rocks of Hall Peninsula are a complex
assortment of polydeformed and polymetamorphosed
rocks collectively termed “the Archean orthogneiss com-
plex” (From et al., 2013). The Archean orthogneiss com-
plex dominates eastern Hall Peninsula (Figure 1) and is
composed mostly of gneissic to migmatitic tonalite to mon-
zogranite with subsidiary components of syenogranite and
localized ultramafic pods. Paleoproterozoic metasediment-
ary units disconformably overlie the Archean orthogneiss
complex (Steenkamp and St-Onge, 2014) and are tectoni-
cally interleaved in thick-skinned imbricate folds and
thrusts as slivers and panels ranging from 20 cm to several
kilometres in thickness (Machado et al., 2013).

The Archean orthogneiss complex is very heterogeneous;
seven distinct units along a 700 m transect on east-central
Hall Peninsula were recognized (Figure 2) and are docu-
mented in From et al. (2014). In brief, the study area is dom-
inated by porphyroclastic monzogranite gneiss that in-
trudes several older orthogneiss units, each with distinct
characteristics. Relatively undeformed, coarse-grained
syenogranite intrudes all units. Uranium-lead geochronol-
ogy (presented here) was completed on six of these rock
units to determine the time span of Archean magmatism,
confirm the field relationships observed in the study area
and begin to characterize the Archean orthogneiss complex.

Previous age determinations

Previous reconnaissance-scale U-Pb age determinations of
the Archean orthogneiss complex were carried out by Scott
(1999) and Rayner (2014a, b, 2015a, b). Scott (1999) ana-
lyzed zircon and titanite in four samples of foliated tonalite
along the eastern coast of Hall Peninsula and one foliated
tonalite along a narrow east-west transect on central Hall
Peninsula (Figure 1) using the isotope dilution–thermal
ionization mass spectrometry (ID-TIMS) method. The re-
sulting 207Pb/206Pb ages of 2920 +8/–6, 2848 ±3, 2844 +6/–5
and 2797 +27/–15 Ma were interpreted as magmatic crys-
tallization ages. In addition, zircon from three separate gra-
nitic dykes that intrude the gneisses along the eastern coast
gave ages of 2835 ±11, 2768 ±13 and 2820 ±5 Ma. Analy-
ses of titanite from the same granitic dykes returned much
younger ages between ca. 1730 and 1842 Ma. Conse-
quently, the Archean zircon from the intrusive granitic

dykes is interpreted to have either grown during initial em-
placement of the veins or been inherited as xenocrysts
within Paleoproterozoic granitic dykes (Scott, 1999).

Subsequent investigations (Rayner, 2014a, b, 2015a, b) used
the sensitive high-resolution ion microprobe (SHRIMP) tech-
nique to determine the ages of four foliated tonalite gneiss
samples and one deformed megacrystic monzogranite col-
lected across central and eastern Hall Peninsula (Figure 1)
in order to calibrate the regional geological map legend.
The U-Pb isotopic ages of these samples were interpreted to
represent crystallization ages between 2701 ±2 and 2841
±3 Ma (Rayner, 2014a, b, 2015a, b). This work gave an essen-
tial understanding of the broad temporal extent of Archean
rock emplacement on eastern Hall Peninsula and sets the stage
for further, more detailed geochronological investigations.

Hypothesis for further investigation

The crustal provenance of the Archean orthogneiss com-
plex on eastern Hall Peninsula remains enigmatic. Based on
lithological similarities, geochronology and aeromagnetic
characteristics, these rocks have been previously inter-
preted to correlate with the Rae craton of northern Baffin
Island and western Greenland (Hoffman, 1988), the Meta
Incognita microcontinent of southern Baffin Island and
northern Labrador (St-Onge et al., 2009), the Aasiaat do-
main of central western Greenland (Hollis et al., 2006;
Thrane and Connelly, 2006; St-Onge et al., 2009) and the
Nain craton of northern Labrador (Scott and Campbell,
1993; Scott, 1999; Connelly, 2001; Wardle et al., 2002),
and as a unique and distinct microcontinent (Whalen et al.,
2010). Uranium-lead geochronology has proven to be an
effective method to identify and delineate other unique
pieces of crust that may have been tectonically amalgam-
ated in this region during the Trans-Hudson orogeny (e.g.,
St-Onge et al., 2002; Connelly et al., 2006; Corrigan et al.,
2009). Previous reconnaissance-scale geochronology in
the Archean orthogneiss complex has targeted mainly the
tonalitic gneiss, which was believed to be a significant com-
ponent of the complex. Recent detailed mapping of a small
study area on east-central Hall Peninsula characterized
seven distinct units within the Archean orthogneiss complex
(From et al., 2014), with monzogranite gneiss being the domi-
nant component. Therefore, further geochronological investi-
gation of the previously unidentified heterogeneity of gneiss-
es within the Archean orthogneiss complex is warranted.

