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Abstract

The Paleoproterozoic Thelon Basin in Nunavat, Canada, is one of several large quartz-dominated sedimentary basins devel-
oped on Paleoproterozoic and Archean rocks of the Canadian Shield. Coarse-grained quartz to sub-feldspathic sandstones and
conglomerates of the Thelon Formation comprise the basin fill. Detrital zircons from the Thelon Formation have LAM-ICP-MS
207Pb–206Pb ages ranging from 3.94 to 1.78 Ga, but most are Neoarchean (2.70–2.50 Ga). Theδ18O values of quartz range from
7.7 to 13.9‰, and are typically 10–12‰. Ages, U/Zr ratios, and oxygen isotopic compositions of detrital quartz are consistent
with a predominantly Neoarchean metasedimentary source, such as surrounds the eastern Thelon Basin and comprises the bulk
of basement rocks within the Rae domain.

The three stratigraphic sequences of the Thelon Formation haveδ18O ranges for detrital quartz and zircon ages that further
constrain the source areas and support previous sequence-stratigraphic interpretations. The lower sequence contains reworked
siltstone and sandstone clasts and 2.50–1.85 Ga zircons indicating a contribution from Paleoproterozoic terranes. Detrital quartz
δ18O values range from 9.8 to 13.9‰, indicating a metamorphic source also, which is consistent with a proximal source for
the lower sequence. The middle sequence contains zircons exhibiting the widest range of ages (3.94–1.78 Ga). A >3.4 Ga
Paleoarchean zircon population, cannot be correlated to the immediately surrounding basement and therefore indicates a distal
source, possibly in the order of 1000–2000 km away. The upper sequence contains relatively few zircons due to extensive
alteration but ages are predominantly early Paleoproterozoic and Neoarchean. The upper sequence strata contain the lowestδ18O
values of quartz, indicating an influx of granitic material late in the depositional history of the basin. The geochronology and
geochemistry of detrital grains within the Thelon Formation indicate that the source areas evolved from predominantly proximal
to distal, and back to proximal as the basin filled.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The Thelon Basin is a large quartz arenite-dominated
Paleoproterozoic intracratonic basin that unconform-

∗ Corresponding author. Fax:+1-613-533-6592.
E-mail address: Palmer@students.geol.queensu.ca (S.E. Palmer).

ably overlies older Paleoproterozoic and Archean
basement rocks of the Rae domain in the Canadian
Shield (Fig. 1). The basin is a target for unconformity-
type uranium and base metal deposits formed through
mixing of circulating basinal brines with basement
fluids or rocks (e.g.Kotzer and Kyser, 1995; Kyser
et al., 2000; Renac et al., 2002). The western Thelon
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Fig. 1. Regional geology of the Canadian Shield showing Paleoproterozoic and Archean supracrustal successions and major tectonic assemblages surrounding the Rae-Hearne
paleoplatform (modified afterWheeler et al., 1996; Aspler and Chiarenzelli, 1996). Ages of granitic plutons and Paleoarchean basement are indicated. Arrows represent
paleocurrent directions afterFraser et al. (1970)in Paleoproterozoic supracrustal rocks of the Thelon Formation or time equivalents. The inset indicates major orogenic belts
(dark gray) and continental magmatic arcs (light gray) of the ca. 1.8–2.0 Ga pan-continental orogenic events that sutured Archean cratons: (1) Trans-Hudson orogen, (2)
Thelon–Talston magmatic zone (3) Foxe River fold belt, (4) Cape Smith belt and New Quebec orogen (probably a continuation of the Trans-Hudson) and (5)Torngat Orogen.
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Fig. 2. Geology of the eastern Thelon Basin and surrounding basement rocks showing paleocurrent directions fromDonaldson (1965). Drill hole locations and key outcrop
exposures are shown as circles (sampled for zircons and quartz) and squares (sampled for quartz).
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Fig. 3. Stratigraphic succession of basement underlying the Thelon Basin (afterGall et al., 1992). The Precambrian time scale (afterOkulitch, 1999) includes dark boxes that
indicate the distribution of ages from detrital zircons in the eastern Thelon Basin. Stratigraphy of the eastern Thelon Basin indicating three sequence-stratigraphic divisions
of Hiatt et al. (1999)and Hiatt et al. (2003) and locations of sampled horizons (arrows) including depths (m) are also shown.
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Basin is protected as part of the Thelon Game Sanctu-
ary (Fig. 1) and therefore inaccessible for study. Ex-
ploration drill holes transect the northeast corner of
the basin (Fig. 2), herein termed the eastern Thelon
Basin, and provide an excellent cross-section through
the preserved stratigraphy (Fig. 3).

The eastern Thelon Basin contains predominantly
fluvial and nearshore quartz arenites and conglom-
erates of the Thelon Formation, the lowest unit in
the Barrensland Group (Gall et al., 1992). Detailed
stratigraphic sections (Fig. 3), interpreted byHiatt
et al. (2003), indicate that the Thelon Formation
records three transgressive–regressive cycles, infor-
mally termed the lower, middle and upper sequences.
Intense leaching of hematite, replacement of detrital
feldspar, and other mineralogical changes observed in
various stratigraphic intervals indicate these sediments
have experienced substantial diagenesis (Renac et al.,
2002), which altered the bulk composition of the rock
making conventional source evaluation difficult. Cur-
rently, source area evaluation for the Thelon Forma-
tion rests on paleocurrent studies (Donaldson, 1965;
Fraser et al., 1970; Jackson et al., 1984; Gall et al.,
1992; Rainbird and Hadlari, 2000), which are good
indicators of the general direction of paleo-drainage
(Fig. 1). Many questions remain about nature and
distance of sources, how they change through time,
and the paleogeography of the basin.

The purpose of this paper is to use geochemical
analysis of detrital material, specifically that material
which is most resistant to later diagenesis and alter-
ation, to indicate changes in provenance and the na-
ture of the source areas. Changes in source can then be
used to interpret the paleogeography and tectonic set-
ting during the depositional history of the eastern Th-
elon Basin. The detrital assemblage is predominantly
quartz (Donaldson, 1965; Gall et al., 1992) with minor
lithic clasts and some well-preserved zircon, rutile and
tourmaline. Intense alteration did not affect the geo-
chemical nature of clasts such as quartz and zircon.
Zircons are excellent province indicators as they occur
in a wide variety of igneous and metamorphic rocks,
and can survive transportation and diagenesis (Speer,
1980; Heaman and Parrish, 1991; Kroner et al., 2000).
The age and geochemistry of zircons constrain the
age and nature of the source rocks (Ross et al., 1992;
Rainbird et al., 1997; Stewart et al., 2001; Cawood
and Nemchin, 2001). Detrital quartz grains are ubiq-

uitous throughout the basin. Oxygen isotopic compo-
sitions combined with inclusion petrography of detri-
tal quartz constrains the nature of the source region
and indicates changes of provenance through time (cf.
Vennemann et al., 1992). Herein, we use geochemi-
cal changes in detrital zircon and quartz populations
in combination with petrography from defined strati-
graphic intervals to evaluate provenance. The source
terrane evaluations reflect the paleogeographic setting
and paleotectonic evolution of the basin and its wider
source region and support the sequence-stratigraphic
interpretations byHiatt et al. (2003).

2. Regional geology

The Thelon Basin is one of several Paleoprotero-
zoic basins, including the Athabasca, Hornby and Elu
(Fig. 1), that are found within the Canadian Shield.
These basins are dominated by hematite-stained
quartz arenites that are dominantly fluvial with minor
shoreface and aeolian deposition. They were de-
posited in an intracratonic setting on well-developed
paleosols and represent a period of relative tectonic
stability. Most were preceded by thick accumulations
of red-bed sedimentary and volcanic rocks deposited
in fault-bounded basins in the foreland of major
orogens (Ramaekers, 1981).

Regionally, paleocurrent directions (Fig. 1) indicate
drainage was unimodal to the west in the Thelon Basin
(Jackson et al., 1984; Gall et al., 1992). Fraser et al.
(1970)suggested that the major continental drainage
responsible for the Thelon Formation fed a basin to the
west;Ramaekers (1981)interpreted that the regional
slope decreased westward. A detailed study of pale-
ocurrents in the eastern Thelon Basin (Fig. 2) indicated
an overall westward direction of transport and sup-
ports the above interpretations. However, local varia-
tion in drainage such as north-directed paleocurrents
at the southern margin (Donaldson, 1965) and uni-
modal transport towards the northwest (Rainbird and
Hadlari, 2000) from the easternmost exposures of the
Thelon Formation, near Baker Lake (Fig. 1) indicate
a more complex depositional history.

