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Detrital zircon geochronology of Ediacaran to Cambrian deep-water
strata of the Franklinian basin, northern Ellesmere Island, Nunavut:
implications for regional stratigraphic correlations
Luke P. Beranek, Victoria Pease, Robert A. Scott, and Tonny B. Thomsen

Abstract: Enigmatic successions of deep-water strata referred to as the Nesmith beds and Grant Land Formation comprise the
exposed base of the Franklinian passive margin sequence in northern Ellesmere Island, Nunavut. To test stratigraphic correla-
tions with Ediacaran to Cambrian shallow-water strata of the Franklinian platform that are inferred by regional basin mod-
els, >500 detrital zircons from the Nesmith beds and Grant Land Formation were analyzed for sediment provenance analysis
using laser ablation (LA–ICP–MS) and ion-microprobe (SIMS) methods. Samples of the Nesmith beds and Grant Land Formation
are characterized by 1000–1300, 1600–2000, and 2500–2800 Ma detrital zircon age distributions and indicate provenance from
rock assemblages of the Laurentian craton. In combination with regional stratigraphic constraints, these data support an
Ediacaran to Cambrian paleodrainage model that features the Nesmith beds and Grant Land Formation as the offshore marine
parts of a north- to northeast-directed depositional network. Proposed stratigraphic correlations between the Nesmith beds and
Ediacaran platformal units of northern Greenland are consistent with the new detrital zircon results. Cambrian stratigraphic
correlations within northern Ellesmere Island are permissive, but require further investigation because the Grant Land Forma-
tion provenance signatures agree with a third-order sedimentary system that has been homogenized by longshore current or
gravity-flowprocesses, whereas coeval shallow-water strata yield a restricted range of detrital zircon ages and imply sources from
local drainage areas or underlying rock units. The detrital zircon signatures of the Franklinian passivemargin resemble those for
the Cordilleran and Appalachian passivemargins of Laurentia, which demonstrates the widespread recycling of North American
rock assemblages after late Neoproterozoic continental rifting and breakup of supercontinent Rodinia.

Résumé :Des suites non conventionnelles de strates d'eau profonde, connues sous le nom de lits Nesmith et Formation de Grant
Land, comprennent la base affleurant de la séquence de bordure passive franklinienne dans le nord de l'île d'Ellesmere, au
Nunavut. Dans le but de vérifier les corrélations stratigraphiques avec des strates édiacariennes et cambriennes d'eau peu
profonde de la plateforme franklinienne, inférées par une modélisation des bassins régionaux, plus de 500 zircons détritiques
des lits Nesmith et de la Formation de Grant Land ont été analysés pour la provenance des sédiments; les méthodes utilisées
comprennent l'ablation laser-spectrométrie de masse à source à plasma inductif (LA–ICP–MS) et les microanalyses ioniques
(SIMS). Des échantillons des lits Nesmith et de la Formation de Grant Land sont caractérisés par des distributions d'âge de zircons
détritiques de 1000–1300, 1600–2000 et 2500–2800 Ma; ils proviendraient d'assemblages de roches du craton laurentien. Combi-
nées aux contraintes stratigraphiques régionales, ces données supportent un modèle de paléodrainage, de l'Édiacarien au
Cambrien, lequel montre les lits Nesmith et la Formation de Grand comme étant les parties marines au large d'un réseau de
déposition, de direction nord à nord-est. Les corrélations proposées entre les lits Nesmith et les unités édiacariennes de
plateforme du nord du Groenland concordent avec les nouveaux résultats sur les zircons détritiques. Les corrélations
stratigraphiques cambriennes à l'intérieur de l'île d'Ellesmere sont facultatives, mais elles demandent plus d'études puisque les
signatures de provenance de la Formation de Grant Land concordent avec un système sédimentaire de troisième ordre qui a été
homogénéisé par les courants littoraux ou les processus d'écoulement gravitaire, alors que les strates contemporaines d'eau peu
profonde ont donné une plage restreinte d'âges des zircons détritiques, impliquant une provenance de drainage local ou d'unités
rocheuses sous-jacentes. Les signatures des zircons détritiques de la bordure passive franklinienne ressemblent à celles des
bordures passives de la Cordillère et des Appalaches de la Laurentie, ce qui démontre le recyclage étendu des assemblages de
roches de l'Amérique du Nord, après la distension continentale au Néoprotérozoïque et le fractionnement du supercontinent
Rodina. [Traduit par la Rédaction]

