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Abstract:  A maximum depositional age of 2.155 ± 0.017 Ga is reported for a conglom-
erate unit at the interval between the upper and lower volcanic cycles in the Rankin Inlet 
greenstone belt. The age of the upper volcanic cycle is revised to Paleoproterozoic as it is inter-
preted to unconformably overlie the conglomerate unit. The lower volcanic cycle is Archean based 
on previous geochronology. Four generations of deformational structures recorded in the upper 
volcanic cycle and the associated sedimentary rocks must also be Paleoproterozoic.

Résumé : On évalue à 2,155 ± 0,017 Ga l’âge maximal de dépôt d’une unité de conglomérat occupant 
l’intervalle entre les cycles volcaniques supérieur et inférieur de la ceinture de roches vertes de Rankin 
Inlet. Le cycle volcanique supérieur est  dorénavant daté du Paléoprotérozoïque car l’interprétation veut 
qu’il repose en discordance sur l’unité de conglomérat. Selon les résultats d’études antérieures de géochro-
nologie, le cycle volcanique inférieur date de l’Archéen. Quatre générations de structures de déformation 
relevées dans les roches du cycle volcanique supérieur et les roches sédimentaires associées doivent égale-
ment dater du Paléoprotérozoïque.
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INTRODUCTION

The Rankin Inlet greenstone belt, exposed in the vicinity 
of Rankin Inlet on the west coast of Hudson Bay, Nunavut 
(Fig. 1) occupies a critical position along the inferred 
boundary between the central and northwestern Hearne sub-
domains (Tella et al., 2007), and is the location of the only 
past-producing nickel mine in Nunavut. Tella et al. (1986) 
divided the volcano-sedimentary Rankin Inlet Group into a 
lower volcanic cycle characterized by a mixed assemblage 
of volcano-sedimentary rocks, and an upper volcanic cycle 
characterized by thick pillowed volcanic fl ows, with minor 
intercalated sedimentary layers (Fig. 2). The two cycles 
locally are separated by a clastic sedimentary horizon domin-
ated by a polymictic conglomerate. A single Neoarchean age 
of 2663 ± 3 Ma has been reported for a felsic volcanic rock 
within the lower cycle (Tella et al., 1996), identical, within 
error, for an age of 2662 ± 2 Ma for a proximal tonalite stock 
(Carpenter, 2003). Precise ages for the upper cycle have not 
been determined, largely owing to the absence of datable hor-
izons (e.g. felsic volcanic rocks). In the absence of direct age 
data, Tella et al. (1986, 1996) interpreted the upper cycle to 
be Archean based on similar physical characteristics to other 
Neoarchean volcanic sequences in the Hearne domain.

The upper volcanic cycle is overlain by sedimentary 
rocks dominated by massive, crossbedded impure quartzite, 
and ripple-bedded orthoquartzite. The orthoquartzite has 
been correlated on the basis of lithological similarity with the 
Kinga Formation (Whiterock member) of the lower Hurwitz 
Group (Tella et al., 1986). The stratigraphic age 
and position of the impure quartzite units is less 
certain, and was interpreted to be Archean by Tella 
et al. (1986).

Uranium-lead ages were determined from 
detrital zircon from a sandy horizon in the distinct-
ive conglomerate unit that marks the boundary 
between the two cycles. The youngest zircon ana-
lyzed at 2.155 ± 0.017 Ga provides a maximum 
depositional age for the conglomerate, and suggests 
that at least part of the overlying upper volcanic 
cycle is Paleoproterozoic and not Archean. This 
conclusion necessitates a re-evaluation of the 
stratigraphic and structural history of the Rankin 
Inlet area.

GEOLOGICAL SETTING

The upper volcanic cycle is exposed on Tudlik 
and Kudlulik peninsulas, and on the numerous 
islands in the vicinity of Rankin Inlet (Fig. 2). It is 
dominated by thick pillow basalts, with subordin-
ate interfl ow pillow breccia units and epiclastic 
horizons, as well as rare turbidite horizons com-
prising rhythmically layered sandstone and shale 

(including black shale). The lower cycle is dominated by 
rhythmically layered, turbiditic, volcanic-derived sedi-
mentary rocks, and abundant mafi c hypabyssal intrusions. 
Volcanic rocks are uncommon and restricted to the bottom 
part of the lower cycle. The sedimentary rocks also include 
horizons of banded iron-formation, chert, greywacke, and 
volcanic conglomerate.