Zircon was selected as the ideal mineral to use with U-Pb
isotopes because it is refractory and consequently resistant
to most magmatic, metamorphic and erosional processes
that may destroy or alter other common U-bearing acces-
sory minerals (Williams, 1992). The closure temperature of
Pb in zircon is very high (950 to >1000°C) and is not easily
reset (Lee et al., 1997; Möller et al., 2002). Within a single
zircon grain, it is not uncommon to observe distinct chemi-
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Figure 1: Geology of southern Hall Peninsula, Nunavut from data collected during the 2012 and 2013 field seasons, showing the
distribution of the principal units and the locations of previous U-Pb age determinations (modified from Machado et al., 2013). Lo-
cation of the study area is shown with a red star. Abbreviations: grt, garnet; bt, biotite; mag, magnetite; opx, orthopyroxene; cpx,
clinopyroxene.
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Figure 2: Detailed geology of the study area on east-central Hall Peninsula, Nunavut, with inset schematic map showing the gen-
eral geology of the surrounding area. The geological unit legend of the study area lists units from oldest to youngest (from top to bot-
tom), as interpreted in From et al. (2014), with black dots and sample numbers indicating the positions of samples analyzed for U-Pb
geochronology.



cal and structural domains, each preserving the chemical
conditions of a particular period of zircon crystallization.
Therefore, both the external morphology and the internal
chemical and structural zoning of each zircon grain must be
carefully considered when interpreting the relationship be-
tween particular domains and specific stages of the rocks’
history (e.g., Hanchar and Miller, 1993).

This paper presents SHRIMP U-Pb zircon results for a suite
of seven samples from distinct rock types documented with-
in the Archean basement complex, as defined in From et al.
(2014). The SHRIMP instrument specializes in isotopic anal-
ysis of mineral grains at the micrometre scale and is an ideal
tool to help unravel the timing of past geological events in
complex and polydeformed rocks, such as those of Hall
Peninsula. If the distinct rock units in question are all
Archean in age, then they may provide a more detailed age
range for the formation of the Archean orthogneiss complex
and help to identify any recorded Archean tectonothermal
events. Furthermore, refinement of the timing of Archean
crustal genesis may provide insight into discriminating dif-
ferent geological processes active during the Archean.

Analytical methods

Seven samples were disaggregated (fine to medium sand
size) using standard crushing and pulverizing techniques
followed by density separation using a Wilfley table. The
crushed material was further separated by density using
heavy liquids (methylene iodide) and subsequently a mag-
netic separator to isolate the zircon separate. Details re-
garding the procedure, or any deviations from it, are noted
in the sections describing specific samples.

The SHRIMP analytical procedures are described in Stern 
(1997), with reference material and U-Pb calibration meth-
odology following Stern and Amelin (2003). In brief, zir-
cons were set in 2.5 cm diameter epoxy mounts (GSC ep-
oxy mounts #733 and #690) along with fragments of the 
GSC zircon laboratory standards (z6266 with 206Pb/238U 
age of 559 Ma; z1242 with 207Pb/206Pb age of 2679 Ma). 
The epoxy mounts were polished and cores of the zircons 
were exposed using 9, 6 and 1 ìm diamond polishing com-
pounds. The internal structure and features of the zircons 
were then characterized in backscattered electron (BSE) 
mode and cathodoluminescence (CL) mode using a Zeiss 
Evo® 50 scanning electron microscope. Details of the 
SHRIMP analytical session, including spot size, number of 
scans, age/error of standard, calibration error and the appli-
cation of any intra-element fractionation corrections are 
given in the footnotes of the data table (From and Rayner, 
2015)6. The count rates of 11 masses including background

were sequentially measured with a single electron multi-
plier. Offline data processing was accomplished using
SQUID2 (version 2.22.08.04.30, revised April 30, 2008).
The 1ó external errors of 206Pb/238U ratios reported in the
data table incorporate the error in calibrating the standard.
Common Pb correction used the Pb composition of the sur-
face blank (Stern, 1997). Isoplot version 3.00 (Ludwig,
2003) was used to generate concordia plots and calculate
weighted means. The error ellipses on the concordia dia-
grams and the weighted-mean errors in the text and on the
figures are reported at the 2ó uncertainty level.

U-Pb results

A separate section for each sample is presented here, and
contains lithology and zircon descriptions, a summary of
the geochronological results and a geological interpreta-
tion. All analytical results can be found in the accompany-
ing data table (From and Rayner, 2015).

12MBC-S116A – monzogranite gneiss

Sample description

The monzogranite gneiss is typically greyish white on both
weathered and fresh surfaces, and is intruded by coarse-
grained leucocratic veins. A sample was collected, care-
fully avoiding the veins, just west-northwest of the detailed
study area as part of a larger scale traverse in 2012. The
sample is fine grained and has a mineral foliation defined
by hornblende and biotite. The mineralogy is 30% quartz,
20% K-feldspar, 20% plagioclase, 20% biotite, 5% titanite
and 5% hornblende.

Zircon grains separated from this sample are generally
subrounded, prismatic to ovoid, and slightly elongate (as-
pect ratios up to 3:1; <200 ìm long). The zircons show well-
defined, fine- to medium-scale oscillatory-growth zoning
in BSE and CL images (Figure 3a, b). A few grains have
overgrowths that are unzoned or irregularly zoned (Fig-
ure 3b).

