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Abstract

Correlations across the once-contiguous North Atlantic region remain challenging, particularly for
pre-Caledonian packages. Here, we present new zircon U-Pb and Hf isotope data from five
metasedimentary samples and three granites from East Greenland to assess the age and provenance of
Meso- to Neoproterozoic successions in this area, and to evaluate their correlatives across the North
Atlantic region. Detrital zircon U-Pb data yield maximum depositional ages of 936 = 15 Ma (20) that
indicate the metasedimentary rocks are probably a component of the Neoproterozoic Nathorst Land
Group (lower Eleonore Bay Supergroup). Intruding granites are exclusively of Caledonian age at 426
+ 1 Ma (20) and contain a significant xenocrystic cargo with comparable ages to detrital zircon in the
host metasedimentary sequences. Detrital zircon age components are concentrated between ca. 1850
and 920 Ma, with prominent peaks at ca. 1620 Ma, 1450 Ma and 1080 Ma, and additional
subcomponents at 2900—2600 Ma (~4%) and 2030-1940 Ma (~2%). Provenance of this detritus is
probably from the East Laurentian margin via axial drainage to East Greenland. Statistical analyses of
a newly-compiled circum-Atlantic detrital zircon dataset corroborates a model in which sedimentation
occurred in three distinct megasequences: (1) 1020-950 Ma, as a response to the opening of the
Asgard Sea that followed Laurentia—Baltica collision, (2) 920-840 Ma, recording the onset of further
rifting of the North Atlantic and attempted breakup of Rodinia, and (3) 740-635 Ma, concomitant
with the breakup of Rodinia and ending with the Marinoan glaciation. The first two megasequences
show strong U-Pb and eHf similarities in both space and time across the North Atlantic. However,
there is a significant increase in detrital zircon disparity between the second and third megasequences,
which we propose is associated with increased compartmentalization of depocentres with localized

supply and distinct sediment routing pathways during continental breakup.
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1 INTRODUCTION

The North Atlantic region records repeated continental breakup and amalgamation across at least two
Wilson cycles from the Mesoproterozoic to Cenozoic (Buiter and Torsvik, 2014; Cawood et al., 2016;
Gee et al., 2013; Holbrook et al., 2001). In spite of the importance of the North Atlantic region for an
understanding of supercontinent tectonics and global geodynamics (Lancaster et al., 2011; Spencer et
al., 2015), many areas and time periods remain poorly studied (Fig. 1). Adding to this challenge is the
fact that many exposures across the now rifted eastern Laurentian and western Baltican continents are
in remote locations, including East Greenland, the Canadian and Norwegian High Arctic, and
Svalbard (Fig. 1, Table 1). Although more work has been undertaken in Scotland, Ireland and
southern to central Scandinavia (Fig. 1, Table 1), insufficient studies on the aforementioned remote
locations hinder a comprehensive understanding of the geological history. Another obstacle to
understanding the pre-Caledonian geological history of the North Atlantic region is the extensive
tectono-magmatic modification of the earlier Precambrian lithotectonic sequences during post-
depositional orogenesis (e.g., Cawood et al., 2004; Kirkland et al., 2008a; Pettersson et al., 2009a;
Slama et al., 2011). One mechanism to address this potentially cryptic overprinting is to evaluate
those sequences where this tectonic complexity can, at least, be well seen in the field. Hence, it is
these remote Precambrian regions — which offer some of the best field exposures in the North Atlantic
— that can offer some answers to Wilson cycle tectonics, sedimentary routing systems and plate

configurations in the Meso- and Neoproterozoic.