Introduction
The Franklinian basin of the Canadian Arctic Islands and north-

ern Greenland comprises an integral part of the Franklinian pas-
sive margin sequence that was deposited along the northern edge
of Laurentia after continental rifting and breakup of superconti-
nent Rodinia (Figs. 1A, 1B; Dewing et al. 2004; Bradley 2008; Cocks

and Torsvik 2011). Although the timing of Franklinian passive
margin formation is most probably related to the eruption of
c. 720 Ma continental flood basalts and intrusion of related dyke
swarms (Heaman et al. 1992; Pehrsson and Buchan 1999; Denyszyn
et al. 2009; Bédard et al. 2012), a complete understanding of
Franklinian basin evolution is hampered by the lack of exposed
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Neoproterozoic rift successions in the Canadian Arctic Islands
(Harrison 1995; Dewing et al. 2004). The early depositional history
of the Franklinian basin is instead recorded by enigmatic succes-
sions of Ediacaran to Cambrian clastic strata that crop out across
the eastern Canadian Arctic Islands and adjacent northern
Greenland. Lower Paleozoic marine facies of the Franklinian ba-
sin that overlie these clastic successions were deposited within a
north-facing (modern coordinates) shallow-water platform and
associated deep-water trough along much of the length of north-
ern Canada and Greenland (Trettin et al. 1991; Henriksen and
Higgins 2000).

The Nesmith beds and Grant Land Formation comprise deep-
watermarine strata that form the exposed base of the Franklinian
basin in northern Ellesmere Island, Nunavut (Trettin 1994). North
of Lake Hazen (Figs. 2A, 2B), these units mostly consist of com-
plexly deformed and unfossiliferous strata of uncertain prove-
nance and precise depositional age. Dewing et al. (2004, 2008)
brought recent attention to the regional significance of these
deformed successions and argued for the Nesmith beds to be
the deep-water equivalents of unfossiliferous, Ediacaran shallow-
water strata of the Ella Bay Formation of Ellesmere Island and
correlative with the Portfjeld and Paradisfjeld formations of
northern Greenland (Fig. 3). Dewing et al. (2004, 2008) further
suggested that the Grant Land Formation is the deep-water equiv-
alent of Lower Cambrian shallow-water strata of the Archer Fiord
and other formations of Ellesmere Island and correlative with
the Buen and Polkorridoren formations of northern Greenland
(Fig. 3). More regionally, Dewing et al. (2004, 2008) correlated all of
these strata with seismic units of the central Arctic Islands and
well-studied post-rift successions in the Mackenzie Mountains of
northwestern Canada (Fig. 3).

Detrital zircon provenance analysis is an effective method for
deciphering the source and paleogeography of sedimentary ba-
sins, the maximum depositional age of unfossiliferous clastic
strata, and the regional correlation of enigmatic sedimentary
units (e.g., Pell et al. 1997; Mahoney et al. 1999; Sircombe 1999;
Berry et al. 2001; Cawood et al. 2003, 2007, 2012; Fedo et al. 2003;
Ross and Villeneuve 2003; Link et al. 2005; Dickinson and Gehrels
2009; Dehler et al. 2010; Bingen et al. 2011; Gehrels 2012; Rainbird
et al. 2012; Beranek et al. 2013). Detrital zircon provenance analy-
sis has proven to be particularly valuable for characterizing

Ediacaran to Cambrian strata in remote and complex areas of the
Arctic (Bradley et al. 2007; Lorenz et al. 2008; Amato et al. 2009;
Pease and Scott 2009; Kuznetsov et al. 2010; Miller et al. 2011),
including Franklinian shallow-water rocks in Greenland (Kirkland
et al. 2009) and Ellesmere Island (Anfinson et al. 2012). In an at-
tempt to better constrain the Ediacaran to Cambrian geology of
the Franklinian basin, we sampled outcrops of the Nesmith beds
and Grant Land Formation near Lake Hazen for detrital zircon
U–Pb geochronology. The objectives of this article are to (i) define
the characteristic detrital zircon age distributions of the Nesmith
beds and Grant Land Formation, (ii) test regional correlations be-
tween these strata and their proposed shallow-water equivalents
in Ellesmere Island and Greenland, and (iii) incorporate the data
into the Ediacaran to Cambrian framework of Laurentia.

Ediacaran–Cambrian geology of the Lake Hazen
region

Nesmith beds
Trettin (1994) defined the Nesmith beds as an informal unit of

complexly deformed, unfossiliferous, resedimented limestone
and siliciclasticmarine rocks of uncertain stratigraphic thickness.
The Nesmith beds are rarely exposed and only crop out north of
Lake Hazen and near Cape Cresswell on the Lincoln Sea (Figs. 2A,
2B). Trettin (1994) reported that the depositional contact with the
overlying Grant Land Formation is gradational and conformable.
Based on the observed contact relationships between the Ella Bay
and overlying formations within the shallow-water platform of
Ellesmere Island, Dewing et al. (2004, 2008) more recently in-
ferred that the Grant Land Formation sits unconformably on the
Nesmith beds (Fig. 3). Although the base of the Nesmith beds is
concealed, seismic reflection profiles of the subsurface in the cen-
tral Arctic Islands suggest that Laurentian crystalline basement
and its Proterozoic supracrustal cover underlie the Franklinian
basin (Kanasewich and Berkes 1990; Harrison 1995).