The Thelon Basin lies unconformably on Paleo-
proterozoic and Archean supracrustal belts and plu-
tonic rocks (Fig. 1). Basement includes Neoarchean
supracrustals (Fig. 1) of the 2.96–2.71 Ga Woodburn
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Lake and Ketyet Groups (Davis and Zaleski, 1998) to
the east. These consist of metavolcanics, metapelite,
calc-silicates, graphite schist, metagreywacke and
banded iron formation. Similar rocks occur far-
ther northeast of the Thelon Basin (Fig. 1) in the
variably folded Prince Albert Group, which con-
tains 2.8–2.75 Ga felsic volcanics (Schau, 1982).
Neoarchean massive to weakly foliated granites dated
at 2.61–2.59 Ga (LeCheminant and Roddick, 1991)
surround the eastern Thelon Basin both to the north
and south and underlie Paleoproterozoic supracrustals
to the west of the study area. These granites contain
accessory minerals of sphene, apatite, and zircon.

The 2.45–1.9 Ga Paleoproterozoic Amer Group
(MacLachlan et al., 2000) metasediments crop out
immediately northeast and southwest of the Thelon
Basin (Fig. 1), and probably underlie much of it.
The Amer Group metasediments occupy a large
NE-trending synclinorium (Patterson, 1986) to the
north of the eastern Thelon Basin (Fig. 2). The domi-
nant lithologies are metamorphosed red-brown felds-
pathic siliciclastics, turbiditic mudstones, volcanics,
carbonates, schist and orthoquartzite (LeCheminant
et al., 1984). These rocks have been subjected to at
least two periods of regional metamorphism and min-
eral assemblages indicate some units have reached
middle amphibolite grade (Patterson, 1986).

The youngest supracrustals beneath the eastern
Thelon Basin are the Paleoproterozoic Wharton and
Baker Lake Groups (1.84–1.79 Ga;Rainbird et al.,
2002), which occur exclusively to the south (Fig. 1).
These comprise unmetamorphosed sedimentary rocks
and felsic volcanic rocks, and unconformably over-
lie the Amer Group and Archean granitic gneiss
(LeCheminant et al., 1983; Tella et al., 1985). The
Baker Lake Group consists of red beds and alkaline
intrusives, 1.85 Ga syenites and clastic rocks (Tella
et al., 1985). The overlying Wharton Group includes
1.76 Ga siliceous rhyolite (LeCheminant et al., 1987)
and feldspathic sandstones. Together the Wharton and
Baker Lake Groups make up the lower Dubawnt Su-
pergroup with a combined thickness of approximately
5 km (Gall et al., 1992). The Barrensland Group,
which includes the Thelon Formation, makes up the
upper part of the Dubawnt Supergroup.

The Wharton and Baker Lake Groups are co-
eval with at least two pulses of Paleoproterozoic
(1.85–1.75 Ga) granitoid plutonism (Peterson et al.,

2000). Older granitoids (Fig. 2) are dominantly mon-
zonites containing zircons and ferromagnesian min-
erals and were generated at the same time as minette
volcanics of the Baker Lake Group. A later pulse of
1.76–1.75 Ga granitic rock is coeval with Wharton
Group volcanism (Peterson et al., 2000) and includes
a 1753 Ma fluorite-bearing granite (Loveridge et al.,
1987) which underlies the Thelon Formation and
constrains the onset of deposition within the eastern
Thelon Basin (Miller et al., 1989). These later gran-
ites contain zircons which are euhedral and delicately
zoned (Peterson et al., 2000).

Basement to the Dubawnt Supergroup was variably
folded and metamorphosed by the ca. 1.92–1.69 Ga
Trans-Hudson orogenic event to the south and the
ca. 2.0–1.9 Ga Thelon–Talston orogen to the west
(e.g.McNicoll et al., 2000). The Thelon–Talston oro-
gen, produced by continental collision of the Slave
Province into the western Churchill Province (Lucas
et al., 1996), is analogous to the present day inden-
tation of India into Asia (Molnar and Tapponnier,
1977) and probably produced large elevated plateaus
(e.g. Queen Maud uplift,Fig. 1). Collision to the
south at ca. 1.91–1.81 Ga between the western
Churchill Province and the Superior Province re-
sulted in the Trans-Hudson Orogen (Lucas et al.,
1996) (Fig. 1) comprising extensive foreland fold
and thrust belts of arc-related volcanic and plu-
tonic rocks and volcanogenic clastic rocks (Hoffman,
1990). This orogenic belt is separated from the
western Churchill Province by an extensive 1.85 Ga
monzogranite–granodiorite batholith (Lewry et al.,
1981).

3. Sedimentary petrology of the Thelon Formation

The sedimentology of the Thelon Formation, which
is the oldest and thickest (1920 m) unit of the Bar-
rensland Group (Gall et al., 1992), has been inter-
preted from numerous drill core samples (Fig. 2) and
exposures in the eastern Thelon Basin (Hiatt et al.,
2003). The eastern Thelon Basin presently consists of
at least 650 m of strata dominated by braided fluvial
facies, punctuated by aeolian and shoreface facies
(Fig. 3).

Stratigraphic packaging based on detailed log-
ging of drill core (Hiatt et al., 2003) indicates three
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Fig. 4. Photomicrographs of (a) typical zoned zircon from the lower sequence which is armored by quartz overgrowths and shows
no evidence of alteration. Also note detrital phosphate grain; (b) inclusion-bearing zircon from the middle sequence indicating clear
non-metamict zircons with little alteration; and (c) rare preserved zircon from the upper sequence showing intense alteration.



122 S.E. Palmer et al. / Precambrian Research 129 (2004) 115–140

depositional sequences, herein termed lower, middle
and upper sequence (Fig. 3). The lower sequence rests
unconformably on basement and is characterized by
coarse-grained, poorly sorted, immature conglomer-
ates, interpreted as alluvial fan to proximal braided
stream deposits. This facies is overlain by fluvial
facies containing variable amounts of clay and near
shore facies of well-cemented quartz sand. Both facies
contain detrital zircon and phosphate grains. Zircons
are abundant in nearshore facies where they occur
in 1–2 mm dark bands within sandy cross-laminated
beds. The zircons are typically quartz-armored
(Fig. 4a) and are uncorroded. Rounded zircons occur
rarely in detrital quartz grains implying some re-
working of sedimentary sources. In the fluvial facies,
zircons were recovered from thin planar-laminated
clay-rich sandstone and mudstone layers. Petro-
graphic observations under crossed-polarized light
indicate that some zircons have primary zoning
(Fig. 4a).

The middle sequence is composed of sandstone
in fining-upward packages that represent fluvial de-
position in or near the center of the study area,
and well-sorted nearshore facies strata at the basin
margins. This sequence contains horizons that are
extremely clay-rich and contain abundant stylolites.
Quartz grains are often poorly preserved and em-
bayed grain boundaries attest to intense dissolution.
Muscovite, zircon and apatite are present both as
mineral inclusions and as detrital grains. Zircons
are inclusion-rich and commonly exhibit zoning or
rounded overgrowths (Fig. 4b). Preserved banded iron
formation clasts are observed in hand samples. Most
lithic clasts, however, are highly altered or completely
replaced by clay.

The base of the upper sequence is defined by a 10 m
interval of very coarse-grained fluvial sandstones. The
upper sequence is composed of fluvial facies only.
The upper sequence is clay-rich and contains both
authigenic carbonate and feldspar cements indicating
that late stage diagenesis has affected these sediments
(Renac et al., 2002). Quartz grains contain zircon and
apatite inclusions as well as muscovite and tourma-
line and possibly rutile, however, these minerals are
not common as detrital grains (Fig. 4c). Chert and
strained quartz with textures typical of metamorphic
grains are also found in the upper sequence but are
very altered.

4. Methodology

For this study we sampled several diamond drill
holes in the eastern Thelon Basin (Fig. 2) that con-
tained thick successions of Thelon Formation sand-
stones spanning the sequence boundaries (Fig. 3).
Zircons selected from intervals rich in heavy min-
erals, were characterized by petrography prior to
separation. Detrital quartz grains were selected from
zircon-bearing samples and from typical sandstone
horizons within each sequence. Petrography indicates
a variety of quartz populations including monocrys-
talline grains, polycrystalline grains and chert. In the
poorly sorted material, most of these quartz varieties
occur in approximately equal abundance throughout
the size range. Separates were obtained from crushed
and sieved fractions using conventional handpicking,
heavy liquid, and magnetic separation methods.