Of the main Proterozoic regions exposed across the circum-North Atlantic region, the East Greenland
sequence is perhaps one of the least well understood (Figs. 1, 2). The East Greenland Meso- to
Neoproterozoic sedimentary rift basin sequence includes three first order successions: (i) the
Krummedal Succession, (ii) the Nathorst Land Group (lower Eleonore Bay Supergroup), and (iii) the

Lyell Land, Ymer @ and Andrée Land Groups (upper Eleonore Bay Supergroup;Gilotti et al., 2008;
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Higgins, 1988; Senderholm and Tirsgaard, 1993). Only a handful of studies have attempted to
constrain the depositional age and provenance of the Meso- to Neoproterozoic rift basin sequences
that extend from 70 to 76° N (>~650 km) in East Greenland. These studies utilized zircon U-Pb data
(Dhuime et al., 2007; Kalsbeek et al., 2000; Slama et al., 2011; Strachan et al., 1995; Watt et al.,
2000) and, only in the case of Slama et al. (2011), were complementary zircon Hf isotopes used.
Consequently, many questions remain as to the depositional age of the Meso- to Neoproterozoic
sedimentary rocks in East Greenland, the provenance of these rift successions and their correlations to

various units across the North Atlantic region.

In this study, we provide zircon U-Pb and Hf isotope data from metasedimentary rocks and intruding
granites in Wollaston Forland, a prominent peninsula in East Greenland between 74 and 75°N (Fig.
3). The metasedimentary samples were tentatively assigned to the Nathorst Land Group from
mapping at 1: 250,000 by the Geological Survey of Greenland (GEUS; Escher, 2007; Henriksen and
Higgins, 2008). However, these metasedimentary rocks also share lithological similarities
(Senderholm and Tirsgaard, 1993) and high-grade metamorphic characteristics (Gilotti et al., 2008)
with the Krummedal Succession (see section 2.2.1). Granites were dated to assess whether these were
Silurian or Neoproterozoic in age. Neoproterozoic granites are restricted to the Krummedal
Succession (Leslie and Nutman, 2003), aiding stratigraphic assignment of the metasedimentary rocks.
Using these new data, complemented with detrital U-Pb and Hf data from other Neoproterozoic North
Atlantic rift basin correlatives, we evaluate the stratigraphic position of the East Greenland sequence
within the broader Meso- to Neoproterozoic successions of the North Atlantic region. This approach
allows us to recognise provenance patterns in time and space, which we argue have geodynamic

significance.

2 GEOLOGICAL BACKGROUND
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2.1 Overview of the North Atlantic region

The North Atlantic region has experienced repeated extensional and compressional activity from the
Mesoproterozoic to Cenozoic, exploiting approximately the same crustal discontinuities for breakup
and amalgamation events (Cawood et al., 2016; Gee et al., 2013; Holbrook et al., 2001). Distinct rock
packages of Laurentian, Baltican and Amazonian affinity first amalgamated during the end of the
Mesoproterozoic along the Grenvillian and Sveconorwegian orogenies (Bingen et al., 2008; Cawood
and Pisarevsky, 2017; Gower and Krogh, 2002; Slagstad et al., 2017). Protracted and episodic rifting
occurred in the latest Mesoproterozoic to Neoproterozoic. The latest Mesoproterozoic to early
Neoproterozoic (Tonian) events in the North Atlantic region are collectively referred to as the
accretionary Valhalla Orogen to differentiate it from the more southerly and generally older
Grenvillian, Sveconorwegian and Sunsas Orogens that were collisional in nature (Cawood et al.,
2010; Slagstad et al., 2019). Continued crustal attenuation caused the breakup of Laurentia and
Baltica towards the end of the Neoproterozoic and the opening of the Iapetus Ocean (Cawood et al.,
2001; Cawood et al., 2007; Hartz and Torsvik, 2002). In the Ordovician—Silurian, ca. 200 Myr later,
Laurentia and Baltica re-collided together with the Avalonian continent from the south during the
Caledonian Orogeny (McKerrow et al., 2000; Woodcock and Strachan, 2009). The Laurentian and
Baltican continents (with pieces of Avalonia) have since been rifted apart again in the Late Cretaceous
and Paleogene to form the present day configuration of the North Atlantic Ocean (Storey et al., 2007;
Torsvik et al., 2001). The timing of these rifting and amalgamation events also coincide with the
building and breakup of Rodinia and Gondwana/Pangea (Merdith et al., 2019; Mitchell et al., 2019).
This repeated history in a relatively narrow spatial location attests to the completion of two Wilson

cycles across a billion year timescale (Buiter and Torsvik, 2014).