Outcrops of the Nesmith beds examined during our field stud-
ies along the banks of the Gilman River, �30 km northeast of
Hazen Camp (Fig. 2B), are characterized by subvertical and
strongly folded exposures of massive to parallel-laminated lime-
stone, sandy limestone, quartz sandstone, and shale (Figs. 4A–4D).
Graded bedding is observed in some of the sandy limestone and

Fig. 1. (A) Generalized distribution of Franklinian basin strata, Ediacaran to Cambrian sediment dispersal patterns, and Phanerozoic
mountain belts of northern North America. PO, Portfjeld Formation detrital zircon sample of Kirkland et al. (2009); MM, Mackenzie
Mountains; VI, Victoria Island detrital zircon samples of Hadlari et al. (2012). (B) Cambrian plate reconstruction of Laurentia and surrounding
landmasses based on data in Cocks and Torsvik (2005, 2007, 2011), Pisarevsky et al. (2008), and van Staal et al. (2011).
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quartz sandstone units along the Gilman River (Fig. 4C). Trettin
(1994) interpreted similar-looking rock types in the Henrietta
Nesmith Glacier area to represent Ta-c turbidite divisions of the
Bouma sequence. In that area, Nesmith beds sandstones typically
yield detrital compositions with 40%–50% calcite, 30%–40% quartz,
and <10% each of muscovite, feldspar, and chlorite (Trettin 1994).
Conglomerate units exposed near Henrietta Nesmith Glacier
contain limestone lithic fragments that are likely derived from
carbonate rocks (grainstone, boundstone, stromatolite) of the Ella
Bay Formation (Dewing et al. 2008). The Nesmith beds were depos-

ited below the shelf edge in amid-fan environment or lower-slope
setting (Trettin 1994).

Grant Land Formation
The Grant Land Formation is extensively exposed in northern

Ellesmere and Axel Heiberg islands (Fig. 2A) and comprises >1.5 km
of complexly deformed siliciclastic strata that overlie the Nesmith
beds (Trettin 1994). Although the precise depositional age of the
Grant Land Formation is uncertain, occurrences of the trace fossil
Oldhamia near Tanquary Fiord (TF in Fig. 2A) imply that it contains

Fig. 2. (A) Location map showing the distribution of Ediacaran to Cambrian stratigraphic units in northern Ellesmere and Axel Heiberg
islands modified from work by Trettin et al. (1991). AF, Archer Fiord Formation sample of Anfinson et al. (2012); CC, Cape Cresswell;
KC, Kennedy Channel Formation sample of Anfinson et al. (2012); TF, Tanquary Fiord area that yields Oldhamia. (B) Location map for detrital
zircon samples (white circles) collected from the Gilman and Snow Goose River areas. HC, Hazen Camp.
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Lower Cambrian strata (Hofmann et al. 1994). The depositional
contact with the overlying Hazen Formation is sharp, and Trettin
(1994) suggested that it indicates a submarine disconformity.

Outcrops of the Grant Land Formation examined during our
field studies along the banks of the Gilman River, and SnowGoose
River behind Hazen Camp (Fig. 2B), are characterized by strongly
folded exposures of massive to parallel- to ripple cross-laminated
sandstone and shale (Figs. 5A, 5B). Lenses of granule to pebble
conglomerate within shallow scours (Figs. 5C, 5D) and slump
structures (Fig. 5E) suggest that someGrant Land Formation strata
were deposited by the movement of unconsolidated to semicon-
solidated sediment under the influence of gravity. Bioturbation is
indicated by burrows of uncertain ichnofacies in some sandstone
units along the banks of the SnowGoose River (Fig. 5F). Analogous
rock successions near Henrietta Nesmith Glacier led Trettin (1994)
to divide the Grant Land Formation into three informalmembers:
(i) a lower member with >100 m of massive to parallel-laminated
sandstone and shale units that form abundant Bouma sequences;
(ii) a middle member with >1300 km of sandstone, conglomerate,
and shale units that were probably deposited as gravity flows; and

(iii) an upper member with >200 m of greenish-grey to purple
shale and massive sandstone units that may be related to marine
transgression. Grant Land Formation sandstone in the Henrietta
NesmithGlacier area ismostly composed of quartz (60%), silt-sized
matrix (20%), plagioclase feldspar (15%), potassium feldspar (5%),
and trace amounts ofmuscovite, biotite, chlorite, tourmaline, and
zircon (Trettin 1994).

Materials and methods

Rock samples and preparation
Six samples collected from the banks of the Gilman and Snow

Goose rivers (Fig. 2B) were analyzed for detrital zircon U–Pb geo-
chronology (supplementary data tables S1 and S2)1. The suite in-
cludes one sample of the Nesmith beds (VP09-57) and five samples
of the Grant Land Formation (VP09-12, -17, -54, -59, -69). The rela-
tive stratigraphic positions of samples within the structurally
complex Grant Land Formation are unclear; however, regional
structural data imply that rocks along the banks of the Gilman

1Supplementary data are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/cjes-2013-0026.