Results and interpretation

Thirty-two analyses were conducted on 25 separate zircon
grains, yielding 207Pb/206Pb ages between ca. 2988 and
2716 Ma. Acluster of the thirteen oldest ages, ranging from
ca. 2988 to 2969 Ma, is characterized by well-defined, fine-
scale growth zonation and has a weighted-mean 207Pb/206Pb
age of 2976 ±4 Ma (n = 10; mean square of weighted devi-
ates [MSWD] = 2.0; Figure 3c), interpreted as the crystalli-
zation age of this monzogranite. The remaining younger
ages (n = 11), ranging from ca. 2964 to 2943 Ma, cascade
toward three even younger ages of ca. 2901, 2837 and
2716 Ma. Two of these young results (ca. 2901 and
2837 Ma) are from homogeneous overgrowth rims that
have relatively high U values (673 to 3834 ppm) and low
Th/U values (0.12 to 0.16), compared to the older zircon
grains. These dates may be related to non-zero-age Pb loss
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6CNGO Geoscience Data Series GDS2015-009, containing the
data or other information sources used to compile this paper, is
available online to download free of charge at http://cngo.ca/
summary-of-activities/2015/.



(where Pb is leaked from the zircon during open-system be-
haviour) or perhaps recrystallization of zircon due to
tectonothermal activity associated with the emplacement of
younger magmatic rocks. The youngest date of ca. 2716 Ma
comes from a zircon with a particularly clean core and rim

relationship that can be interpreted to represent initial crys-
tallization (core) and subsequent metamorphism (rim) of
this sample. However, with only one example of this rela-
tionship, an alternative interpretation is that there was Pb
loss due to later tectonothermal events (after ca. 2716 Ma)
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Figure 3: Zircon images (white scale bars all 50 µm) showing spot analyses (correspond to analyses in From and Rayner (2015); errors
given at 1ó) and concordia diagrams with plotted ellipses and mean ages reported at the 2ó confidence level: a), b) BSE images of repre-
sentative zircons from sample 12MBC-S116A; c) concordia diagram of U-Pb results from sample 12MBC-S116A; dark grey ellipses corre-
spond to ages used to calculate the crystallization age and light grey ellipses are ages excluded from the crystallization-age calculation
(see text for discussion); d), e) BSE images of representative zircons from sample 13SUB-F151A; f) concordia diagram of U-Pb results
from sample 13SUB-F151A; dark grey ellipses correspond to ages used to calculate the crystallization age and light grey ellipses are ages
excluded from the crystallization-age calculation; unfilled ellipses denote metamorphic ages (see text for discussion). Abbreviation: BSE,
backscattered electron.



that may have partially reset the isotope systematics of the
older, oscillatory-zoned zircon (e.g., Pb loss through partial
recrystallization), resulting in the age scatter.

13SUB-F151A – megacrystic granodiorite gneiss

Rock description

The megacrystic granodiorite gneiss is medium to coarse
grained and characterized by a pervasive L-tectonite fabric
defined by elongate, relict plagioclase phenocrysts that are
commonly surrounded by hornblende. There are fine-
grained mafic lenses composed of hornblende+biotite+
epidote quartz diorite. A homogeneous sample without
mafic material was collected from the southwestern edge of
the detailed study area (Figure 2). The dated sample is me-
dium grained with 40% quartz, 30% plagioclase, 15%
hornblende, 10% biotite and 5% titanite.

Zircon grains separated from this sample are dominantly
ovoid with rounded grain edges, while only a few grains are
elongate and prismatic (aspect ratios 3:1; <200 ìm long).
Images (BSE and CL) of the zircon show that most grains
have fine-scale oscillatory-growth zonation throughout the
entire grain (Figure 3d), with a few grains having more dif-
fuse oscillatory zones toward the outer edges. All of the
grains have a thin, unzoned, high-U rim (bright in BSE im-
ages), but only three of these unzoned rims were large
enough for a spot analysis (Figure 3e).

Results and interpretation

Thirty-six analyses were conducted on 31 separate zircon
grains, yielding 207Pb/206Pb ages between ca. 2945 and
2690 Ma (From and Rayner, 2015). The nine oldest 207Pb/
206Pb ages, from ca. 2945 to 2917 Ma, were collected in ar-
eas of zircon grains with fine-scale oscillatory-growth zon-
ing and are interpreted as the crystallization age of the mega-
crystic granodiorite gneiss. These data yield a weighted-
mean 207Pb/206Pb age of 2928 ±5 Ma (n = 14, MSWD = 1.5;
Figure 3f). Younger ages (n = 17), from ca. 2913 to
2718 Ma, appear to cascade down to a small cluster of anal-
yses collected from the unzoned overgrowths. The three
overgrowths produced ages between ca. 2718 and 2690 Ma,
and are characterized by high U (563 to 1497 ppm) and low
Th/U (0.07 to 0.18) compared to the analyses with older
ages (U concentrations of 55 to 259 ppm and Th/U ratios of
0.39 to 0.73). These three zircon overgrowths are inter-
preted to have formed during a separate episode of meta-
morphism and zircon growth. This metamorphic event may
have partially reset the isotope systematics of the older, os-
cillatory-zoned zircon (e.g., Pb loss through partial
recrystallization), resulting in the scatter toward younger
ages.