2.2 Geological setting of the Meso- to Neoproterozoic successions, East Greenland
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Meso- to Neoproterozoic sedimentary sequences are exposed in eastern and northeastern Greenland
from 70.0 to 81.5°N and provide a record of the protracted rifting history of the Rodinian
supercontinent (Fig. 2; Kalsbeek et al., 2000; Senderholm et al., 2008). The succession
disconformably overlies Neoarchean to Paleoproterozoic crystalline basement and subordinate
Paleoproterozoic supracrustal rocks (Higgins, 1988; Thrane, 2002). From oldest to youngest, the
Meso- to Neoproterozoic sequences comprise the Krummedal Succession (Higgins, 1988), the
Eleonore Bay Supergroup (Senderholm and Tirsgaard, 1993) and the Tillite Group (Fig. 2; Hambrey

and Spencer, 1987).

2.2.1 Krummedal Succession

In its present-day configuration, the Krummedal Succession is separated from the Archean to
Paleoproterozoic basement by low-angle extensional detachments that are probably coeval with
thrusting during the Caledonian Orogeny (Gilotti et al., 2008). In the north (~76°N), the Smallefjord
Succession was correlated with the Krummedal Succession on the basis of lithological, metamorphic,
structural and geochronological similarities (Strachan et al., 1995). The Krummedal Succession
comprises at least 4 km of medium- to high-grade, migmatitic mica schists, paragneisses and impure
quartzites (Higgins, 1988). Two series of granites are present within the Krummedal Succession.
More rarely, an ‘older’ granite suite at ca. 950-920 Ma intruded the Krummedal Succession during
extension associated with the Renlandian Orogeny (Kalsbeek et al., 2000; Leslie and Nutman, 2003;
Watt et al., 2000)(Cawood et al., 2010). During Silurian extensional episodes, voluminous granites
intrude the Krummedal Succession as subhorizontal sheets associated with the Caledonian Orogeny

(Gilotti and McClelland, 2005).

The age of the Krummedal Succession is constrained by both detrital zircon geochronology and
intrusion of granitoids. Geochronology of Krummedal Succession detrital zircon populations

demonstrates a dominance of Paleoproterozoic to Mesoproterozoic grains (ca. 1700—1200 Ma) with
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the youngest grains dated at ca. 1040 Ma (Kalsbeek et al., 2000; Leslie and Nutman, 2003; Strachan et
al., 1995; Watt et al., 2000). Intrusion of the ‘older’ granite suite in the Krummedal Succession at ca.
950-920 Ma provides a firm minimum age for the succession (Kalsbeek et al., 2000; Leslie and
Nutman, 2003; Watt et al., 2000). Thus, the detrital zircon and intruding granite ages bracket

sedimentation of the Krummedal Succession to between ca. 1040 and 920 Ma.

The provenance of the Krummedal Succession still remains enigmatic, although correlations have
been made across the North Atlantic as far east as the Arctic Norwegian Caledonides (Kirkland et al.,
2008a). The inferred underlying orthogneisses in East Greenland typically have ages of ca. 2800—
2700 Ma and ca. 2000—1900 Ma (Thrane, 2002), which are rarely found in the zircon cargo of the
Krummedal Succession (Kalsbeek et al., 2000; Leslie and Nutman, 2003; Strachan et al., 1995).
Known Paleo- to Mesoproterozoic crust is rare in East Greenland, probably indicating that grains of
this age in the Krummedal Succession were derived from more distal or currently unrecognized sub-
ice sources. Potential source terranes include Grenvillian orogens in Laurentia (Gower, 1996; Rivers,
1997) or the Sveconorwegian Orogen in Baltica (Ahill and Connelly, 1998), both of which are
compatible with axial drainage from the south (in present-day coordinates) and similar detrital spectra
in the rest of the North Atlantic region (e.g., Kirkland et al., 2008a; Pettersson et al., 2009a).
However, distinguishing Laurentian from Baltican crust on U-Pb and Hf isotopes remains problematic

(Slagstad and Kirkland, 2017).