4.1. Laser-ablation microprobe inductively coupled
plasma mass spectrometry (LAM-ICP-MS)

Zircon grains were concentrated by heavy liquid
separation (tetrabromide, sp. gr. 2.96 at 20◦C), Frantz
isodynamic magnetic separation, and handpicking un-
der a binocular microscope, and were then mounted
in FEP Teflon® sheets for analysis. All zircons sam-
pled for this study are rounded to subrounded due to
natural abrasion during sedimentary transport. Zircons
were categorized based on color (clear, brown, orange
or white) and size (Table 1).

Isotopic measurements on zircons were made by
laser ablation with a LUV 266, New Wave-Merchan-
teck laser coupled to a Finigan MAT ELEMENT
HR-ICP-MS. The laser was run for spot analysis
with a pulse width of 50�m, a fire rate of 2 Hz and
an output of 2 mJ. Ablation pit diameters did not
exceed 20�. Zircons were analyzed by ICP-MS for
238U, 235U, 204Pb,206Pb,207Pb, and208Pb.204Pb was
corrected for204Hg interference using202Hg. The
206Pb/204Pb ratios ranged from 0 to upwards of 1000
and averaged around 600. Ninety percent of the data
were above 50 and, of the few analysis below 50,
most also had low207Pb counts. An in-house stan-
dard of Brownell zircons (1831± 9 Ma by thermal
ionization mass spectrometry (TIMS;McNicoll et al.,
1992) was used as an external standard. Analytical
error is ∼1% based on repeat measurement of the



S.E
.

Palm
er

et
al./P

recam
brian

R
esearch

129
(2004)

115–140
123

Table 1
207Pb–206Pb ages and U/Zr ratios for detrital zircon populations

Analysis 207Pb–206Pb 207Pb–206Pb
age (Ma)

Error
(Ma)

Morphology Size
(microns)

Color 238U/96Zr Analysis 207Pb–206Pb 207Pb–206Pb
age (Ma)

Error
(Ma)

Morphology Size
(microns)

Color 238U/96Zr

Upper sequence Middle sequence
6-170 6-508

A 0.1563 2416 ±17 r,i 200 b B 0.1448 2285 ±17 r,i 150 b
A 0.1665 2523 ±17 r,i 200 b C 0.1125 1840 ±17 r,i 200 w
B 0.1154 1885 ±20 r,eq 180 b C 0.1120 1832 ±18 r,i 200 w
C 0.1606 2462 ±17 c,eq 200 b D 0.1427 2260 ±17 r,l 200 w
C 0.1676 2534 ±17 c,eq 200 b D 0.1422 2254 ±17 r,l 200 w
D 0.1589 2444 ±17 r,eq 180 b E 0.1985 2814 ±16 r,l 200 w
D 0.1586 2441 ±17 r,eq 180 b E 0.2037 2856 ±16 r,l 200 w
E 0.2065 2878 ±17 s,i 200 b F 0.1831 2681 ±16 r,i 150 w
E 0.2555 3219 ±16 s,i 200 b F 0.1846 2695 ±16 r,i 150 w
F 0.2439 3146 ±15 r,eq 100 w G 0.1965 2797 ±17 r,eq 280 b
F 0.2014 2837 ±17 r,eq 100 w G 0.2012 2836 ±16 r,eq 280 b
G 0.1826 2677 ±16 s,l 200 w G 0.1876 2721 ±17 r,eq 280 b
G 0.1897 2740 ±16 s,l 200 w H 0.1859 2706 ±17 s,eq 280 b
H 0.2026 2847 ±16 s,l 200 w H 0.1881 2726 ±16 s,eq 280 b
H 0.1855 2703 ±16 s,l 200 w 6-521
I 0.2294 3048 ±16 s,eq 180 w A 0.1829 2679 ±16 r,eq 100 w
I 0.2040 2859 ±15 s,eq 180 w A 0.1725 2582 ±16 r,eq 100 w
J 0.1850 2698 ±17 e,l 200 b B 0.1702 2560 ±16 r,l 200 w

6-394 B 0.1777 2632 ±16 r,l 200 w
A 0.1933 2771 ±15 c,eq 100 w B 0.1664 2522 ±17 r,l 200 w
A 0.1772 2627 ±17 c,eq 100 w C 0.1207 1967 ±17 s,eq 200 b
B 0.2872 3403 ±15 e,eq 100 w C 0.1086 1778 ±16 s,eq 200 b
B 0.1854 2702 ±17 e,eq 100 w D 0.1741 2597 ±17 e,l 200 cl
C 0.2975 3457 ±16 r,eq 50 w D 0.1474 2316 ±17 e,l 200 cl

Middle sequence E 0.1987 2815 ±17 s,l 400 w
6-487 E 0.1931 2769 ±16 s,l 400 w

A 0.1601 2457 ±16 r,eq 200 w F 0.1750 2606 ±17 s,l 500 b
A 0.2274 3034 ±16 r,eq 200 w F 0.2266 3028 ±17 s,l 500 b
A 0.1482 2325 ±18 r,eq 200 w G 0.1478 2321 ±17 r,eq 300 b
B 0.1551 2403 ±17 s,l 300 w G 0.1942 2778 ±16 r,eq 300 b
B 0.1429 2263 ±16 s,l 300 w H 0.1804 2657 ±16 r,l 200 w
B 0.1593 2448 ±17 s,l 300 w H 0.1764 2619 ±17 r,l 200 w
C 0.1589 2444 ±17 s,eq 300 w I 0.1436 2271 ±17 r,eq 100 w
C 0.3355 3642 ±16 s,eq 300 w J 0.1865 2711 ±17 r,l 180 w
D 0.2074 2885 ±17 r,eq 200 w J 0.1839 2688 ±16 r,l 180 w
D 0.2059 2874 ±16 r,eq 200 w 6-563

6-489 A 0.1577 2431 ±17 s,l 150
A 0.3825 3841 ±16 s,l 280 b A 0.1772 2627 ±17 s,l 150
A 0.3633 3764 ±15 s,l 280 b A 0.1641 2498 ±17 s,l 150
A 0.2932 3409 ±16 s,l 280 b B 0.1408 2237 ±17 r,eq 100
B 0.2572 3229 ±15 s,i 200 b B 0.1455 2294 ±17 r,eq 100
B 0.1886 2731 ±15 s,i 200 b C 0.1509 2356 ±17 r,eq 80
C 0.1153 1885 ±18 s,eq 100 b C 0.2887 3410 ±16 r,eq 80
D 0.2884 3409 ±16 s,eq 100 c D 0.1973 2804 ±16 r,l 150 w
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Table 1 (Continued )

Analysis 207Pb–206Pb 207Pb–206Pb
age (Ma)

Error
(Ma)

Morphology Size
(microns)

Color 238U/96Zr Analysis 207Pb–206Pb 207Pb–206Pb
age (Ma)

Error
(Ma)

Morphology Size
(microns)

Color 238U/96Zr

6-508 D 0.1850 2698 ±17 r,l 150 w
A 0.1901 2743 ±16 r,eq 200 w E 0.2950 3444 ±16 s,i 100 w
A 0.1849 2697 ±16 r,eq 200 w E 0.1746 2602 ±16 s,i 100 w