13SUB-F155B – grey tonalite gneiss

Rock description

The grey tonalite gneiss is found only as a semicontinuous
raft (5 m wide by 25 m long) in monzogranite gneiss
(13SUB-F155A) and has a distinct grey weathering surface
and a black and white fresh surface. There are local discon-
tinuous mafic lenses (13SUB-F155C) and thin (millimetre-
scale) trondhjemitic segregations that define the gneissic
foliation. The tonalite gneiss is intruded by centimetre- to
metre-scale dykes of the monzogranitic gneiss (13SUB-
F155A) concordant to, but locally crosscutting, the
gneissic fabric. A homogeneous sample of the grey tonalite
gneiss, excluding stringers and other crosscutting compo-
nents, was collected from the northeastern edge of the de-
tailed study area (Figure 2). The dated sample is fine
grained with a mineral foliation defined by hornblende and
biotite. The mineralogy is 40% quartz, 30% plagioclase,
15% hornblende, 10% biotite, 3% K-feldspar and 2%
apatite.

Zircon grains separated from this sample have varied mor-
phological and zonation characteristics. In general, the ma-
jority of grains are mostly ovoid, while a minor population
is elongate and prismatic (aspect ratios up to 3:1; <220 ìm
long). Most of the zircons have fine-scale oscillatory-
growth zonation (Figure 4a). These zircons may have cores
(Figure 4b) and unzoned overgrowth domains (Figure 4c).
There is a separate population of stubby, generally rounded
zircon that is unzoned or sector zoned (Figure 4d).

Results and interpretation

Forty-three analyses were conducted on 37 separate zircon
grains, yielding 207Pb/206Pb ages between ca. 3209 and
2671 Ma (From and Rayner, 2015). The oldest ages, ca.
3209 to 2846 Ma, are from the cores of zircon grains that
are overgrown by oscillatory-zoned zircon material (Fig-
ure 4d) and are interpreted as inherited cores. Atight cluster
of ages, between ca. 2820 and 2806 Ma, with well-defined,
fine-scale oscillatory-growth zonation and consistent Th/U
values (0.33 to 0.53) are interpreted to represent the crystal-
lization age of the grey tonalite gneiss. These data give a
207Pb/206Pb weighted-mean age of 2810 ±3 Ma (n = 6,
MSWD = 0.74; Figure 4e). Four younger ages, from ca.
2794 to 2766 Ma, are from oscillatory-zoned zircon with
high U and low Th/U values (0.05 to 0.39), and may repre-
sent scatter of ages due to Pb loss (see below). The youngest
zircon ages, from ca. 2738 to 2671 Ma, are from zircon
overgrowth rims and stubby single grains. Many of these
zircons are unzoned and have Th/U ratios that are two to
four times higher than the Th/U values from all other zir-
cons previously mentioned (0.69 to 1.36). These ages sug-
gest a separate episode of zircon growth with a weighted-
mean 207Pb/206Pb age of 2727 ±5 (n = 13, MSWD = 2.2).
This separate episode of zircon growth is likely from an
Archean tectonothermal event that may have partially reset
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the isotope systematics of the older, oscillatory-zoned zir-
con (e.g., Pb loss through partial recrystallization), result-
ing in the scatter toward younger ages.

13SUB-F155C – mafic lenses

Rock description

The discontinuous hornblende diorite lenses occur within
the tonalite gneiss (13SUB-F155B) and are generally elon-
gate parallel to the gneissosity. The mineralogy of these
mafic lenses is homogeneous, comprising 55% horn-
blende, 15% biotite, 15% plagioclase, 10% quartz, and 5%
accessory allanite and apatite. Initially, these mafic lenses
were thought to be boudins of a nearby pyroxene diorite
unit (From et al., 2014), but the mafic lenses within the grey
tonalite gneiss do not contain any pyroxene and have a sig-
nificantly different texture than the pyroxene diorite, based
on petrographic analyses, making it unlikely that these
mafic lenses are derived from the pyroxene diorite. A sam-
ple was collected from the largest mafic horizon (40 cm
wide by 80 cm long), observed just a few metres from the
grey tonalite gneiss sample (Figure 2).

Zircon grains separated from this sample are ovoid with
rounded edges. Images (BSE and CL) show that most of the
grains are unzoned, with a few grains containing sector
zoning (Figure 4f, g). In several unzoned grains, there are
visible internal cores that are darker in BSE images. Several
grains have thin, unzoned overgrowth rims that appear dark
in BSE images (Figure 4g).

Results and interpretation

Thirty-four analyses were conducted on 22 zircon grains,
yielding a range of 207Pb/206Pb ages between ca. 2850 and
1825 Ma (From and Rayner, 2015). The four oldest ages,
between ca. 2850 and 2777 Ma, are from zircon cores with
low Th/U values (0.02 to 0.07); these zircon domains are
interpreted as a xenocrystic component. Sixteen 207Pb/
206Pb ages between ca. 2724 and 2621 Ma are all from the
ovoid, unzoned zircon with Th/U values of 0.07 to 0.31.
Within this grouping, a cluster of eight analyses gives a
207Pb/206Pb weighted-mean age of 2700 ±3 Ma (MSWD =
1.2; Figure 4h). This cluster excludes four outlier ages of
ca. 2724 to 2714 Ma. The remaining Archean ages, from ca.
2693 to 2621 Ma, likely represent scatter due to non-zero
Pb loss. The seven youngest ages, from ca. 1882 to
1826 Ma, are from the thin, unzoned overgrowth rims,
which appear black in BSE images and have distinct, low
Th/U values (0.01). These zircon rims are interpreted to
have grown due to metamorphism during the Paleoprotero-
zoic Trans-Hudson orogeny (St-Onge et al., 2007), which
may have also been the thermotectonic event responsible
for the non-zero Pb loss of the slightly older ages.