2.2.2  Eleonore Bay Supergroup (Nathorst Land, Lyell Land, Ymer @ and Andrée Land Groups)

Structurally overlying the Krummedal Succession is the Eleonore Bay Supergroup, which has an
estimated total thickness of >14 km (Senderholm et al., 2008; Senderholm and Tirsgaard, 1993). The
contact between the Krummedal Succession and Eleonore Bay Supergroup is now structural across an
extensional detachment (Hartz and Andresen, 1995) but, originally, the younger supergroup was

thrust westwards over the older succession (Smith and Robertson, 1999).
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The lower ~12 km of the Eleonore Bay Supergroup comprises primarily paralic to shallow marine
siliciclastic sedimentary rocks of the Nathorst Land (~9 km) and Lyell Land Groups (~ 3 km),
whereas the upper ~2 km are dominantly carbonate platform deposits of the Ymer & and Andrée Land
Groups (Senderholm and Tirsgaard, 1993). The Nathorst and Lyell Land Groups host lithologically
similar successions, although the Nathorst Land Group does comprise minor carbonates and
microbialites, which the Lyell Land Group lacks (Senderholm et al., 2008; Senderholm and Tirsgaard,
1993). In Andrée Land, ~2.5-3.0 km of the Nathorst Land Group were eroded away prior to the
deposition of the Lyell Land Group, indicating at least one significant stratigraphic break (Smith and
Robertson, 1999). It is not known whether this unconformity is present away from Andrée Land
(Senderholm et al., 2008) but it is probable that the Eleonore Bay Supergroup can be divided into a
lower (Nathorst Land Group) and upper component (Lyell Land, Ymer @ and Andrée Land Groups).
The Eleonore Bay Supergroup has been intruded by Silurian granites during the Caledonian Orogeny
(Gilotti and McClelland, 2005; Slama et al., 2011). However, unlike the Krummedal Succession, there
is no evidence for the ‘older’ granite suite (ca. 950-920 Ma) intruding the Eleonore Bay Supergroup

(Kalsbeek et al., 2000).

Accurate depositional ages for the various groups in the Eleonore Bay Supergroup are still lacking.
Only a few samples have been analyzed for detrital zircon geochronology from the siliciclastic
sequences, including five samples from two areas from the Nathorst Land Group (Dhuime et al.,
2007; Watt et al., 2000), and four samples from two areas within the Lyell Land Group (Slama et al.,
2011; Watt et al., 2000). The maximum depositional age inferred from the youngest zircon grains
from the Nathorst Land Group is ca. 990 Ma (Dhuime et al., 2007) and ca. 880 Ma for the Lyell Land
Group (Slama et al., 2011). The upper age for the Eleonore Bay Supergroup is constrained by
Marinoan-aged diamictites of the overlying Tillite Group (Fairchild and Hambrey, 1995; Halverson et
al., 2005; Halverson et al., 2004), which corresponds to an age of ca. 650 Ma for the top of the

Eleonore Bay Supergroup.
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The provenance of the Nathorst and Lyell Land Groups is markedly different (Dhuime et al., 2007;
Slama et al., 2011). Concordant detrital zircon cargo age populations from the Nathorst Land Group
range predominantly from ca. 1800 to 1200 Ma (Dhuime et al., 2007; Watt et al., 2000), mimicking
that of the Krummedal Succession (Kalsbeek et al., 2000; Strachan et al., 1995; Watt et al., 2000).
The implication is that either the Nathorst Land Group was derived from the same source terranes as
the Krummedal Succession or that the latter succession was exhumed and recycled. In contrast, the
Lyell Land Group has a dominant detrital zircon population age peak from ca. 1100 to 1000 Ma, with
only minor components of 1800—1200 Ma and rare (3—4%) Archean grains (Slama et al., 2011; Watt
et al., 2000). Slama et al. (2011) proposed that the source of these grains was situated in the eastern
part of the Canadian Shield on the basis of intrusions that were associated with the final stage of the
Grenville Orogeny and dated at ca. 1095-980 Ma (Gower, 1996; Rivers, 1997). This is also
compatible with large-scale detrital provenance studies that suggest that the bulk of material was

axially-derived from more southerly domains (Spencer and Kirkland, 2016).