The upper and lower volcanic cycles are separated by 
a sedimentary horizon of coarse-grained, polymictic, con-
glomerate interstratifi ed with sandstone beds and less well 
bedded, poorly sorted conglomerate. Clast composition 
includes granitoid rocks (commonly blue quartz-eye-bear-
ing), with less common quartzite and carbonate. The source 
of the granitoid cobbles remains enigmatic because granitic 
rocks are rare in the neighbouring lower volcanic cycle. Blue 
quartz granules are a common matrix constituent of the con-
glomerate, and could be derived from the same source as the 
granitoid cobbles.

The conglomerate unit is discontinuous along strike, and 
is best exposed only at two localities. It has undergone sig-
nifi cant internal strain, as indicated by the strongly fl attened 
and stretched clasts. The conglomerate fi nes upward toward 
the contact with the upper volcanic cycle, and locally pil-
lows lie directly on a chloritic phyllite. At the geochronology 
sample site (Fig. 2), volcanic rocks of the upper cycle have 
been interpreted to conformably overlie the conglomerate 
(Tella et al., 1986; Ryan et al., 1999a). Tella et al. (1986) 
interpreted a thrust fault contact between the conglomerate 

Figure 1. Geological map of western Laurentian craton with location inset box 
of the Rankin Inlet area. Snowbird = Snowbird tectonic zone.



3Current Research 2008-8 W.J. Davis et al.

and the underlying volcanic units. This contact is not exposed 
at the sample site, and the present authors cannot conclude 
whether that contact is stratigraphic or faulted.

Four generations of deformational fabrics are recorded in 
the Rankin Inlet area, including the Paleoproterozoic sedi-
mentary rocks (Ryan et al., 1999a). S

1
 is observed only in 

phyllitic beds, where it is subparallel to bedding. S
2
 is more 

pervasively developed, commonly forms a fabric axial-pla-
nar to 0.5−10 m scale folds having shallow axial surfaces, 
and at least locally, has opposite vergence to S

1
. An upright 

S
3
 fabric is axial-planar to the large, open F

3
 fold that con-

trols the structural geometry at Rankin Inlet. S
3
 varies from 

an open crenulation cleavage in schistose rocks to pervasive 
grain-shape fabric in the quartzite units. S

4
 is a northerly 

trending, fi nely spaced crenulation cleavage that is region-
ally widespread, but has no associated macroscopic folds. 
A suite of crosscutting, undeformed south- to southeast-
trending lamprophyre dykes, correlated with the time of ca. 
1.83 Ga Christopher Island Formation volcanic event 
(Rainbird et al., 2006), constrains the lower age of 
deformation.

GEOCHRONOLOGY RESULTS

The sample (99TXC239b) was collected from a sand-
stone layer within the conglomerate unit 4 m below the base 
of the overlying upper volcanic cycle (Fig. 2, 3). The bed 

is relatively homogeneous, weakly normally graded, 30 cm 
thick, and has a strike length of more than 50 m, despite 
obvious high strain demonstrated by a dismembered quartz 
vein (Fig. 3). The sandstone contains abundant grey to blue 
quartz granules.

Zircon was separated by standard techniques and 
mounted in an epoxy puck, polished to half grain thick-
ness, and imagined using a backscatter electron detector on 
a scanning electron microscope prior to analyses. A primary 
beam diameter of approximately 25 µm was used for ion 
probe analyses (SHRIMP). Geological Survey of Canada 
zircon standard 6266 (206Pb/238U age = 559 Ma) was used to 
calibrate Pb/U ratios according to the method described in 
Stern and Amelin (2003). A measured uncertainty of 1% in 
the calibration was propagated to unknowns. Details of the 
SHRIMP analytical methods can be found in Stern (1997) 
and Stern and Amelin (2003).