As these mafic lenses were observed only within the tona-
lite gneiss, they were inferred in the field to be xenoliths or

rafts and consequently older than their host (13SUB-
F155B, with a crystallization age of 2810 ±3 Ma). The re-
sulting younger age (2700 ±3 Ma) was unexpected. The re-
vised age relationships among all the samples in the de-
tailed transect will be dealt with in the ‘Discussion’section.

13SUB-F155A – porphyroclastic monzogranite
gneiss

Rock description

The porphyroclastic monzogranite gneiss is fine grained
with greyish-white weathered and fresh surfaces, and com-
monly contains biotite, hornblende and epidote. There is a
characteristic porphyroclastic texture in which K-feldspar
porphyroclasts of various sizes (0.5 to 5 cm) are commonly
sheared and interconnected by recrystallized bands of finer
grained K-feldspar. The porphyroclasts are interpreted to
have been derived from the disaggregation of coarse-
grained syenogranitic veins. The monzogranite gneiss en-
trains and intrudes into the tonalite gneiss (13SUB-
F155B). A representative sample of homogeneous monzo-
granite gneiss, with minimal porphyroclastic material and
mineral segregations, was collected on the northeastern
edge of the detailed study area (Figure 2). The sample is
medium to coarse grained with a well-developed mineral
foliation defined by biotite and hornblende. The mineral-
ogy is 40% quartz, 35% K-feldspar, 10% plagioclase, 5%
biotite, 5% hornblende, 2% epidote, 2% chlorite and 1%
magnetite.

Zircon separated from this sample is divided into two mor-
phological groups: elongate prismatic (aspect ratios up to
4:1; <200 ìm long) grains and ovoid grains with rounded
edges. Images (BSE and CL) show that the elongate pris-
matic zircon grains have well-defined, fine-scale, oscilla-
tory-zoned cores (Figure 4i) and homogeneous overgrowths
(Figure 4i). The population of ovoid, rounded grains is gen-
erally unzoned or sector zoned (Figure 4j).
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Figure 4: Zircon images (white scale bars all 50 µm) showing spot
analyses (correspond to analyses in From and Rayner (2015); er-
rors given at 1ó) and concordia diagrams with plotted ellipses and
mean ages reported at the 2ó confidence level: a), b), c), d) BSE
images of representative zircons from sample 13SUB-F155B;
e) concordia diagram of U-Pb results from sample 13SUB-F155B;
dark grey ellipses correspond to ages used to calculate the crystal-
lization age; light grey ellipses are ages excluded from the crystalli-
zation-age calculation; unfilled ellipses denote metamorphic ages
used to calculate the weighted-mean age of metamorphism (see
text for discussion); f), g) BSE images of representative zircons
from sample 13SUB-F155C; h) concordia diagram of U-Pb results
from sample 13SUB-F155C; dark grey ellipses correspond to ages
used to calculate the crystallization age; light grey ellipses are
ages excluded from the crystallization-age calculation. i), j) BSE
images of representative zircons from sample 13SUB-F155A.;
k) concordia diagram of U-Pb results from sample 13SUB-F155A;
dark grey ellipses correspond to ages used to calculate the crystal-
lization age; light grey ellipses are ages excluded from the crystalli-
zation-age calculation; unfilled ellipses denote ages used to calcu-
late the weighted-mean age of metamorphism (see text for
discussion). Abbreviation: BSE, backscattered electron.
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Results and interpretation

Forty-three analyses were conducted on 37 zircon grains,
yielding 207Pb/206Pb ages between 2984 and 2687 Ma
(From and Rayner, 2015). The six oldest ages, between ca.
2984 and 2810 Ma, were from domains with irregular

zonation that are interpreted as xenocrystic components.
Ten ages between ca. 2761 and 2742 Ma have well-defined,
fine-scale oscillatory-growth zonation and high U concen-
trations (689 to 3639 ppm), and yield a weighted-mean
207Pb/206Pb age of 2752 ±3 Ma (MSWD = 5.4; Figure 4k),
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Figure 5: Zircon images (white scale bars all 50 µm) showing spot analyses (correspond to analyses in From and Rayner (2015); errors
given at 1ó) and concordia diagrams with plotted ellipses and mean ages reported at the 2ó confidence level: a), b) BSE images of repre-
sentative zircons from sample 13SUB-F152A; c) concordia diagram of U-Pb results from sample 13SUB-F152A; dark grey ellipses corre-
spond to ages used to calculate the crystallization age; light grey ellipses are ages excluded from the crystallization-age calculation (see
text for discussion); d), e) BSE images of representative zircons from sample 13SUB-F150A; f) concordia diagram of U-Pb results from
sample 13SUB-F150A; dark grey ellipses correspond to ages used to calculate the crystallization age; light grey ellipses are ages excluded
from the crystallization-age calculation (see text for discussion). Abbreviation: BSE, backscattered electron.