Fig. 4. Field photographs of the Nesmith beds in the Gilman River area. (A) Nesmith beds outcrop at the snout of the Gilman Glacier. Field of
view is �75 m. (B) Subvertical, strongly folded exposures of massive to parallel-laminated limestone, sandy limestone, sandstone, and shale.
Field of view is �15 m. (C) Fining-upward succession of quartz sandstone. (D) Interbedded limestone and calcareous sandstone units at the
VP09-57 sample site. Hammer for scale.
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Fig. 5. Field photographs of the Grant Land Formation. (A) Subvertical, strongly folded exposures of interbedded quartz sandstone and shale
along the Gilman River. Field of view is 100 cm. (B) Current ripple cross-lamination sandstone unit along the Gilman River. Field of view is
10 cm. (C) Pebble to cobble conglomerate near VP09-54 sample site along the Snow Goose River. Hammer for scale. (D) Scoured channel of
massive granule to pebble conglomerate within sandstone along the Gilman River. Hammer for scale. (E) Slump structures of shale and
sandstone along the Snow Goose River. Pen for scale. (F) Burrowed sandstone in the Snow Goose River area. Pen for scale.
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and Snow Goose rivers decrease in stratigraphic age to the south-
east.

Zircon crystals were separated from rock samples, handpicked
onto double-sided tape, and mounted in epoxy. After polishing to
expose the interior of the crystals, cathodoluminescence (CL) im-
aging of the mounts using a Hitachi S4300 scanning electron mi-
croscope was completed at the Swedish Museum of Natural
History, Stockholm. CL images were used to locate homogeneous
regions in the zircons and to avoid complex internal structures,
cracks, and zones of potential Pb loss.

SIMS
Samples VP09-12, -17, and -69 were analyzed by secondary ion

mass spectrometry (SIMS) at the NordSIMS facility, Swedish
Museum of Natural History. The analyses were made using a
CAMECA IMS 1280 ion-microprobe following the standardized
procedures of Whitehouse et al. (1999) and Whitehouse and
Kamber (2005). A 20 �m spot size was used. U–Pb ages were cali-
brated relative to the 1065 Ma zircon standard 91500 (Wiedenbeck
et al. 1995). Common Pb corrections for zircons <1200 Ma were
made via the 207-correction method (Ludwig 2003) using mea-
sured 238Pb/206Pb and 207Pb/206Pb ratios.

LA–ICP–MS
Samples VP09-54, -57, and -59 were analyzed by laser ablation –

inductively coupled plasma – mass spectrometry (LA–ICP–MS) at
the Department of Geological Sciences, Stockholm University.
The analyses involved the ablation of zircon with a New Wave
UP-213 frequency-quintupled solid-state Nd:YAG laser using a spot
diameter of 40 �m, laser fluence of 7.5 J/cm2, and a pulse rate of
10 Hz. The ablated material was transported by helium carrier gas
into the plasma source of a Thermo Scientific XSeries-2 single-
collector quadrupole ICP–MS. Total acquisition time for a single
analysis was 130 s, which included 50 s gas blank measurement
followed by laser ablation for 30 s and washout for 50 s. A laser
warm-up time of 15–20 min was applied prior to operation to
ensure stable laser energy output. The ICP–MS was optimized for
dry plasma conditions prior to each analytical session in continu-
ous linear ablation mode on National Institute of Standards and
Technology Standard Reference Material (NIST SRM) 610 or
612 glass standards by maximizing the signal-to-noise ratios for
the heavymass range of interest (from 200Hg to 238U), emphasizing
238U and 208Pb, while opting for low element-oxide production
levels by minimizing the 248ThO/232Th ratio.

Time-integrated signals were analyzed offline using Iolite soft-
ware (Hellstrom et al. 2008; Paton et al. 2010). Age calculations in
Iolite were made using the VizualAge DRS (data reduction
scheme) routine of Petrus and Kamber (2012). The VizualAge DRS
includes Iolite's correction routine for down-hole isotopic frac-
tionation and provides routines for data that may require correc-
tion for common Pb, calculated through measured mass 204
(204Pb + 204Hg) or the approach described by Andersen (2002).
Corrections for instrument mass bias were made by bracketing
analyses of unknown grains with replicate analyses of the 337 Ma
zircon standard Plešovice (Sláma et al. 2008). A typical analytical
session consisted of five analyses of the standard zircon, followed
by 5–10 analyses of unknown zircons, two standard analyses, etc.,
and finally five standard analyses.

Data presentation and evaluation
Detrital zircon U–Pb age results are presented in relative prob-

ability plots with stacked histograms (Figs. 6A–6F) made with the
Isoplot 3.0 Excel macro of Ludwig (2003). Analyses with high error
(>10% uncertainty in 206Pb/238U or 206Pb/207Pb age) or excessive
discordance (>10% discordant or >5% reverse discordant) were re-
jected and not included in the relative probability plots.