Middle sequence Middle sequence
6-606 8-15

A 0.1643 2500 ±17 r,l 300 w L 0.2135 2932 ±16 r,eq 150 b 0.0007
A 0.2595 3243 ±16 r,l 300 w L 0.2107 2911 ±16 r,eq 150 b 0.0007
B 0.4078 3938 ±15 s,eq 300 b 8-19
B 0.3518 3715 ±15 s,eq 300 b A 0.1335 2144 ±17 r,eq 200 o 0.0011
C 0.2034 2854 ±15 r,eq 100 w A 0.1235 2008 ±17 r,eq 200 o 0.0006
C 0.2099 2905 ±16 r,eq 100 w B 0.1294 2090 ±17 s,l 300 cl 0.0005
D 0.1582 2437 ±17 s,l 350 o B 0.1285 2076 ±18 s,l 300 cl 0.0004
D 0.1628 2485 ±16 s,l 350 o B 0.1182 1929 ±18 s,l 300 cl 0.0004
E 0.1760 2616 ±16 r,l 280 w C 0.1861 2708 ±17 r,eq 200 w 0.0005
E 0.1784 2638 ±17 r,l 280 w C 0.1962 2795 ±17 r,eq 200 w 0.0005
F 0.1824 2675 ±16 r,l 400 w D 0.1946 2782 ±15 r,l 250 cl 0.0005
F 0.1789 2643 ±16 r,l 400 w D 0.1998 2825 ±16 r,l 250 cl 0.0009
G 0.1650 2508 ±17 s,i 300 w 8-21
G 0.1754 2610 ±17 s,i 300 w A 0.1942 2778 ±16 r,l 150 b 0.0008
H 0.1624 2481 ±16 c,l 280 b A 0.1899 2741 ±17 r,l 150 b 0.0005
H 0.1803 2656 ±16 c,l 280 b B 0.1735 2592 ±16 e,l 250 b 0.0018
I 0.1673 2531 ±17 c,l 150 cl C 0.1762 2617 ±17 r,l 250 b 0.0056
I 0.1968 2800 ±16 c,l 150 cl C 0.1787 2641 ±16 r,l 250 b 0.0012
J 0.1700 2558 ±16 c,l 100 w D 0.1675 2533 ±17 r,eq 200 b 0.0063
J 0.1723 2580 ±16 c,l 100 w E 0.1738 2595 ±16 r,eq 250 b 0.0018

F 0.1810 2662 ±16 r,eq 250 b 0.0010
8-15 G 0.1638 2495 ±17 r,eq 200 b 0.0029

A 0.2104 2909 ±16 r,l 250 b 0.0018 H 0.1675 2533 ±17 s,eq 250 b 0.0031
A 0.1695 2553 ±16 r,l 250 b 0.0018 I 0.1609 2465 ±17 r,eq 250 b 0.0040
A 0.2190 2973 ±16 r,l 250 b 0.0021 12-104
B 0.2915 3425 ±16 s,l 300 w 0.0152 A 0.2229 3002 ±15 r,eq 170 b 0.0057
B 0.2683 3296 ±16 s,l 300 w 0.0047 A 0.2314 3062 ±15 r,eq 170 b 0.0069
B 0.2538 3209 ±15 s.l 300 w 0.0050 B 0.1710 2567 ±17 r,eq 180 b 0.0010
C 0.2478 3171 ±15 r,eq 100 b 0.0055 B 0.1702 2560 ±16 r,eq 180 b 0.0010
C 0.2660 3282 ±16 r,eq 100 b 0.0058 C 0.2164 2954 ±17 r,eq 200 b 0.0041
D 0.2469 3165 ±18 r,eq 150 w 0.0029 C 0.2295 3049 ±16 r,eq 200 b 0.0044
D 0.2330 3073 ±16 r,eq 150 w 0.0047 D 0.1873 2719 ±16 r,eq 100 b 0.0023
E 0.1537 2388 ±16 r,l 400 w 0.0012 E 0.2574 3231 ±16 r,eq 200 b 0.0051
E 0.2733 3325 ±15 r,l 400 w 0.0044 E 0.2652 3278 ±16 r,eq 200 b 0.0048
F 0.1981 2811 ±16 r,eq 200 w 0.0025 F 0.1430 2264 ±17 r,eq 200 b 0.0020
F 0.1709 2566 ±17 r,eq 200 w 0.0038 F 0.1501 2347 ±17 r,eq 200 b 0.0023
G 0.2085 2894 ±16 r,l 300 w 0.0024 G 0.1746 2602 ±16 r,eq 220 b 0.0011
G 0.2128 2927 ±16 r,l 300 w 0.0024 G 0.1767 2622 ±17 r,eq 220 b 0.0012
G 0.2115 2917 ±16 r,l 300 w 0.0032 G 0.1880 2725 ±16 r,eq 220 b 0.0010
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H 0.2471 3166 ±16 r,l 300 w 0.0033 12-127
H 0.2367 3098 ±16 r,l 300 w 0.0024 A 0.1667 2525 ±17 r,eq 100 w 0.0005
I 0.2209 2987 ±16 r,l 300 w 0.0023 B 0.1707 2565 ±16 r,eq 200 b 0.0004
I 0.1948 2783 ±16 r,l 300 w 0.0019 C 0.2952 3445 ±16 r,l 200 b 0.0005
J 0.1854 2702 ±17 r,eq 300 o 0.0002 C 0.2839 3384 ±16 r,l 200 b 0.0005
J 0.1832 2682 ±16 r,eq 300 o 0.0003 C 0.2897 3416 ±15 r,l 200 b 0.0006
K 0.1720 2577 ±17 r,l 300 w 0.0009 D 0.1853 2701 ±17 r,l 200 b 0.0006
K 0.1737 2594 ±16 r,l 300 w 0.0011 D 0.1895 2738 ±16 r,l 200 b 0.0006

Lower sequence Lower sequence
12-236 9-376

A 0.1928 2766 ±16 r,eq 250 b 0.0040 A 0.1570 2424 ±15 r,l 500 w 0.0024
A 0.1362 2179 ±18 r,eq 250 b 0.0030 B 0.1806 2658 ±17 r,eq 200 w 0.0024
B 0.1648 2506 ±16 r,l 450 b 0.0003 C 0.1997 2824 ±17 r,eq 200 b 0.0020
C 0.1300 2098 ±17 r,eq 200 b 0.0072 D 0.1673 2531 ±16 r,eq 100 w 0.0011
D 0.1832 2682 ±16 r,l 500 b 0.0027 E 0.1847 2696 ±17 r,eq 100 b 0.0007
D 0.1409 2238 ±17 r,l 500 b 0.0017 E 0.1769 2624 ±15 r,eq 100 b 0.0006
E 0.1723 2580 ±16 r,l 300 b 0.0044 F 0.1743 2599 ±17 r,eq 100 w 0.0026
E 0.1656 2514 ±17 r,l 300 b 0.0063 G 0.1129 1846 ±15 s,eq 100 w 0.0021
F 0.1485 2329 ±17 r,eq 100 b 0.0024 G 0.1217 1981 ±17 s,eq 100 w 0.0020
F 0.1533 2383 ±17 r,eq 100 b 0.0030 H 0.1745 2601 ±17 r,eq 100 b 0.0038
G 0.1729 2586 ±16 e,l 500 b 0.0046
G 0.1866 2712 ±17 e,l 500 b 0.0038
H 0.1622 2479 ±16 c,l 200 b 0.0043 9-451
I 0.1765 2620 ±17 r,eq 200 b 0.0020 A 0.1724 2581 ±16 r,l 150 w 0.0011

6-614 A 0.1713 2570 ±17 r,l 150 w 0.0010
A 0.1823 2674 ±16 r,l 400 w B 0.1852 2700 ±17 r,l 150 w 0.0011
A 0.1809 2661 ±16 r,l 400 w B 0.1798 2651 ±16 r,l 150 w 0.0014
A 0.1878 2723 ±17 r,l 400 w B 0.1951 2786 ±16 r,l 150 w 0.0015
B 0.1670 2528 ±17 r,l 300 w C 0.1804 2657 ±16 s,eq 200 w 0.0006
B 0.1590 2445 ±17 r,l 300 w C 0.1604 2460 ±17 s,eq 200 w 0.0010
C 0.1704 2562 ±16 r,eq 100 P C 0.1949 2784 ±16 s,eq 200 w 0.0004
D 0.1650 2508 ±17 r,i 200 P D 0.1684 2542 ±17 r,eq 150 w 0.0029
D 0.1738 2595 ±16 r,i 200 P D 0.1686 2544 ±17 r,eq 150 w 0.0024
E 0.1663 2521 ±17 r,eq 100 P E 0.1700 2558 ±16 s,l 350 w 0.0006
F 0.1481 2324 ±17 r,eq 120 w E 0.1476 2318 ±18 s,l 350 w 0.0001
F 0.1373 2193 ±18 r,eq 120 w F 0.1690 2548 ±17 s,l 450 w 0.0025
G 0.1612 2468 ±17 r,i 100 w F 0.1742 2598 ±17 s,l 450 w 0.0026
H 0.1776 2631 ±16 r,eq 100 w G 0.1909 2750 ±16 r,l 100 w 0.0005
I 0.1595 2450 ±17 r,eq 100 w G 0.2028 2849 ±16 r,l 100 w 0.0005
J 0.1197 1950 ±20 s,eq 250 b H 0.1638 2495 ±17 s,eq 200 w 0.0009
J 0.1449 2286 ±15 s,eq 250 b H 0.1663 2521 ±17 s,eq 200 w 0.0011