2.2.3  Tillite Group

The Tillite Group conformably overlies the Eleonore Bay Supergroup (Moncrieff and Hambrey, 1988;
Senderholm and Tirsgaard, 1993). The lower sequence is Cryogenian in age and comprises
diamictites and marine deposits (Hambrey and Spencer, 1987) that were deposited during the
Marinoan glaciation as part of “Snowball” Earth (Fairchild and Kennedy, 2007; Hoffman et al., 1998;
Li et al., 2013). The upper part of the Tillite Group is probably Ediacaran in age and consists of
dolomitic mudstone and shallow marine to supratidal sandstone (Hambrey and Spencer, 1987). The
Tillite Group is unconformably overlain by the Cambrian—Ordovician Kong Oscar Fjord Group,
which represents early passive margin sedimentation after the opening of the lapetus Ocean (Smith

and Rasmussen, 2008).
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The basal age of the Tillite Group is constrained by the age of the Marinoan glaciation (ca. 660 Ma,
see above and Halverson et al., 2005). The minimum age at the top of the Tillite Group is ca. 540 Ma,
constrained by the presence of distinctive early Cambrian fauna in the overlying succession (Smith et
al., 2004b). No detrital zircon work has been conducted on the Tillite Group to further constrain its

maximum depositional age, provenance or correlations across the North Atlantic region.

3 SAMPLE SELECTION

Eight samples, including five metasedimentary samples from the Nathorst Land Group and three
intruding granites, were collected from four localities in Wollaston Forland during an expedition in

East Greenland in 2018 (Fig. 3, Table 1)

One granite (590201; 19.32606 °W, 74.58298 °N) and one metasedimentary (590204; 19.33057 °W,
74.57573 °N) sample were collected from the northeastern part of Wollaston Forland, on the Kap
Berlin peninsula (Fig. 3, Table 1). The granite is inferred into the basement, based on observations of
enclaves of metasedimentary rocks within the granite. Sample 590201 was collected from an
undeformed biotite granite. Sample 590204 was gathered from an enclave of isoclinally-folded,
biotite-plagioclase-quartz + garnet psammitic gneiss with a strong gneissosity within the undeformed

granite.

One granite (547408; 19.78191 °W, 74.40077 °N) and one metasedimentary (590210; 19.78527 °W,
74.39987 °N) sample were collected from the centre of Wollaston Forland (Fig. 3, Table 1). Like the
northeast part of Wollaston Forland, the metasedimentary rocks are enclaves within the granite.
Sample 547408 was collected from a sulphide-mineralized granite. Sample 590210 was extracted

from a decametre-scale quartzite enclave within the mineralized granite. The outcrop area of
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Proterozoic basement is tens of meters wide and long, and so is below the resolution of the map area

in Fig. 3.

Two banded metasedimentary samples (590207; 20.08284 °W, 74.62391 °N and 590214; 20.11136
°W, 74.63862 °N) were taken from the northwest of Wollaston Forland, near Kap Schumacher (Fig.
3, Table 1). Sample 590207 represents a foliated quartzite that has been intruded by granite. Sample

590214 was collected from a garnet-sillimanite-biotite metapelite.

One granite (590239; 20.19881 °W, 74.37070 °N) and one metasedimentary (590232; 20.20857 °W,
74.30931 °N) sample were collected from the southwestern part of Wollaston Forland, on either side
of the Lille Sedal ravine (Fig. 3, Table 1). Here, the granite occurs as several m-wide sheets that
steeply cross-cut the metasedimentary succession. Granite sample 590239 was taken from a pink
granite with stretched quartz crystals. The pink granite cross-cuts quartzite, similar in lithology to
where samples 590207 and 590210 were sampled. Sample 590232 was selected from a garnet-

bearing, foliated, isoclinally-folded and melted psammite.