interpreted to represent the crystallization age. The remain-
ing younger ages (n = 25), from ca. 2737 to 2687 Ma, have
distinctly lower U concentrations, typically between 200
and 650 ppm, and are generally ovoid with sector zoning, or
are unzoned. These ages are interpreted to record a separate
episode of zircon growth with a weighted-mean age of
2728 ±4 Ma (n = 10, MSWD = 3.4). Several zircons in this
youngest cluster (ca. 2737 to 2687 Ma) show oscillatory
zonation; therefore, these data are interpreted to be scatter
of the oscillatory-zoned zircon population ca. 2761 to 2742 Ma
and are not included in the weighted mean of the youngest
zircon-growth episode defined by the ovoid, unzoned
grains.

13SUB-F152A – magnetite-bearing monzogranite
gneiss

Rock description

The magnetite-bearing monzogranite gneiss is medium
grained with greyish-white fresh and weathered surfaces.
This rock is characterized by abundant melt segregations
(leucosomes) that have haloes enriched in mafic minerals
(melanosomes). These leucosomes are a prominent feature
of this unit, as they locally crosscut the gneissic foliation
but are also folded themselves. Magnetite is pervasive
throughout the unit, with a slight concentration along
leucosome-melanosome boundaries. A homogeneous sam-
ple of magnetite-bearing monzogranite gneiss containing
minimal felsic material was collected from the central por-
tion of the study area (Figure 2). The sample is medium
grained with a mineral foliation defined by hornblende and
biotite. The mineralogy is 25% quartz, 20% K-feldspar,
20% plagioclase, 15% biotite, 10% titanite and 10% horn-
blende.

Zircon grains separated from this sample are dominantly
ovoid, with some being prismatic and elongate (aspect ra-
tios up to 4:1; <200 ìm long). Images (BSE and CL) show
faint and slightly irregular oscillatory-growth zonation,
sometimes with internal discontinuities that truncate
zonation (Figure 5a, b). All grains have thin, unzoned over-
growth rims (dark in BSE images), but only three of these
unzoned rims were large enough for a spot analysis
(Figure 5b).

Results and interpretation

Twenty-five analyses were conducted on 20 zircon grains.
Twenty analyses yielded 207Pb/206Pb ages between ca.
2746 and 2709 Ma (From and Rayner, 2015). These ages
are indistinguishable chemically or by zonation character-
istics and yield a weighted-mean age of 2728 ±5 Ma (n = 20,
MSWD = 1.2; Figure 5c) that is interpreted as the crystalli-
zation age of the magnetite-bearing monzogranite. The
three youngest ages, between ca. 1838 to 1740 Ma, are pre-
served in thin, unzoned rims that have low Th/U values
(0.01 to 0.12) compared to the Archean zircon (0.33 to

3.52) and are dark in BSE images. These zircon domains
are interpreted to have grown due to metamorphism during
the Paleoproterozoic Trans-Hudson orogeny (St-Onge et
al., 2007).

13SUB-F150A – porphyroclastic monzogranite
gneiss

Rock description

The monzogranite gneiss is characterized by a K-feldspar–
porphyroclastic texture similar to that of 13SUB-F155A.
The gneiss is fine grained with abundant mineral clots of bi-
otite±hornblende±magnetite and local mineral clots con-
sisting of relict orthopyroxene+clinopyroxene+hornblende.
A sample was collected with minimal porphyroclastic ma-
terial and mineral segregations from the western side of the
detailed study area (Figure 2). It is fine grained with a mod-
erate foliation defined by biotite. The mineralogy is 30%
quartz, 25% plagioclase, 25% K-feldspar, 10% biotite, 5%
titanite, 3% apatite and 2% allanite.

Zircon grains separated from this sample are generally
elongate (aspect ratios up to 3:1; <200 ìm long), with most
grains having subrounded rather than prismatic grain
edges. There are several ovoid grains. Images (BSE and
CL) of the zircon grains show cores with faint, fine-scale
oscillatory-growth zoning (Figure 5d, e) and overgrowth
rims that are generally unzoned. A few of the rims have
faint oscillatory zoning at a broad scale (Figure 5a). There
are also several equant to ovoid, single grains that are
unzoned.

Results and interpretation

Twenty-seven analyses were conducted on 26 zircon
grains, yielding 207Pb/206Pb ages between 2810 and
1732 Ma (From and Rayner, 2015). The three oldest ages,
between ca. 2810 and 2782 Ma, are from zircon cores,
which are interpreted to be xenocrystic components. A
cluster of 15 ages between ca. 2731 and 2708 Ma is inter-
preted as the crystallization age of the monzogranite. These
ages have a weighted-mean 207Pb/206Pb age of 2720 ±4 Ma
(n = 15, MSWD = 1.7; Figure 5f). Two zircon analyses with
younger ages of ca. 2695 and 2686 Ma are interpreted to
have been the result of non-zero Pb loss (see below). The
two youngest results, ca. 1843 and 1732 Ma, are derived
from unzoned rims that are dark in BSE images and have
low Th/U values (0.05 to 0.08). The rims are interpreted to
have grown due to metamorphism during the Paleoprotero-
zoic Trans-Hudson orogeny (St-Onge et al., 2007) and may
explain the scattered Archean ages that are interpreted to
have experienced non-zero Pb loss.
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Discussion

Magmatic versus metamorphic zircon ages

The U-Pb data show that this study area within the Archean
orthogneiss complex of Hall Peninsula has a wide range of
Archean spot ages: ca. 3209 to 2682 Ma. However, the de-
tailed assessment of zircon morphology and zonation char-
acteristics allows for a more detailed interpretation of mag-
matic versus metamorphic zircon-growth events.