Comparison of detrital zircon ages between samples was ac-
complished by qualitative evaluation of probability plots andwith

the Kolmogorov–Smirnov (K–S) two-sample test macro of Guynn
and Gehrels (2010). The K–S test is a nonparametric statistical
method that returns a probability value (P) for two samples being
drawn from the same population (Massey 1951; DeGraaff-Surpless
et al. 2003). P values >0.05 indicate that the null hypothesis cannot
be rejected based on the sampled distributions. The P value is
sensitive to the number of analyses included for each sample
(Guynn and Gehrels 2010), and we note that the number of anal-
yses in the Nesmith beds and Grant Land Formation samples are
similar.

Detrital zircon age results

Nesmith beds
Sample VP09-57 is a coarse-grained, moderately sorted, calcare-

ous sandstone collected near the snout of the Gilman Glacier
(Figs. 2B, 4D). CL images show that most zircons have rounded to
subrounded morphologies and oscillatory zoning typical of mag-
matic grains. Paleoproterozoic ages from 1600 to 2000 Ma com-
prise 61% of the zircons in this sample (Fig. 6A). The dominant
probability age peaks in this range occur at 1851 and 1922 Ma. Late
Mesoproterozoic (1000–1200 Ma) and Archean (2500–3000 Ma)
zircons form 5% and 21% of the sample, respectively. The three
youngest zircons in the sample yield ages of 1005 ± 19, 1097 ± 25,
and 1151 ± 34 Ma.

Grant Land Formation
Two samples of the Grant Land Formation were collected from

outcrops along the Gilman River (Fig. 2B). Sample VP09-59 is a
coarse-grained, moderately sorted, quartz sandstone, and sample
VP09-69 is a medium- to coarse-grained, cross-laminated, poorly
sorted, quartz sandstone. CL images indicate that most zircons
have rounded to subrounded morphologies and internal zoning
characteristics that resemble those of the Nesmith beds sample.
The dominant age distributions in these sandstones occur at
1700–2000 and 2500–2800 Ma (Figs. 6B, 6C), with probability age
peaks of 1841 and 2702 Ma in sample VP09-59 and 1837 and 2705 Ma
in sample VP09-69. The diffuse 1000–1500 Ma distribution ob-
served in both samples forms probability age peaks around 1080,
1160, 1250, 1440, and 1505 Ma. The three youngest zircons in
VP09-59 are 989 ± 30, 1086 ± 53, and 1093 ± 53 Ma; the three
youngest zircons in VP09-69 are 940 ± 7, 1040 ± 7, and 1052 ± 5 Ma.

Three samples of the Grant Land Formation were collected
along the banks of the Snow Goose River (Fig. 2B). Sample VP09-17
is a coarse-grained, lithic sandstone to monomictic (quartz sand-
stone rock fragments), matrix-supported, granule conglomerate.
This sample displays a probability age peak at 1841 Ma (Fig. 6D)
and contains the highest percentage of Archean zircons in the
rock suite (42% of the sample). The three youngest zircons in
VP09-17 are 1033 ± 7, 1154 ± 7, and 1155 ± 7 Ma. Sample VP09-12 is a
coarse-grained, poorly sorted, quartz sandstone. Detrital zircon
ages of this sample are divided into three subequal groups at
1000–1400Ma (28%), 1830–1900Ma (30%), and 2500–2900Ma (27%);
the dominant age peaks in each of these groups occur at 1097,
1848, and 2702 Ma (Fig. 6E). The three youngest zircons in VP09-12
are 1009 ± 7, 1016 ± 7, and 1038 ± 7 Ma. Sample VP09-54 is a poorly
sorted, polymictic (sedimentary and plutonic rock fragments),
matrix-supported, granule to pebble conglomerate (Fig. 4C). Sam-
ple VP09-54 has a near-continuous distribution of 1700–2800 Ma
zircons (Fig. 6F), with probability age peaks at 1848 and 2657 Ma.
The three youngest zircons in VP09-54 are 1075 ± 56, 1086 ± 86, and
1274 ± 30 Ma.

Statistical comparisons
The Nesmith beds and Grant Land Formation samples exhibit a

consistent range of detrital zircon ages and probability age peaks.
K–S test results confirm the reproducibility of these age signa-
tures and indicate that most samples of this study are not statis-
tically different fromone another (Table 1). Seventy-five percent of
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the K–S test results yield P values >0.05, with good correlation
between samples analyzed by SIMS and LA–ICP–MS methods.

Discussion

Detrital zircon age distributions and sediment provenance
The framework mineralogy, lithology of conglomerate rock

fragments, and depositional characteristics of the Nesmith beds
and Grant Land Formation suggest that deep-water strata in the
Lake Hazen region were sourced by gravity flows with origins
from an adjacent continental shelf (Trettin 1994). The new detrital
zircon results from the Nesmith beds and Grant Land Formation
further strengthen this depositional scenario and argue for their

Fig. 6. Probability density distribution histogram plots of detrital zircons from the Nesmith beds and Grant Land Formation. Interpreted ages
for zircons younger and older than 1200 Ma are based on calculated 206Pb/238U ages and 207Pb/206Pb ages, respectively. Sample locations are
illustrated in Fig. 2B. (A–C) Nesmith beds and Grant Land Formation samples from the Gilman River area. (D–F) Grant Land Formation samples
from the Snow Goose River area. n, number of analyses.
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Table 1. Kolmogorov–Smirnov test P values for the Nesmith beds and
Grant Land Formation samples using error in the cumulative distribu-
tion function.