4 METHODS

4.1 Sample preparation and grain imaging

All eight samples were disaggregated by jaw crushing to liberate constituent minerals. Heavy mineral
fractions were separated using heavy liquid and magnetic susceptibility techniques. All zircon grains
were mounted in 25 mm diameter epoxy stubs and polished to half-grain thickness to expose their
interiors. Mounted grains were imaged with transmitted and reflected light on an optical microscope
and, subsequently, with back-scattered electron (BSE) and cathodoluminescence (CL) imaging using
a Tescan Mira3 variable pressure field emission gun scanning electron microscope (VP-FEG-SEM) at

the John de Laeter Centre (JALC) at Curtin University. Transmitted and reflected light images were
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used to assess grain shape and transparency as a means to assess zircon growth and modification
processes. BSE and CL images were used to document internal zonation patterns (e.g. oscillatory,
sector) and identify growth and recrystallization textures as an aid to targeting in situ analysis (Corfu

et al., 2003).

4.2 Zircon U-Pb and Lu-Hf isotopic data

Zircon U-Pb and Lu-Hf isotopic measurements were collected simultaneously using the laser ablation
split stream system housed in the GeoHistory Facility, JALC, Curtin University, in four sessions
across one week. Where possible, multiple spots were collected from both grain cores and rims.
Analyses were conducted targeting >100 grains to capture minor subpopulations without preselecting
grains, in order to minimise sample bias and yield an objective detrital zircon distribution
(Vermeesch, 2004). An overview of operating conditions is given here but more detail can be found in
Spencer et al. (2017) and Gardiner et al. (2019). An excimer laser (Resonetics S-155-LR 193 nm) was
used with a laser fluence of 3 J cm™ and repetition rate of 10 Hz for ~30-35 s of total analysis time
and 60 s of background capture. All analyses were preceded by three cleaning pulses. The sample cell
was flushed by ultrahigh purity He (0.68 L min") and N (2.8 mL min™). As a result of zircon grain
size variation between samples, analytical spot diameters varied between 50 um (session 1) and 38
pum (sessions 2—4). Any systematic difference between these approaches was excluded by repeated
analysis of grains from session 1 (50 pm) in session 2 (38 um), targeting similar growth domains.(see

supplementary Fig. A).

U-Pb data were collected on an Agilent 7700s quadrupole (session 1) or Agilent 8900 triple
quadrupole (sessions 2—4) mass spectrometers with high purity Ar as the carrier gas (flow rate 0.98 L
min™'). Analyses of unknowns were bracketed with analyses of the primary zircon reference material
GJ-1 (601.86 = 0.37 Ma; Horstwood et al., 2016; Jackson et al., 2004) to monitor and correct for mass

fractionation and instrumental drift. A range of secondary zircon reference materials spanning
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Archean to Phanerozoic ages — R33 (419.26 + 0.39 Ma; Black et al., 2004), 91500 (1062.4 + 0.4 Ma;
Wiedenbeck et al., 1995) and OG1 (3465.4 = 0.6 Ma; Stern et al., 2009) — were used to monitor data
accuracy and precision, and were corrected for mass bias and fractionation based on measured
isotopic ratios of the primary reference material. During the analytical sessions, R33, 91500 and OG1
yielded statistically-reliable weighted mean ages of 417.3 + 1.7 to 420.3 + 1.3, 1059.1 + 2.9 to 1063.8
+ 2.4, and 3464 + 10 to 3477 + 17, respectively, all of which are within 2¢ of the published age (see
supplementary Table A for full U-Pb standard compilation). Zircon data are considered concordant
where the **’Pb/**Pb and >**U/**Pb systems overlap with the concordia curve (Ludwig, 1998). All
zircon dates are presented as the most precise date between “*°Pb/**U and **’Pb/**°Pb ages
(Supplementary Table B). This includes those recalculated in the compilation in Supplementary Table

C.