The ages of all analyses from the study area and two addi-
tional Archean orthogneiss samples from eastern Hall Pen-
insula (12MBC-F105A, 12MBC-F096A; Rayner,
2014a, b) can be grouped based on the zircon domain char-
acteristics as having oscillatory, irregular or no zonation
(Figure 6). Analyses from several samples with oscillatory-
growth zoning (12MBC-S116A, 13SUB-F151A, 13SUB-
F155B, 13SUB-F155A, 13SUB-F150A) provide crystalli-
zation ages ranging from 2976 ±4 to 2752 ±3 Ma. Unzoned,
and irregular- and sector-zoned zircon ages define a consis-
tent range of ca. 2.74 to 2.68 Ga in every sample (Figure 6).
The unzoned zircons are generally ovoid with rounded
grain edges and show Th/U values that are anomalous com-
pared to values from the older ages that are generally
oscillatory-growth zoned.

Three samples specifically indicate that the Th/U values of
the igneous crystallization ages are distinct from the Th/U
values of the metamorphic ages. In the tonalite gneiss
(13SUB-F155B), the distinct oscillatory-zoned zircons
used to interpret the crystallization age had consistent Th/U
values (0.33 to 0.53), whereas the irregularly zoned and un-
zoned zircons show a broad range of Th/U values (0.05

to 1.36), with most of the values greater than 0.53. Typi-
cally, zircon that has grown or been modified after initial
magmatic crystallization of the rock has a lower Th/U value
than magmatic zircon (Pidgeon, 1992). Although zircon
with Th/U values <0.1 is usually thought to be melt precipi-
tated after initial crystallization, it has been shown that
magmatic zircon can have a large Th/U value range of 0.1 to
1.0 and higher (Rubatto, 2002), precluding interpretations
based solely on Th/U values. Therefore, the consistency
between the zonation characteristics, Th/U values and
206Pb/207Pb ages is critical for identifying the different zir-
con-growth processes. In the megacrystic granodiorite
gneiss (13SUB-F151A), the three unzoned zircons with
ages between ca. 2.72 and 2.69 Ga have Th/U values (0.07
to 0.18) that are clearly distinguished from the larger Th/U
values (0.39 to 0.73) of the fine-scale oscillatory-growth
zoned zircons with ages between ca. 2.95 and 2.79 Ga. In
the biotite monzogranite (13SUB-F155A), the zircons dis-
playing fine-scale oscillatory-growth zoning have high U
and Th values of 689 to 3639 ppm and 277 to 3477 ppm, re-
spectively. The homogeneous, unzoned zircon rims have
distinctly low U and Th values of 206 to 619 ppm and 107
to 620 ppm, respectively, except for two zircons that have U
values of 2145 and 3062 ppm, sharing the distinctly high U
values of the oscillatory-zoned zircons (From and Rayner,
2015). These two zircons may have initially crystallized
with the oscillatory-zoned group at ca. 2752 ±3 Ma but
underwent non-zero Pb loss due to recrystallization and yet
preserved their initial anomalous U and Th content.

Interestingly, the remaining three samples that do not re-
cord multiple Archean zircon-growth events (13SUB-
F155C, 13SUB-F152A, 13SUB-F150A) instead record
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Figure 6: Summary of zircon U-Pb
207

Pb/
206

Pb age data for each sample analyzed from the study
area and two samples (12MBC-F105A, 12MBC-F096A) from the eastern Hall Peninsula
orthogneiss complex dated by Rayner (2014a, b). General zonation characteristics associated
with age clusters are shown in the legend.



Paleoproterozoic ages that are synchronous with the termi-
nal collision of the Trans-Hudson orogen, which occurred
from ca. 1.88 to 1.80 Ga (St-Onge et al., 2009). All of the
Paleoproterozoic zircon ages have low Th/U ratios of 0.01
to 0.12 and are clearly distinguished from the older Archean
zircon ages, which have Th/U ratios of 0.21 to 3.52.