Boldface type indicates concordant ages where calculated ages from207Pb–206Pb and U–Pb ratios are similar. Grains are characterized as follows: r: rounded, s: subrounded, e: euhedral, c:
coroded; grain shape is characterized as eq: equant, l: long, i: irregular; color is described as follows: w: white, b: brown, o: orange, p: pink, cl: clear.
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Brownell zircon. Because material is introduced into
the mass spectrometer by laser ablation, the absolute
value of each isotope is not measured as precisely
as in other methods such as TIMS, which involves
wet chemical preparation. Although LAM-ICP-MS
lacks the ∼0.1% precision of TIMS, it has been
successfully used for geochronology of detrital zir-
con grains in numerous studies (Scott and Gauthier,
1996; Machado and Gauthier, 1996; Scott, 1997) and
the precision and accuracy are adequate for detrital
analysis. LAM-ICP-MS has the advantage of being
a relatively quick and cost effective analytical pro-
cedure capable of producing large amounts of data,
required for detrital analysis, within a short period of
time.

Ages were determined using207Pb–206Pb ratios
(Table 1) as U–Pb dates require multiple analyses
for statistical validity, which is not feasible on a
single detrital grain. The U–Pb and Pb–Pb meth-
ods of geochronology are based on the decay of
235U–207Pb and 238U–206Pb. Ideally, zircon grains
will remain as a closed system thereby retaining all
parent and daughter isotopes so that age calcula-
tions from each geochronometer are concordant. In
reality, temperature and fluid interaction often open
the grain to diffusion, resetting these values. This
can be corrected in igneous-derived zircon sepa-
rates, assuming there has been a single episode of
lead loss and the zircons from a sample were gen-
erated from a single event. This is not possible in
detrital populations because detrital grains within a
single sample cannot be genetically related and there-
fore cannot be statistically grouped and plotted on
a U–Pb concordia diagram. However, in the given
data set (Table 1), when235U–207Pb and238U–206Pb
ratios are compared, approximately 20 measure-
ments (bold type,Table 1) fall on concordia indi-
cating their isotopic systems are unperturbed. Most
(>90%) of the measurements do not fall on concordia
and cannot be represented by discords and, there-
fore, the 207Pb–206Pb ratios are used and the ages
are considered minima.

U and Th contents in zircons reflect the source
rocks in which they crystallized. Zircons in kimber-
lites contain the lowest U/Zr, at 0.00001, and although
basaltic and ultramafic rocks generally do not con-
tain zircon, when present, it also has low U/Zr ratios
(Speer, 1980). Granites, nepheline syenite, and granitic

gneiss contain U-enriched zircons, with granitoid zir-
cons typically having U/Zr ratios higher than 0.0006,
equivalent to concentrations of >300 ppm of uranium.
However, the highest typical U/Zr values from zircons
are found in pegmatites in igneous intrusions associ-
ated with uranium- or thorium-bearing minerals, with
U/Zr ratios as high as 0.1, or 50,000 ppm U (Speer,
1980).

The uranium content of the Thelon zircons is es-
timated using the U/Zr ratio (Table 1). The uranium
contents correspond to low (0–0.002 U/Zr) moderate
(0.003–0.006 U/Zr) and high (>0.006 U/Zr) contents,
where high values roughly correspond to the uranium
content of zircons from the Brownell pluton which
have 1500–2300 ppm U (McNicoll et al., 1992). An-
alytical error is 10% based on repeat analysis within
single grains.

4.2. Stable isotope mass spectrometry

Analyzed quartz grains represent a fraction of one
percent of the approximately 30–40 g sub-samples
processed from the sampled intervals. Quartz
grains were handpicked from ultrasonically cleaned
sand-sized fractions. Most samples were free of over-
growths, however, highly silicified samples were
treated in HF for 1 h prior to isotopic analysis. In
some instances both clear and milky quartz grains
were observed under the binocular microscope and
were therefore separated into distinct populations for
multiple analyses. In these samples, multiple analyses
indicate a slight variation inδ18O from a single hori-
zon (Table 2). However, the milky quartz populations
fell within 1‰ of the clear quartz and were neither
consistently higher or lower indicating there is no
correlation between the clarity of quartz grains and
their source.

Savin and Epstein (1970)first proposed the possi-
bility of using oxygen isotopes of detrital quartz grains
as an indication of provenance. They determined that
igneous-derived quartz in beach sands normally have
low δ18O values of ca. 8–10‰ whereas sands from re-
gionally metamorphosed terranes wereδ18O enriched
with values of ca. 10–16‰. Since their study, oxygen
isotopes have been used successfully to evaluate the
nature of source terranes in other environments such
as Paleoproterozoic quartz-pebble conglomerates (e.g.
Vennemann et al., 1992).
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Table 2
δ18O values (in‰) for detrital quartz grains of the eastern Thelon Basin

Drill hole Depth (m) Grain size (mm) δ18O mean (‰) Error δ18O range (‰) n

Upper sequence
DPR-6 96 1.0 11.7 ±0.2 — 1

124 1.5 10.1 ±0.2 — 1
170 0.8 11.9 ±0.2 — 1
193 1.0 8.8 ±0.2 7.7–9.9 2
244 1.0 10.7 ±0.2 — 1
270 0.8 9.9 ±0.2 9.7–10.1 2
309 0.5 10.4 ±0.2 — 1
318 1.0 10.0 ±0.2 — 1
322 1.0 11.1 ±0.2 — 1

DPR-9 77 0.9 10.2 ±0.2 — 1
H80-10-1 135 10.2 ±0.2 10.1–10.2 2

130 9.1 ±0.2 7.8–10.4 2
170 11.4 ±0.2 10.2–13.2 3

H80-6-1 50 10.8 ±0.2 9.4–12.2 2
160 10.5 ±0.2 9.9–11.2 3

Middle sequence
DPR-6 394 0.4 12.0 ± 0.2 — 1

487 0.5 10.9 ±0.2 — 1
507 0.3 10.7 ±0.2 — 1
508 0.5 9.8 ±0.2 — 1
521 1.5 11.0 ±0.2 9.4–12.5 5
522 0.8 11.4 ±0.2 10.8–12.0 2
563 0.3 10.8 ±0.2 9.9–11.6 2
600 1.0 10.2 ±0.2 9.4–10.9 2
606 0.8 11.0 ±0.2 — 1

DPR-8 15 0.8 11.9 ±0.2 — 1
21 1.5 12.7 ±0.2 — 1

DPR-12 104 0.9 10.6 ±0.2 — 1
127 0.5 11.5 ±0.2 — 1

H80-2-2 26 0.5 11.0 ±0.2 — 1
135 0.5 11.4 ±0.2 — 1

H80-4-1 150 11.4 ±0.2 10.6–12.9 3
210 10.4 ±0.2 10.1–10.7 2
250 9.7 ±0.2 9.6–9.7 2

Lower sequence
DPR-6 614 0.5 9.8 ±0.2 — 1

616 0.3 10.6 ±0.2 10.2–10.9 2
626 0.5 13.9 ±0.2 — 1

DPR-9 376 0.4 11.5 ±0.2 — 1
451 0.3 13.0 ±0.2 — 1

DPR-12 236 0.7 10.4 ±0.2 — 1

Each analysis represents the average value of about 1% of the typical coarse to medium fraction of detrital quartz for the sampled interval.

Oxygen isotope compositions were analyzed by
duel inlet mass spectrometry and determined using
the BrF5 technique ofClayton and Mayeda (1963).
Isotopic analyses are reported using the‰ notation rel-
ative to V-SMOW. Reproducibility ofδ18O was deter-
mined using NIST-28 (δ18O = 9.60‰) and is±0.2‰.

5. Results

5.1. Lower sequence

The lower sequence is represented in drill holes
DPR 6, DPR 9 and DPR 12, the latter of which
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intersects the sub-Thelon Formation unconformity
at 240 m (Fig. 3). Zircons were extracted from
hematite-leached, moderately sorted, medium to very
coarse sandstones from the base of fluvial cycles.
These are typically 100–450�m, subrounded to
rounded, white, elongated grains (Table 1). In the well-
sorted nearshore facies, zircons were sampled from
gray-green, medium-grained sandstone. These zircons
are mixed in size, morphology, and color (Table 1).