LA–ICP–MS SIMS

VP09-57 VP09-54 VP09-59 VP09-17 VP09-12 VP09-69

VP09-57 — 0.094 0.269 0.003 0.054 0.057
VP09-54 0.094 — 0.091 0.349 0.043 0.053
VP09-59 0.269 0.091 — 0.016 0.554 0.835
VP09-17 0.003 0.349 0.016 — 0.050 0.044
VP09-12 0.054 0.043 0.554 0.050 — 0.969
VP09-69 0.057 0.053 0.835 0.044 0.969 —
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prominentMesoproterozoic, late Paleoproterozoic, and Neoarchean
age distributions to indicate provenance from Laurentian
basement units and their supracrustal derivatives in northern
Canada. Using the basin-scale terminology of Ingersoll (1990) and
Ingersoll et al. (1993), the Nesmith beds and Grant Land Formation
strata have uniform provenance signatures that are typical of
third-order sedimentary systems, such as those expected for tur-
bidite fans and well-mixed continental margin environments
(cf. DeGraaff-Surpless et al. 2003).

The Precambrian domains of the Laurentian craton comprise
Archean cores flanked by Proterozoic arcs and accreted crust
(Fig. 7). Potential Neoarchean crystalline sources for the Nesmith
beds and Grant Land Formation include the Nagssugtoqidian oro-
gen of west Greenland (Whitehouse et al. 1998) and the Churchill
(Rae and Hearne) and Slave provinces of the Canadian Shield
(Hanmer et al. 2004). Late Paleoproterozoic zircons that dominate
the samples were probably derived from magmatic rocks associ-
ated with the Taltson–Thelon and Trans-Hudson tectonic zones
(Hoffman 1988; St. Onge et al. 2009), such as those that crop out
within the Ellesmere–Inglefield mobile belt (Nutman et al. 2008)
and Prøven igneous complex (Thrane et al. 2005) of northwest
Greenland and the Cumberland batholith in the eastern Canadian
Arctic Islands (Whalen et al. 2010). The broad spectrum of Meso-
proterozoic detrital zircons in the Nesmith beds and Grant Land
Formation strata compares favorably with the ages of rock suites
in the Grenville Province of eastern Laurentia, especially those of
the Pinware terrane in Atlantic Canada (Heaman et al. 2004; PW in
Fig. 7). Mesoproterozoic zircons likely represent recycled grains
that were deposited across northern Laurentia by pan-continental
river systems draining the Grenville orogen (Rainbird et al. 1992,
1997, 2012).

Implications for Ediacaran stratigraphic correlations
The structural complexity and unfossiliferous nature of Ediac-

aran rocks in the Canadian Arctic Islands and northern Greenland
have made regional stratigraphic correlations within the Franklin-
ian basin difficult. Trettin (1994) and Dewing et al. (2004, 2008)
proposed that limestone rock fragments and resedimented car-
bonate within the Nesmith beds imply stratigraphic connections
with grainstone, boundstone, and stromatolite units of the adja-
cent Franklinian shelf, and, more broadly, the Ediacaran carbon-
ate platform of northern Laurentia exposed in the Mackenzie
Mountains (Risky Formation), Ellesmere Island (Ella Bay and
Kennedy Channel formations), and northern Greenland (Portfjeld
Formation) (Fig. 3). The abundance of stromatolites in the platfor-
mal units and presence of helically coiled cyanobacteria in the
Portfjeld Formation suggest a late Neoproterozoic depositional
age (Dewing et al. 2008).

The potential for resolving Ediacaran stratigraphic connections
along the Franklinian margin is now improved by comparing the
detrital zircon signatures of the Nesmith beds with existing data
from the Portfjeld Formation (Kirkland et al. 2009) and Kennedy
Channel Formation (Anfinson et al. 2012) (see sample locations in
Figs. 1A and 2A). The major discovery of the provenance compar-
ison is that the Kennedy Channel Formation (Fig. 8A), which un-
derlies the Ella Bay Formation, lacks 1000–1750 Ma zircon ages
that form important distributions in other Ediacaran strata
(Figs. 8B, 8C). To explain the absence of these Mesoproterozoic to
late Paleoproterozoic zircons, Anfinson et al. (2012) suggested that
the Kennedy Channel Formation was part of a northwest-directed
depositional system that drained 1750–2800 Ma crystalline rocks
in northwestern Greenland. Because of the consistent north- to
northeast-directed paleocurrent indicators observed in Ediacaran