Revised age relations between units

Relative emplacement ages of eight rock units were inter-
preted from field observations in From et al. (2014) based
on crosscutting relationships. The new U-Pb ages on six of
these units provide absolute constraints on the relationships
observed in the field (Table 1). There is an interesting com-
parison between the absolute ages and the field relation-
ships of the three samples collected from the 13SUB-F155
locality. Here, monzogranitic gneiss (13SUB-F155A) en-
trains a raft of tonalite gneiss (13SUB-F155B) that has dis-
continuous mafic lenses (13SUB-F155C). The mafic
lenses were observed only within the tonalite gneiss and
initially interpreted to be older than the tonalite gneiss. Sur-
prisingly, the U-Pb ages of the mafic lenses cluster around
2700 Ma, which is much younger than the tonalite gneiss
that has an interpreted crystallization age of 2810 ±3 Ma.
There are two possible interpretations of the data:

• The mafic lenses are older than the tonalite gneiss, crys-
tallizing initially as a coherent plutonic rock. Whole-
rock geochemistry of these mafic lenses shows they are
silica undersaturated, which has been linked with crys-
tallization of baddeleyite rather than zircon (Allibon et
al., 2011). Subsequent interaction between the mafic
rock and surrounding country rock during metamor-
phism caused the breakdown of baddeleyite and pro-
duced zircon during a tectonometamorphic event at ca.
2700 Ma.

• The mafic lenses crystallized at ca. 2700 Ma and were
subsequently dismembered into discontinuous mafic
lenses during the later emplacement of the tonalite
gneiss.

The observed field relationship of the monzogranite gneiss
(13SUB-F155A) entraining and locally intruding the
tonalite gneiss (13SUB-F155B) is confirmed by the U-Pb
ages. Ages collected from the fine-scale oscillatory-growth
zoning domains of the zircons from the monzogranite
gneiss range from ca. 2761 to 2742 Ma. This age range is
noticeably absent from the wide spectrum of ages found in
the tonalite gneiss. This absence of ages rules out the possi-
bility that those dated zircons are xenocrysts derived from
the tonalite gneiss. This also suggests that the younger ages
in the tonalite gneiss, ranging from ca. 2738 to 2671 Ma,
must be from a later episode of zircon crystallization, inter-
preted here as an Archean tectonothermal event. This inter-
pretation is further supported by the presence of ovoid, un-
zoned zircon single grains and overgrowth rims with ages
in that same age range from all three of these related units.

Sample 12MBC-S116A, a biotite monzogranite gneiss,
was taken just northwest of the study area and has the oldest
interpreted crystallization age (2976 ±4 Ma) found so far on
Hall Peninsula. This age is most comparable to the mega-
crystic granodiorite gneiss (13SUB-F151A), which has an
interpreted crystallization age of 2928 ±5 Ma, but the
lithological characteristics and overall textures of these two
rock units are very different. Therefore, the biotite monzo-
granite gneiss does not correlate with any other rock unit
within the study area, and is interpreted as a distinct monzo-
granite gneiss unit.

This study shows that a small area (700 m transect) within
the Archean orthogneiss complex records a complicated
and prolonged geological history. Considering the large
spatial extent of Archean rocks on eastern Hall Peninsula
(>20 000 km2; Figure 1), there likely remain many more un-
documented geological complexities that warrant further,
in-depth analysis.

Conclusions

The seven distinct units from within and around the de-
tailed study area on east-central Hall Peninsula delineate
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Table 1: Summary of the field relationships presented in From et al. (2014) compared to the zircon U-Pb age data for six samples
from the study area.



the protracted crystallization of Archean rocks at ca. 2.98,
2.97, 2.92 and 2.75 Ga. The timing of these crystallization
events corresponds to previous work completed on eastern
Hall Peninsula that documented emplacement of Archean
units from ca. 2.92 to 2.70 Ga (Scott, 1999; Rayner, 2014).
Detailed analyses of zircon morphology, structural and
chemical zoning characteristics, and Th/U ratios have elu-
cidated a period of subsolidus zircon modification from ca.
2.74 to 2.68 Ga. Zircon overgrowth domains, and new ho-
mogeneous and ovoid zircon grains crystallized during this
time period are likely due to metamorphism and are consis-
tent with the observed development of partial melt and
migmatization throughout the Archean orthogneiss
complex of eastern Hall Peninsula.

Future work

These newly presented U-Pb zircon ages set the stage for
further isotopic studies on the same rock units using
lutetium-hafnium (Lu-Hf) isotopes. Lutetium-hafnium
data can help to provide a more detailed understanding of
the magmatic history of the rocks from the detailed study
area. Because zircon effectively preserves the initial 176Hf/
177Hf ratios since the separation of rock-forming magma
from the chondritic uniform reservoir, information can be
gained about whether 1) all units in the study area were de-
rived from the same magma source, or 2) magma mixing
events occurred after the initial extraction (e.g., during par-
tial melting episodes). The same combination of isotopic
techniques can then be applied to samples collected from
across the Archean orthogneiss complex of Hall Peninsula
and the results compared with the dataset from this study.

Economic considerations

The Archean orthogneiss complex of eastern Hall Penin-
sula is known to host diamondiferous kimberlites, base
metals, gem-quality minerals (spinel, apatite and garnet)
and carving stone. The ages of Archean magmatism on
eastern Hall Peninsula presented here, and the identifica-
tion of Archean metamorphism allow for a more detailed
correlation and paleotectonic reconstruction with nearby
crustal blocks that may have other economic commodities
yet to be discovered on Hall Peninsula. In addition, infor-
mation from this study may help minimize investment risk
for diamond exploration by defining the spatial extent of
Archean rocks and providing further understanding of
tectonic reworking during the Paleoproterozoic.
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