Zircon grains include a range of morphological types 
ranging from euhedral prisms (grain 57; Fig. 4) to rounded 
grains indicative of mechanical abrasion during sedimentary 
transport (grains 62, 33; Fig. 4). Many of the larger grains 
(>150 µm) are fragments of larger crystals. The degree of 
rounding does not correlate directly with age (e.g. grains 62 
and 57; Fig. 4), however, in general, the Paleoproterozoic 
grains are less rounded than the Archean grains (grains 1, 
4, 69, 110−112). A total of 50 zircon grains encompassing 
the entire range of morphological varieties were analyzed 
(Table 1). The majority of zircon grains have Neoarchean 

Figure 2. Simplifi ed geological map of the Rankin Inlet area from Tella et al. (1986) and Ryan et al. (1999b). The 
location of the sample site is indicated by a circle.
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Figure 3. a) Outcrop view of sample site showing pillow lavas 
of the upper volcanic cycle (UVC) overlying conglomerate 
unit. Sledge hammer is 80 cm long. View looking north. Yellow 
box indicates approximate area of photograph for Figure 3b. 
b) Detailed image of sandstone layer sampled for geochronol-
ogy. Sledge hammer is 80 cm long. c) Pillow lavas of the upper 
volcanic cycle overlying conglomeratic horizon. Cliff face is about 
15 m high.

Figure 4. Backscatter electron images of zircon recovered from 
the conglomerate. Images taken at operating voltage of 20 kV 
using a Cambridge scanning electron microscope. Numbers are 
crossreferenced to Table 1 with 207Pb/206Pb ages reported in Gigayears.
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ages (2.75−2.6 Ga), with a minor component of Mesoarchean 
zircon (3.25−2.9 Ga) (Fig. 5a, b). Approximately 15% of 
the analyses have ages of ca. 2.5 Ga, and two grains (4%) 
have younger ages of ca. 2.15 Ga. Replicate analyses of the 
grain 1 (Table 1) yielded a weighted mean age of 
2.155 ± 0.017 Ga, which represents the best estimate of the 
maximum depositional age of the sedimentary rock.

DISCUSSION

Provenance of the conglomerate

Neoarchean zircon is the most prominent age compon-
ent in the conglomerate sample; however, zircon of this age 
is not diagnostic of a particular source region and could be 
locally derived. Similarly, Mesoarchean zircon is common 
within Paleoproterozoic cover sequences on the Western 
Churchill basement, although it is less prominent in the 
Hurwitz Group rocks in the central Hearne area (Davis 
et al., 2005). The primary source of this Mesoarchean zir-
con remains poorly defi ned, and it may represent multiply 
recycled grains. The source of the population of ca. 2.5 Ga 
zircon is also enigmatic. Zircon of this age is known to occur 
northwest of Rankin Inlet along Chesterfi eld Inlet within 
the Uvuak complex (Mills et al., 2007) and MacQuoid belt 
(Ryan et al., 2000), and further west-southwest at Yathkyed 
Lake (MacLachlan et al., 2005). Zircon described from these 
areas is dominantly metamorphic in origin and does not 
have the morphology or composition of the ca. 2.5 Ga grains 
within the conglomerate sample. Igneous rocks with ca. 
2.5 Ga ages are documented in the Wollaston domain 
about 500 km to the south-southwest of Rankin Inlet and 
are recycled as detrital grains within sedimentary rocks 
of the less than 2.07 Ga Wollaston Supergroup (Yeo and 
Delaney, 2007). Similar sources may have contributed to the 
conglomerate at Rankin Inlet.