Zircon ages from the lower sequence range from
2849 to 1846 Ma (Table 1). The majority cluster be-
tween 2700 and 2500 Ma with a peak at ca. 2540 Ma
(Fig. 5). The Neoarchean and early Paleoproterozoic
populations, which include more than 90% of the zir-
cons found in the lower sequence, have moderate to
low U contents (Fig. 6). On the basis of their U/Zr ra-
tios (Fig. 6), the middle Paleoproterozoic zircons are
bimodally distributed, being U-rich (>0.006 U/Zr) or
U-poor (<0.003 U/Zr).

Quartz grains of the nearshore facies are typi-
cally polycrystalline, well-rounded and often exhibit
well-developed quartz overgrowths. Detrital quartz
from the fluvial sequences are polycrystalline with a
relatively high percentage of equant-fine-subgrained
quartz. Fluid inclusions in quartz from the lower
sequence are found both as solitary, two phase
aqueous–vapor inclusions up to 25�m and as very
small aqueous inclusions that form numerous planes
cross-cutting the grains indicating they are secondary
in nature. Mineral inclusions in quartz throughout the
sequence include zircon, apatite and tourmaline.

Quartz grains in the lower sequence haveδ18O val-
ues from 9.8 to 13.9‰ (Fig. 7) suggesting dominance
of a metasedimentary source with relatively low input
from igneous rocks, although some zircons from this
sequence have high uranium which is typical of an
igneous source (Speer, 1980). However, middle Pale-
oproterozoic zircons, which contain the highest ura-
nium contents, account for very few zircons within the
total population.

5.2. Middle sequence

The middle sequence is represented in drill holes
DPR-6, DPR 8 and DPR-12 (Fig. 3). Zircons occur
exclusively in 5–10 cm, gray-green or mottled mud-
stone horizons within fluvial facies rocks. The zir-
cons recovered are typically rounded to sub rounded

Fig. 5. 207Pb–206Pb ages of detrital zircons from the lower, mid-
dle and upper sequences of the eastern Thelon Basin shown as
histogram.207Pb–206Pb ages of zircon populations are based on
several analysis per grain. The bottom histogram indicates the age
distribution of all zircons used in this study. Curves represent the
cumulative probability of ages based on the range of multiple
analysis of single grains. Data are fromTable 1.
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Fig. 6. U/Zr ratios of zircons from the middle and lower sequences analyzed for geochronology of the eastern Thelon Basin. The lower box
indicates the range of U/Zr for the Brownell zircons which have uranium concentrations between 1500 and 2300 ppm (McNicoll et al., 1992).

and up to 500�m long, not zoned, and some have
rounded overgrowths indicating geochemical alter-
ation prior to their deposition in the eastern Thelon
Basin.

In the northern part of the eastern Thelon Basin,
zircons were recovered from nearshore facies in an
interval of red well-sorted medium-grained sandstone
with clay laminations and in bleached coarse-grained
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Fig. 7. Histograms ofδ18O values of detrital quartz from drill holes DPR-6, DPR-8, DPR-9, and DPR-12; and H80-4-1, H80-6-1, and
H80-10-1 divided into lower, middle and upper sequences. The lower histogram shows the distribution from all quartz analyses undivided
by sequence. The dark grey boxes indicateδ18O values of detrital quartz grains picked from zircon-bearing horizons. Light grey boxes
indicate analysis from layers bearing quartz only. Data fromTable 2.
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fluvial sandstones with heavy mineral bands. Most
zircons are less than 200�m, rounded and typically
brown. Quartz grains from these horizons have some
partially preserved overgrowths but commonly exhibit
cuspate edges indicating dissolution.

Zircon ages range from 3938 to 1778 Ma, including
Paleoarchean (>3400 Ma) zircons, the oldest popu-
lation from the eastern Thelon Basin (Fig. 5). The
predominant zircon population reflects a Neoarchean
source, which peaks at ca. 2700 and 2850 Ma, and
contains concordant zircons at ca. 2600, 2700, and
2850 Ma (Table 1). Relatively few zircons have mid-
dle Paleoproterozoic ages, but several zircons clus-
ter in the early Paleoproterozoic between 2500 and
2200 Ma with a peak at ca. 2440 Ma (Fig. 5). From this
latter population, approximately 10% of the zircons
produced similar207Pb–206Pb and U–Pb ages, most
commonly between 2508 and 2431 Ma (Table 1), in-
dicating the isotopic systems have not been disturbed.

There is a strong contribution from Mesoarchean
zircons (Fig. 5) between 3400 and 2900 Ma, and
these include concordant zircon ages near 3243 Ma.
Although the U contents are variable, they are nev-
ertheless the most U-rich zircons in the eastern Th-
elon Basin (Fig. 6) with U/Zr ratios in the range of
comparable zircons from the Brownell granite. Pale-
oarchean, 300�m, subrounded, brown zircons range
in age from 3938 to 3642 Ma (Table 1), and are found
exclusively in the central part of the eastern Thelon
Basin (Fig. 2).

Drill core DPR-8 intersects the sub-Thelon uncon-
formity at a depth of 95 m. Zircons occur in heavy
mineral bands in red, ripple-laminated, well-sorted,
medium-grained sandstones of the nearshore facies in
the upper 25 m of section. These horizons have previ-
ously been interpreted as lower sequence (Hiatt et al.,
2003) because they are immediately above the basal
unconformity (Fig. 3). Zircons from these intervals
are abundant, rounded and range from clear to white,
pale brown, orange and brown. The uppermost inter-
val contains Mesoarchean zircons. Quartz grains are
rounded with thick quartz overgrowths (Fig. 4a) and
relatively few fluid inclusions. Approximately 5% of
all polycrystalline grains contain stretched and sub-
grained internal texture consistent with a metamorphic
origin.

Theδ18O values of quartz from the middle sequence
are similar to quartz from the lower sequence (Fig. 7)

ranging from 9.4 to 12.7‰. Fluid inclusions in quartz,
which are typically two-phase aqueous–vapor, or more
rarely, three-phase aqueous–vapor–salt, are less abun-
dant than in the lower and upper sequences.

5.3. Upper sequence

Strata from the upper sequence are found in drill
holes DPR 6 and 9 (Fig. 3). Zircons were recovered
from both, but those from DPR-9 were altered and con-
tained significant common lead. Heavy mineral con-
centrations occur in coarse-grained purple sandstone,
which yielded a mix of brown, white and clear zir-
cons. The zircons are subrounded and small, never ex-
ceeding 200�m. Recovery is poor compared to other
sequences probably due to intense late (ca. 1000 Ma)
fluid alteration (Renac et al., 2002). The few zircons
that could be extracted from the upper sequence in-
dicate mainly Neoarchean to early Paleoproterozoic
sources. Thirteen zircons were successfully analyzed
with ages ranging from 3457 to 1885 Ma (Fig. 5).
Three zircons yield ages between 2500 and 2440 Ma,
indicating a proportionally greater contribution from
early Paleoproterozoic sources compared to lower and
middle sequences (Fig. 5). A single zircon (6-170 H)
yielded concordant ages of 2847 and 2703 Ma sug-
gesting the former was an inherited core.

Quartz grains are often corroded and overgrowths
are rarely preserved. Most grains are polycrystalline
and exhibit undulatory extinction. Monocrystalline
grains contain abundant fluid inclusions that are less
than 5�m and crosscut the grain in several directions
oblique to the grain boundary. Theδ18O values are
7.7–13.2‰ with a mean of 10.5‰ (Fig. 7). They show
the greatest range and extend to lowest values (<8‰),
consistent with a greater contribution from igneous
sources.

6. Discussion

6.1. Pb–Pb dates from zircons

Detrital zircons can be divided into five distinct pop-
ulations that represent minimum source ages based on
207Pb–206Pb ages. Most have Neoarchean ages (Fig. 5)
consistent with the age of metasedimentary and gneis-
sic basement rocks that surround the basin (Fig. 2) and
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Fig. 8. Stratigraphic sections sampled for this study with the age populations (Pb–Pb ages) from each sampled interval shown in boxes to the left of thecolumns. Ranges of
δ18O values from detrital quartz are indicated in bold typeface.
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that are ubiquitous in the western Churchill (Fig. 1).
Most ages probably reflect metamorphism and/or sed-
imentary recycling in supracrustals. However discrete
older and younger populations, unique to different se-
quences must be explained.