Fig. 7. Precambrian basement domains of the Laurentian craton (Hoffman 1988) modified from work by Ross and Villeneuve (2003), Cawood
et al. (2007), and Piercey and Colpron (2009). Detrital zircon distributions for Neoproterozoic to Cambrian continental margin strata are
shown in columns listed A–E. (A) Results from this study. (B) Franklinian basin detrital zircon reference frame (this study; Kirkland et al. 2009;
Anfinson et al. 2012; Hadlari et al. 2012). (C) Appalachian margin reference frame (Cawood and Nemchin 2001). (D) Cordilleran margin
reference frame (Gehrels and Ross 1998; Stewart et al. 2001). (E) Mackenzie Mountains (Rainbird et al. 1992, 1997; Hadlari et al. 2012). Detrital
zircon distributions are coded to the patterns in the Laurentian basement map. BH, Buffalo Head terrane; CB, Cumberland batholith; FS, Fort
Simpson magmatic arc; GB, Great Bear magmatic arc; H, Hottah terrane; PW, Pinware terrane.
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and older strata of northern Greenland (Kirkland et al. 2009;
Fig. 1A), Anfinson et al. (2012) further inferred the presence of a
paleodrainage divide between northern Greenland and northeast
Ellesmere Island. The detrital zircon results of the Lake Hazen
region do not make a compelling argument for such a paleodrain-
age divide, and instead we consider the Nesmith beds, Portfjeld
Formation, and Ella Bay Formation to be correlative and together
part of a north- to northeast-directed depositional network along
the Franklinian margin.

The regional significance of the Anfinson et al. (2012) sample
is uncertain; however, Cryogenian (Morænsø Formation) and
Mesoproterozoic (Inuiteq Sø Formation) strata that underlie the

Portfjeld Formation notably contain 1000–1750 Ma detrital zir-
cons (Kirkland et al. 2009) that are apparently missing from the
Kennedy Channel Formation. These data imply that the Kennedy
Channel Formation signature is not typical of a third-order
sedimentary system along northern Laurentia and that some
Franklinian shallow-water strata were derived from local drain-
age areas or from underlying rock units lacking 1000–1750 Ma
detrital zircons. In this scenario, the third-order detrital zircon
signature of the Nesmith beds likely suggests initial deposition
along the Franklinian shelf and later homogenization by long-
shore current (margin-parallel) processes in a shallow-water envi-
ronment or by gravity flows in a deep-water environment.

Fig. 8. Probability density distribution histogram plots of detrital zircons from Ediacaran to Cambrian strata of the Franklinian basin.
(A) Kennedy Channel Formation analyzed by Anfinson et al. (2012). (B) Nesmith beds (this study). (C) Portfjeld Formation analyzed by Kirkland et al.
(2009). (D) Archer Fiord Formation analyzed by Anfinson et al. (2012). (E) Grant Land Formation composite (this study). (F) Cambrian strata of
Victoria Island, Northwest Territories (Hadlari et al. 2012).
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Implications for Cambrian stratigraphic correlations
Trettin (1994) and Dewing et al. (2008) argued for the geological

characteristics of the Grant Land Formation to indicate strati-
graphic continuity with the latest Ediacaran to Cambrian silici-
clastic influx widely recognized in the Mackenzie Mountains
(Ingta Formation), Ellesmere Island (Archer Fiord and other
formations), and northern Greenland (Buen Formation) (Fig. 3).
The presence of Oldhamia trace fossils in the Grant Land Forma-
tion, and Nevadella Zone trilobites in the Buen Formation, are
consistent with an earliest Cambrian depositional age (Dewing
et al. 2008). Lower Cambrian Bonnia–Olenellus Zone trilobites are
observed in the overlying Scoresby Bay and Hazen formations
(Fig. 3) (Dewing et al. 2008).

Provenance connections between the Grant Land Formation
and shallow-water strata of Ellesmere Island are testable through
comparisons with existing data from the Lower Cambrian Archer
Fiord Formation (Anfinson et al. 2012; see sample location in
Fig. 2A). Similar to their Kennedy Channel Formation signature,
the Archer Fiord Formation sample (Fig. 8D) of Anfinson et al.
(2012) lacks 1000–1750Ma detrital zircons that form important age
distributions in the Grant Land Formation (Fig. 8E). At the
Franklinian margin scale, the Grant Land Formation age distribu-
tions reproduce the Laurentian detrital zircon signatures of
Cambrian shallow-water on Victoria Island (VI in Fig. 1A; Fig. 8F)
defined by Hadlari et al. (2012). Despite evidence for northeast-
directed paleocurrent indicators in the Cambrian Dallas Bugt
Formation of northern Ellesmere Island (Mayr and de Freitas
2008), Anfinson et al. (2012) considered the provenance of the
Archer Fiord Formation to be analogous to the Kennedy Channel
Formation and part of a northwest-directed depositional system
that drained Paleoproterozoic to Archean crystalline rocks in
northwestern Greenland. Using the depositional constraints de-
fined by Trettin (1994) and Dewing et al. (2004, 2008), and our
paleodrainage model for the Nesmith beds discussed in the pre-
ceding text, we favour the Grant Land Formation to have formed
the offshore marine parts of a north- or northeast-directed depo-
sitional network and correlative with upper Ediacaran to Lower
Cambrian strata in Ellesmere Island and northern Greenland.