Stratigraphic implications

The implications of a depositional age for the con-
glomerate younger than 2.155 Ga critically depend on the 
interpretation of a stratigraphic relationship between the 
conglomerate and overlying volcanic rocks. Accepting 
that rocks of the upper volcanic cycle were conformably 
deposited on the conglomerate (e.g. Tella et al., 1986; Ryan 
et al., 1999a, b) requires that at least parts of the upper vol-
canic rocks be younger than 2.155 Ga. Laporte (1975, 1983) 
suggested a Proterozoic age for all of the volcanic rocks 
at Rankin Inlet and correlated them with the Happotiyik 
member of the Ameto Formation of the Hurwitz Group 
(cf. Sandeman et al., 2003). This interpretation was not 
subsequently adopted by Tella et al. (1986). The Ameto 
Formation of the lower Hurwitz Group is older than 
2.111 Ga, based on the age of crosscutting gabbro (Patterson 
and Heaman, 1991) and could overlap in age with upper 

volcanic cycle rocks at Rankin Inlet that are younger than 
2.155 Ga; however, as no minimum age has been determined, 
the upper volcanic cycle could be signifi cantly younger than 
the Ameto Formation.

Alternatively, if the deformed upper contact of the con-
glomerate with the upper volcanic cycle is a signifi cant fault 
then the maximum depositional age of the conglomerate pro-
vides no information on the age of the structurally overlying 
upper volcanic cycle. It would, however, indicate signifi cant 
structural imbrication younger than 2.155 Ga within the belt. 
The timing of this imbrication may be associated with ca.
1.9 Ga deformation documented to the north of Rankin Inlet 
in the Josephine River belt (Berman et al., 2002).

If the interpretation of a Paleoproterozoiic upper volcanic 
cycle is correct then the Neoarchean Re-Os isochron age 
reported for sulphide minerals associated with the ultramafi c 
sill at North Rankin Nickel Mines (Hulbert and Gregoire, 
1993) must be addressed. The relationship of the sill to 
adjacent upper volcanic cycle rocks is poorly described. It 
occurs at the contact between sedimentary rocks and mafi c 
volcanic rocks of the upper volcanic cycle. Both contacts 

Figure 5. a) Concordia diagram of detrital zircon ages. 
b) Cumulative probability and histogram of less than 5% 
discordant analyses (Ludwig (2001), Isoplot 3.0).
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are described as tectonized by Bannantyne (1958). If the 
Archean age for the sill is accurate then the contact of the 
sill with Paleoproterozoic upper volcanic cycle units must 
be tectonic.

Timing of regional deformation

Although it can be assumed that there may be Archean 
deformation recorded in the Archean lower volcanic cycle, 
consistent with other Archean rocks in the central Hearne 
domain, all four generations of regional fabrics documented 
in the Rankin Inlet area are present in the upper volcanic 
cycle and the inferred Hurwitz Group rocks, indicating that 
the main structural pattern observed at Rankin Inlet is a 
consequence of Paleoproterozoic deformation between ca. 
2.15 Ga and 1.83 Ga (Ryan et al., 1999a, b). This fi nding has 
signifi cant implications for the regional deformation history 
in surrounding areas, most notably in the Meliadine gold 
camp where debate continues as to the timing of structurally 
hosted gold (cf. Carpenter et al., 2005).

ACKNOWLEDGMENTS

Chris Studnicki-Gizbert and Luc Lepage provided excel-
lent assistance in the fi eld. Discussions and a brief fi eld visit 
by Larry Aspler were greatly appreciated. Julie Peressini, 
Nicole Rayner, Gerry Gagnon, and Ron Christie are thanked 
for technical assistance in the laboratory. Rob Rainbird is 
thanked for reviewing the manuscript.

REFERENCES

Bannantyne, B.B., 1958. The geology of the Rankin Inlet area and 
North Rankin Nickel Mines, Limited, Northwest Territories; 
M.Sc. thesis, University of Manitoba, Winnipeg, Manitoba, 
83 p.

Berman, R.G., Davis, W.J., Aspler, L.B., and Chiarenzelli, J.R., 
2002. In situ SHRIMP U-Pb geochronology of Barrovian 
facies-series metasedimentary rocks in the Happy lake 
and Josephine River supracustal belts: implications for the 
Paleoproterozoic architecture of the northern Hearne domain, 
Nunavut; Radiogenic Age and Isotopic Studies: Report 15; 
Geological Survey of Canada, Current Research 2002–F4, 
14 p.