Neoarchean zircons range from 2900 to 2500 Ma
and are found consistently throughout the eastern Th-
elon Basin (Fig. 8). U/Zr ratios are typically U-poor
in both the middle and lower sequence. Peak ages are
ca. 2540 Ma in the lower sequence, at ca. 2850, 2700,
and 2600 Ma in the middle sequence and ca. 2850
and 2700 Ma in the upper sequence. The older ages
are easily explained by Archean gneiss and metased-
iments surrounding the eastern Thelon Basin. The ca.
2500 Ma ages correspond either to metamorphism and
felsic magmatism (Davis et al., 2000) in the Hearne
domain south of the Baker Lake Basin (Fig. 1) or, more
likely, granite intrusions and orthogneisses reported in
the Woodburn Lake Group (Davis and Zaleski, 1998).

Early Paleoproterozoic zircons cluster between
2500 and 2250 Ma (Fig. 5) and occur in all three se-
quences (Fig. 8). Older 2500–2400 Ma zircons have
the highest relative abundance in the upper sequence
(Fig. 5). The upper sequence contains igneous and
metamorphic quartz and zircons with peak ages at
2450, 2700, and 2850 Ma. The207Pb–206Pb ages in
this paper are considered minima, and all but two
analysis from the upper sequence are discordant. One
concordant age at 2627± 17 and the range of discor-
dant ages between 2440 and 2534 (Table 1) are inter-
preted to represent disturbed isotopic systems in the
zircons from 2.58 to 2.6 Ga granites. This is supported
by 207Pb–206Pb ages of 2606–2432 Ma reported by
LeCheminant and Roddick (1991)for zircons ex-
tracted from plutons surrounding the study area.

Few zircons with ages between 2250 and 2150 Ma
are found in the eastern Thelon Basin. Middle Pa-
leoproterozoic zircons range from 2098 to 1778 Ma
and occur in all three sequences (Fig. 5). These ages
comprise only 4–6% of the analysis in any of the
sequences. The lack of 1760–1830 Ma ages reflects
the paucity of zircons in the Wharton and Baker Lake
Groups, a thick succession of felsic volcanics and
sediments interpreted as 1.84–1.79 Ga (Rainbird and
Hadlari, 2000and references therein), that underlie
the Thelon Formation to the south (Fig. 2). Middle Pa-
leoproterozoic zircons are generally zoned and prob-
ably indicate a small contribution from detrital grains

within the Baker Lake Basin and/or coeval granitoid
plutonism (Peterson et al., 2000) that surrounds the
basin. Local paleocurrents indicate drainage from
the south (Fig. 2). Wharton and Baker Lake Group
derived zircons are probably limited to the lower
sequence near the southern margin. The Thelon For-
mation probably extended much further south based
on the >400 m thickness of the Thelon Formation
near the present southern limits of the basin.

The oldest zircon population is Paleoarchean and
occurs in the middle and upper sequences with a clus-
ter of ages between 3457 and 3400 Ma and a few ages
older than 3600 Ma (Fig. 8). Archean detrital zircons
with ages of 3000–2810 Ma occur in polymictic con-
glomerate and orthoquartzite in the Woodburn Lake
Group (Davis and Zaleski, 1998), suggesting a prox-
imal Mesoarchean source. Recent data indicates de-
trital zircons in the orthoquartzite may be as old as
3500 Ma (Zaleski et al., 2000).

Ages greater than 3500 Ma are more difficult to
attribute to nearby sources. Paleoarchean outcrops
of this age are uncommon in the Canadian Shield,
although detrital or inherited zircons of these ages
have been documented in three areas (Fig. 9). To
the east of the Thelon Basin, in the hinterland of the
Torngat Orogen (Fig. 1), rounded inclusions within
igneous zircons of the Uivak gneiss record ages of
3860–3730 Ma (Schiotte et al., 1992). To the south
of the Trans-Hudson Orogenic belt in the Assean
Lake complex of the Western Superior Province
(Fig. 1), detrital zircons in metagreywacke record
ages up to 3900 Ma (Bohm et al., 2001). To the
west, the Slave Province contains extensive Archean
granite–greenstone terranes. Detrital zircons extracted
from quartzite in the Central Slave Cover Group
reveal ages from 3950 to 2600 Ma, with peak accu-
mulations at ca. 3400, 3150, 2900, and 2825 Ma, and
minor populations at 3950–3600 Ma (Bleeker et al.,
2000). Ages older than 3900 Ma are recorded in the
Acasta gneiss (Stern and Bleeker, 1998). These ex-
posures all occur far from the present position of the
eastern Thelon Basin.

If Paleoarchean zircons of the middle sequence
were to have come directly from the Western Supe-
rior, Nain, or Slave provinces, they would have to
have been transported across major orogenic belts,
the Trans-Hudson, Torngat, and Thelon–Talston, re-
spectively, which likely constituted drainage divides.
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Fig. 9. Geochronological histories of selected cratons indicating periods of magmatism, age of supracrustal accumulation and age of the oldest detrital zircons found to date.
Also shown are the cummulative probability ages from the sequences in the eastern Thelon Basin (Crocker et al., 1993; Percival et al., 2000; Villeneuve et al., 1997).
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Furthermore, the Trans-Hudson Orogenic Belt in-
cludes the extensive 1850 Ma Wathaman Batholith
(Fig. 1) which could also have been a barrier to
sediment transport. Less than 2% of all zircons ana-
lyzed from the eastern Thelon Basin are of this age,
which suggests that if the Superior was the source of
the oldest detrital zircons, they were not transported
across the Trans-Hudson. More likely, they could have
been deposited into an older basin and subsequently
reworked to arrive and carried into the Thelon Basin.

Paleocurrents suggest the primary drainage direc-
tion was from the east to the west (Fig. 1) during
deposition of the Thelon Basin (Donaldson, 1965).
However, if the zircons have been recycled it would
be difficult to ascertain provenance solely by age and
paleocurrents. Pan-continental drainage systems have
been documented (Rainbird et al., 1997; Aspler et al.,
2001) over much of the Canadian Shield. During
deposition of the upper part of the Hurwitz Group,
and prior to deposition of the Thelon Formation, a
pan-continental fluvial system drained east delivering
2.5–1.9 Ga zircons to the Hurwitz Basin south of the
Thelon Basin, and possibly contributed detritus to the
age-equivalent Amer Group northeast of the Thelon
Basin (Aspler et al., 2001). A similar system could
also have delivered older Paleoarchean zircons into
the western Churchill Province.

The presence of Paleoarchean zircons in the middle
sequence leads us to suggest that the oldest source
material was most likely now on the order of 1000–
2000 km away. However, given that there is a strong
indication some zircons are recycled, coupled with the
uncertainty of paleo-tectonic reconstructions for this
time (e.g.Zhao et al., 2002; Karlstrom et al., 1999;
Idnurm and Giddings, 1995; Moores, 1991), we can
not conclusively determine the source. Because of lim-
ited exposure of bedrock east of the Thelon Basin, we
cannot rule out the possibility that >3500 Ma sources
may yet be discovered in the eastern Rae domain.

In hole DPR-8 Mesoarchean zircons are present
approximately 80 m above the basal unconformity
(Fig. 8). Zircons of this age do not occur elsewhere in
lower sequence strata but zircons of similar age and
U/Zr content (Table 1) are found in middle sequence
strata suggesting these strata were derived from the
same region as the middle sequence (Fig. 8). Detri-
tal mineral assemblages are consistent with both the
lower and middle sequences and therefore do not

conclusively determine the stratigraphic level of the
strata. There are two possible explanations for the
presence of Mesoarchean zircons in this stratigraphic
interval, which suggest that this interval is part of
the middle sequence. This area may have been a pa-
leotopographic high during deposition of the lower
sequence, or more plausibly, a middle sequence chan-
nel cut down through the nearshore facies of the lower
sequence (Fig. 3), a sedimentary process in keeping
with braided stream systems (Miall and Arush, 2001).

Mesoarchean (2900–3400 Ma) and Paleoprotero-
zoic zircons of the middle sequence contain high
U/Zr ratios (Fig. 6) corresponding to greater than
1500 ppm uranium. This suggests a granitic source
and probably one that contained anomalously high
values of uranium.