The detrital zircon age distributions of the Archer Fiord Forma-
tion are not considered to be representative of a third-order
sedimentary system along the northern Laurentian margin. The
Archer Fiord Formation sample of Anfinson et al. (2012) was most
probably derived from local drainage areas or from the recycling
of underlying rock units lacking 1000–1750 Ma detrital zircons,
such as the Kennedy Channel Formation. The third-order detrital
zircon signature of the Grant Land Formation agrees with initial
deposition along the Franklinian shelf and later homogenization
by longshore current processes in a shallow-water environment
or by gravity flows in a deep-water environment.

Ediacaran to Cambrian framework of Laurentia
The provenance records of the Nesmith beds and Grant Land

Formation (Fig. 7A) not only reveal important new insights on
the detrital zircon signatures of the Franklinian passive margin
(Fig. 7B) but also deliver a more complete model for the sources of
Ediacaran to Cambrian continental margin strata that were de-
posited around the edges of Laurentia. Representative age spectra
for the Appalachian margin of eastern Laurentia in Newfoundland
(Fig. 7C) and Cordilleran margin of western Laurentia (Fig. 7D) indi-
cate that their Ediacaran to Cambrian continental margin strata
primarily yield Mesoproterozoic to Neoarchean detrital zircon
populations comparable to those of the Franklinian basin. Pro-
terozoic to Lower Cambrian intracratonic and continentalmargin
strata of theMackenzieMountains (Fig. 7E) reproducemany of the
detrital zircon ages of the Franklinian basin and Appalachian
margin, but in different proportions. The Mackenzie Mountains
signature records the Cambrian recycling of underlying Neopro-
terozoic sandstones (Hadlari et al. 2012) and is characterized by

1000–1650Ma detrital zirconswith Grenville Province provenance
(Rainbird et al. 1992, 1997, 2012).

Modern and ancient passive margin systems are dominated by
detrital zircon ages that aremuch older than the time of sediment
accumulation (e.g., Cawood and Nemchin 2001; Cawood et al.
2012). Our results support these global observations because the
maximum depositional ages of most Franklinian margin strata
(Figs. 8A–8F), as defined by 940–1000 Ma detrital zircons, are
>400 million years older than their inferred depositional ages.
Using a rationale in which the detrital zircon record is directly
related to tectonic setting (see Cawood et al. 2012), these Ediacaran
to Lower Cambrian strata were most probably deposited in an
established passive margin system with little to no syndeposi-
tional magmatism. This model argues for marine strata at the
exposed base of the Franklinian margin in northern Ellesmere
Island to comprise part of a post-rift or drift-related sedimentary
succession along northern Laurentia.

The c. 1200, 1800, and 2700 Ma detrital zircon populations that
characterize the Laurentian continental margin systems mimic
those of other paleocontinents and together correspond to the
timing of continental growth and the ages of inferred supercon-
tinent assembly (e.g., Condie et al. 2009). The Franklinian basin
data therefore support the hypothesis for a bias in the sedimen-
tary record towards episodic growth of the continental crust (cf.,
Armstrong and Harmon 1981; Hawkesworth et al. 2009; Lancaster
et al. 2011). In a Laurentian geodynamic framework, this bias was
established by the recycling of Precambrian basement rocks into
continental margin rift basins during the late Neoproterozoic
breakup of supercontinent Rodinia.

Conclusions
Ediacaran to Cambrian deep-water strata of the Nesmith beds

and Grant Land Formation are characterized by Mesoproterozoic
to Neoarchean detrital zircon age distributions that define prov-
enance from northern Laurentian basement rocks and their
supracrustal derivatives. These detrital zircon age distributions
reinterpret the Ediacaran to Cambrian paleogeography of north-
ern Ellesmere Island and support the Nesmith beds and Grant
Land Formation to have formed the offshore marine parts of
a north- to northeast-directed depositional network. Proposed
stratigraphic correlations between Ediacaran units of the Lake
Hazen region and northern Greenland are consistent with the
analogous detrital zircon age distributions of the Nesmith beds
and Portfjeld Formation, respectively. Cambrian stratigraphic
correlations within the Franklinian basin of northern Ellesmere
Island require further investigation because the detrital zircon
signatures of deep-water strata agree with a third-order sedimen-
tary system that has been homogenized by longshore current or
gravity-flow processes, whereas shallow-water strata yield a re-
stricted range of detrital zircon ages that imply sources from local
drainage areas or underlying rock units. The Ediacaran to Cam-
brian detrital zircon signatures of the Franklinian basin closely
resemble those of the Cordilleran and Appalachian passive mar-
gin sequences of western and eastern Laurentia, which demon-
strates the widespread recycling of basement and cover rock
assemblages after late Neoproterozoic continental rifting and
breakup of supercontinent Rodinia.
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