Carpenter, R.L., 2003. Relative and absolute timing of supracru-
stal deposition, tectonothermal activity and gold mineraliza-
tion, west Meliadine region, Rankin Inlet greenstone belt, 
Nunavut, Canada; Ph.D. thesis, University of Western Ontario, 
London, Ontario, 386 p.

Carpenter, R.L., Duke, N.A., Sandeman, H.A., and Stern, R., 
2005. Relative and absolute timing of gold mineralization 
along the Meliadine Trend, Nunavut, Canada; evidence 
for Paleoproterozoic gold hosted in an Archean greenstone 
belt; Economic Geology and the Bulletin of the Society of 
Economic Geologists, v. 100, p. 567–576.

Davis, W.J., Rainbird, R.H., Aspler, L.B., and Chiarenzelli, J.R., 
2005. Detrital zircon geochronology of the Paleoproterozoic 
Hurwitz and Kiyuk groups, western Churchill Province, 
Nunavut; Geological Survey of Canada, Current Research 
2005–F1, 13 p.

Hulbert, L.J. and Gregoire, D.C., 1993. Re-Os isotope systematics 
of the Rankin Inlet Ni ores: an example of the application of 
ICP-MS to investigate Ni-Cu-PGE mineralization, and the 
potential use of Os isotopes in mineral exploration; Canadian 
Mineralogist, v. 31, p. 861–876.

Laporte, P.J., 1975. Geology of the Rankin Inlet area, Northwest 
Territories; M.Sc. thesis, Brock University, St. Catharines, 
Ontario, 147 p.

Laporte, P.J., 1983. Geology of the Rankin Inlet area, District of 
Keewatin, Northwest Territories, NTS 55K/16, parts of 55J/13, 
K/9; Department of Indian Affairs and Northern Development 
(DIAND), Canada, Report 1983–4, 50 p. (4 maps, 
scale 1:63 360).

Ludwig, K.R., 2001. User’s Manual for Isoplot/Ex rev. 2.49: 
a Geochronological Toolkit for Microsoft Excel; Special 
Publication 1a, Berkeley Geochronology Center, Berkeley, 
California, 55 p.

MacLachlan, K., Davis, W.J., and Relf, C., 2005. U/Pb geo-
chronological constraints on Neoarchean tectonism; multiple 
compressional events in the northwestern Hearne Domain, 
western Churchill Province, Canada; Canadian Journal of 
Earth Sciences, v. 42, no. 1, p. 85–109.

Mills, A., Berman, R.G., Davis, W.J., Tella, S., Carr, S.D., 
Roddick, C., and Hanmer, S., 2007. Thermobarometry and 
geochronology of the Uvauk Complex: a polymetamorphic 
Neoarchean and Paleoproterozoic segment of the Snowbird 
tectonic zone, Nunavut, Canada; Canadian Journal of Earth 
Sciences, v. 44, no. 2, p. 245–266.

Patterson, J.G. and Heaman, L.M., 1991. New geochronologic 
limits on the depositional age of the Hurwitz Group, 
Trans-Hudson hinterland, Canada; Geology, v. 19, 
p. 1137–1140.

Rainbird, R.H., Davis, W.J., Stern, R.A., Peterson, T.D., Smith, 
S.R., Parrish, R.R., and Hadlari, T., 2006. Ar-Ar and U-Pb 
geochronology of a late Paleoproterozoic rift basin; support for 
a genetic link with Hudsonian orogenesis, western Churchill 
Province, Nunavut, Canada; The Journal of Geology, v. 114, 
no. 1, p. 1–17.

Ryan, J., Davis, W., Berman, R., Sandeman, H., Hanmer, S., 
and Tella, S., 2000. 2.5 Ga granulite-facies activity and 
post-1.9 low-grade reactivation along the Big Lake shear 
zone, MacQuoid-Gibson lakes area (Nunavut): a fundamental 
boundary in the Western Churchill Province; in GeoCanada 
2000: the Millenium Geoscience Summit Conference CD; 
Joint Meeting of the Canadian Geophysical Union, Canadian 
Society of Exploration Geophysicists, Canadian Society 
of Petroleum Geologists, Canadian Well Logging Society, 
Geological Association of Canada, and the Mineralogical 
Association of Canada, Calgary, abstract 864, 4 p.