6.2. Oxygen isotopes from detrital quartz

Oxygen isotopic compositions from detrital quartz
range from 7.7 to 13.9‰ (Table 2). The high values
for each sequence are similar and the range in iso-
topic compositions from the lower (9.8–13.9‰), mid-
dle (9.4–12.9‰), and upper (7.7–13.2‰), sequences
are close (Fig. 7). However, isotopically light (<9‰)
grains only occur in the upper sequence (Fig. 7).

The lower sequence contains quartz grains that
are dominantly polycrystalline, and finely subgrained
quartz grains are abundant. Lithic clasts include re-
worked sandstone, siltstone, banded iron formation
and quartzite. Zircon and apatite are common both
as detrital grains and as inclusions in the detrital
quartz. Theδ18O values of the detrital quartz in the
lower sequence of the eastern Thelon Basin indi-
cate a metamorphic origin and are consistent with
metasedimentary rocks, such as those to the east and
northeast. Numerous two-phase aqueous–vapor and
small, aqueous, secondary inclusions are also consis-
tent with metasedimentary sources and vein quartz,
respectively.

The middle sequence contains quartz that is typ-
ically polycrystalline and often contains abundant
biotite, muscovite, tourmaline and zircon inclusions,
rare pyrite inclusions and abundant high-salinity fluid
inclusions. Lithic clasts, such as banded iron forma-
tion and sandstone, are present in minor amounts
and are typically altered. Theδ18O values of quartz,
9.4–12.9‰, suggest a predominant contribution from
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metamorphic sources, but inclusions associated with
igneous rocks possibly indicate an increase in the con-
tribution from granitic sources. High-salinity fluid in-
clusions are consistent with a granitic-related source.

To the south, the eastern Thelon Basin is surrounded
by Archean gneisses punctuated by Paleoproterozoic
(ca. 1.85–1.75 Ga) monzonite to granite intrusions
(Peterson et al., 2000) and the Baker Lake Basin com-
prising ultrapotassic volcanic rocks, sandstone and
conglomerate. Quartz grains with pyrite inclusions
may have been derived from large stockworks within
the volcanics described byTurner et al. (2001)in the
Mallory Lake area approximately 40 km to the south.
Some contribution from the south is implied by the
presence of reworked sandstone clasts typical of the
Baker Lake basin.

Quartz from the upper sequence is both polycrys-
talline and monocrystalline with abundant apatite and
zircon inclusions. Lithic clasts are rare. Theδ18O val-
ues of quartz range from 7.7 to 13.2‰. The shift to-
ward lower values, relative to the other sequences,
without an accompanying decrease in the high end
values, most likely reflects an increase in the propor-
tion of isotopically light material. This shift indicates
an influx of granitic material late in the depositional
history or preferential preservation of igneous-derived
quartz reworked from the lower and middle sequences.

6.3. Implications for Basin Evolution

The lower sequence contains zircons derived from
Neoarchean and early Paleoproterozoic terranes. The
δ18O values of quartz suggest a dominantly metamor-
phic source (Fig. 10). Detrital apatite is preserved in-
dicating limited alteration during transport of material
and therefore a proximal source. Because the eastern
Thelon Basin is surrounded to the south, north, and
east by Neoarchean metasedimentary sequences, early
Paleoproterozoic supracrustal rocks, such as the Amer
Group, and minor granitic intrusions, it is difficult to
more accurately locate the source of this detritus other
than to conclude it was proximal to the basin. The
lower sequence contains a variety of clasts also con-
sistent with mixed local sources.

The middle sequence, based onδ18O values, is
derived from a dominantly metamorphic source
(Fig. 10). Zircons from early Paleoarchean (>3400 Ma)
to middle Paleoproterozoic (1750–2100 Ma) terranes

contribute to this sequence and the presence of banded
iron formation clasts suggests derivation from south-
ern exposures in the Hearne domain or possibly from
the east in the Woodburn Lake Group. There is, how-
ever, no known proximal source area for the oldest
zircons, which are >3700 Ma (Fig. 5). A potential
source area is the Labrador segment of the Nain
province to the east, containing the 3860–3730 Ma
Uivak gneiss (Fig. 1). Other possible source terranes
are the Superior province with 3900–3700 Ma detrital
zircons in metasediments of the Assean Lake crustal
complex (Bohm and Heaman, 1999; Bohm et al.,
2001), or the metasedimentary quartzites of the Slave
Province (Bleeker et al., 2000) (Fig. 9). The zircons
may have been reworked from material deposited to
the east of the basin prior to the 2.1–1.8 amalgamation
of the Canadian Shield.

The upper sequence, sampled from DPR-6 and 9,
has a similar zircon population as the middle sequence
(Fig. 5), with ages from the middle Paleoproterozoic
(2100–1750 Ma) to Paleoarchean (>3400 Ma). The
scarcity of zircons in the upper sequence may be due
to their poor preservation. Theδ18O values of quartz
are similar in all sequences but extend to lower values
in the upper sequence. The upper part of the range
reflects similar sources of sediment as for the lower
and middle sequences (Fig. 10). This sediment could
have been derived by local reworking of the lower
two sequences. The lowerδ18O values (Fig. 7), how-
ever, require a greater contribution of igneous rocks,
such as from the nearby granite plutons that surround
the Amer Group (LeCheminant and Roddick, 1991).

The analysis of detrital material indicates the na-
ture and distance of the source areas and how they
have changed through time. This in turn elucidates
the paleogeographic and tectonic evolution of the
basin. Integration of lithostratigraphic data, detrital
zircon ages, U/Zr ratios, andδ18O values of detrital
quartz indicate that early sources for the detritus that
fed the basin, now represented in the lower sequence,
were nearby and tectonically controlled. In contrast,
older material within the fluvial-dominated middle se-
quence and predominant west-directed paleocurrents
suggests deposition from a more distal source to the
east. By the time deposition of the upper sequence
commenced, detritus was again supplied from pre-
dominantly proximal sources and consisted mainly
of reworked existing Thelon Formation combined



S.E. Palmer et al. / Precambrian Research 129 (2004) 115–140 137

Fig. 10. Oxygen isotope composition from detrital quartz (approximately 1% of the quartz grains in a sample) plotted against the206Pb–207Pb
ages from single zircon grains from the same sample. Where several analyses are represented in the sampled horizon, a range of age
values are given.

with nearby granites. The detrital assemblages from
lower, middle and upper sequences therefore record a
change in source from proximal to distal to proximal
and suggests the basin’s depositional history, initially
controlled by tectonic processes, was sustained by a
regional paleo-slope to the west. Reworking of lower
strata and a return to proximal sources record the
waning stages of the fluvial system.

7. Summary

Initial deposition of sediment in the Thelon Basin
is constrained by the youngest zircon age of 1778±

16 Ma, and the unconformable contact with 1753±
3 Ma fluorite-bearing granite (Loveridge et al., 1987).
The onset of diagenesis is constrained by 1720±6 Ma
phosphate cement (Miller et al., 1989). This indicates
the basin-infilling event spanned a period of no more
than 33 Ma, during which time the drainage systems
expanded and then contracted. Based on sediment
composition, 207Pb–206Pb ages of detrital zircons,
and oxygen isotopic compositions of detrital quartz
(Fig. 10), the early detrital material in the lower
sequence was derived predominantly from the proxi-
mal Neoarchean and Paleoproterozoic metasediments
surrounding the eastern Thelon Basin. Early block-
faulting of the basin probably controlled deposition.
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Detrital material of the middle sequence was de-
rived in part from similar sources (Fig. 10) but also
included Paleoarchean and Mesoarchean material
probably derived from the east, perhaps as far away
as 1000–2000 km, and transported via drainage sys-
tems controlled by a regional paleoslope. The distinct
absence of Paleo and Mesoarchean zircons from the
lower sequence generally supports the stratigraphic
subdivisions of the eastern Thelon Basin established
by Hiatt et al. (2003)suggesting only minor modifica-
tion: the reassignment of the upper portion of DPR-8
from the lower sequence to the middle sequence.

The upper sequence includes material of the same
age range as the middle sequence but pristine zircons
are rare and lowerδ18O values (Fig. 10) indicate a
greater contribution from felsic igneous sources sug-
gesting a more proximal source and local reworking of
earlier Thelon Formation strata. This return to a more
local provenance coupled with the coarse-grained flu-
vial deposits that comprise this sequence, suggest re-
newed uplift at the basin margins.
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