Ryan, J.J., Aspler, L., Tella, S., Sandeman, H.A., and Studnicki-
Gizbert, C., 1999a. Revision of Paleoproterozoic stratigraphy 
at Rankin Inlet: implications for the timing of multiple regional 
deformations, Rankin Inlet area, Kivalliq Region, Nunavut; 
in Proceedings 27th Yellowknife Geoscience Forum, Program 
with Abstracts, Yellowknife, Northwest Territories; p. 60−61.



8 W.J. Davis et al.Current Research 2008-8

Ryan, J.J., Studnicki-Gizbert, C., Tella, S., and Sandeman, H.A., 
1999b. Sequence stratigraphy in the Archean Rankin Inlet 
greenstone belt, Rankin Inlet area, Kivalliq Region, Nunavut; 
in Proceedings 27th Yellowknife Geoscience Forum, Program 
with Abstracts, Yellowknife, Northwest Territories; p. 59−60.

Sandeman, H.A., Cousens, B.L., and Hemmingway, C.J., 2003. 
Continental tholeiitic mafi c rocks of the Paleoproterozoic 
Hurwitz Group, Central Hearne sub-domain, Nunavut: insight 
into the evolution of the Hearne sub-continental lithosphere; 
Canadian Journal of Earth Sciences, v. 40, p. 1219–1237.

Stern, R.A., 1997. The GSC Sensitive High Resolution Ion 
Microprobe (SHRIMP): analytical techniques of zircon 
U-Th-Pb age determinations and performance evaluation; in 
Radiogenic Age and Isotopic Studies: Report 10; Geological 
Survey of Canada, Current Research 1997-F, p. 1−31.

Stern, R.A. and Amelin, Y., 2003. Assessment of errors in SIMS 
zircon U-Pb geochronology using a natural zircon standard and 
NIST SRM 610 glass; Chemical Geology, v. 197, p. 111–146.

Tella, S., Annesley, I.R., Borradaile, G.J., and Henderson, J.R., 
1986. Precambrian geology of parts of Tavani, Marble Island, 
and Chesterfi eld Inlet map areas, District of Keewatin: a 
progress report; Geological Survey of Canada, Paper 86–13, 
20 p.

Tella, S., Paul, D., Berman, R.G., Davis, W.J., Peterson, T.D., 
Pehrsson, S.J., and Kerswill, J.A., 2007. Bedrock geology 
compilation and regional synthesis of parts of Hearne and Rae 
domains, western Churchill Province, Nunavut-Manitoba; 
Geological Survey of Canada, Open File 5441, scale 1:550 000 
(3 sheets and a CD-ROM).

Tella, S., Roddick, J.C., and van Breemen, O., 1996. U-Pb zircon 
age for a volcanic suite in the Rankin Inlet Group, Rankin 
Inlet map area, District of Keewatin, Northwest Territories; in 
Radiogenic Age and Isotopic Studies: Report 9; Geological 
Survey of Canada, Current Research 1995-F, p. 11−15.

Yeo, G.M. and Delaney, G., 2007. The Wollaston Supergroup, 
stratigraphy and metallogeny of a Paleoproterozoic Wilson 
cycle in the Trans-Hudson Orogen, Saskatchewan; in EXTECH 
IV: Geology and Uranium EXploration TECHnology of the 
Proterozoic Athabasca Basin, Saskatchewan and Alberta, (ed.) 
C.W. Jefferson and G. Delaney; Geological Survey of Canada, 
Bulletin 588 (also Saskatchewan Geological Society, Special 
Publication 18; Geological Association of Canada, Mineral 
Deposits Division, Special Publication 4), p. 89−118.

Geological Survey of Canada Project X95.


	Abstract
	Résumé 
	INTRODUCTION
	GEOLOGICAL SETTING
	GEOCHRONOLOGY RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES
	Illustrations
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5

	Tables
	Table 1