Lu-Hf isotopic data were collected from the same analytical volume as U-Th—Pb data on a Nu
Instruments Plasma IT MC-ICPMS. Measurements of "2Yb, YD, °Lu, '"*Hf+Yb+Lu, '"Hf, !"*Hf,
"Hf and "*°Hf were made simultaneously. Mud Tank zircon was used as the primary reference
material for Hf isotope ratios, with a '"*Hf/!”’Hf ratio of 0.282505 =+ 0.000044 (Woodhead and Hergt,
2005). Corrected '"*Lu/'""Hf ratios were determined through processing against the R33 zircon
standard (0.001989 + 0.000869; Black et al., 2004). 91500 (0.282306 + 0.000008; Woodhead and
Hergt, 2005), FC1 (0.282172 + 0.000042; Salters and Hart, 1991) and GJ-1 (0.282000 + 0.000005;
Morel et al., 2008) were used as secondary standards to monitor accuracy of data processing. During
the analytical sessions, secondary standards across the four sessions yielded statistically reliable
corrected '"*Hf/!'""Hf weighted average ratios: 91500 yielded 0.282274 + 0.000028 to 0.282314 +
0.000018; FC1 yielded 0.282159 + 0.000033 to 0.282217 + 0.000034, and; GJ-1 yielded 0.281985 +
0.000026 to 0.282009 + 0.000016, all of which overlap within 2c of the published values (see
supplementary Table B for full Hf isotope standard compilation). The stable '"*Hf/'”"Hf and

'S0H{/'7"Hf ratios for Mud Tank yielded values of 1.46712 + 0.00004 to 1.46718 + 0.00004 and
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1.88668 £ 0.00009 to 1.88688 = 0.00008, respectively, across the four sessions (Supplementary Table
A), overlapping with expected terrestrial and Mud Tank '7*Hf/'""Hf and "**Hf/'""Hf values (Gain et al.,
In Press; Patchett and Tatsumoto, 1981). Decay constants, chondritic uniform reservoir (CHUR) and
depleted mantle values are taken from Soéderlund et al. (2004), Bouvier et al. (2008) and Griffin et al.

(2002), respectively.

Data were reduced in lolite (Paton et al., 2011) and in-house Excel macros. Detrital zircon population
ages were assessed using Isoplot 4.15 software (Ludwig, 2012), with Excel macros used to produce
detrital zircon age probability density plots and cumulative density plots (Gehrels et al., 2008). Kernel
density plots of detrital zircon age populations, were performed in the R statistical “provenance”
analysis package (Vermeesch et al., 2016). Full isotopic data for the samples are given in
supplementary Table B. Epsilon notation Hf isotopic data relative to CHUR at the time of
crystallization [€Hf{(;)] were computed for concordant zircon grains using the age of the crystal, and

the measured (present-day) '"°Lu/!”"Hf and '"°Hf/'"Hf values.

4.3 Compilation and evaluation of previously published detrital zircon data

In order to work towards resolving some of the stratigraphic correlations across the North Atlantic
region (see discussion), we have compiled detrital zircon U-Pb and Hf isotopic data from latest
Mesoproterozoic to Cryogenian successions in the North Atlantic region. We only use concordant U-
Pb data that have analyzed a single crystal domain (i.e., core or rim, but not across zones). We define
concordant analyses as those where the 2c error ellipse overlaps with the concordia curve (Spencer et
al., 2016). We exclude any grains or grain rims that have been interpreted to be of metamorphic

genesis in the original publications.

We use statistical analyses to scrutinize U-Pb data using the K-S test (Massey, 1951), coupled U-Pb

and Hf isotopic data using the Detzrcr code (Detrital Zircon in R; Kristoffersen et al., 2016) and
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zircon disparity tests (Barham et al., 2019a). The K-S test returns a distance value that defines the
maximum vertical separation from between the age curves of any two of detrital zircon samples on a
cumulative probability diagram. Thus a distance of 1.0 indicates a 100% difference, i.e. that all grains
in one sample are older than all the grains in another sample, while a distance of 0 indicates a perfect
match of ages between samples. Each distance metric is associated with a corresponding p-value that
describes the probability that random sampling could account for any differences between samples,
and thus that two samples could have been drawn from the same population (p > 0.05). The similarity
of detrital zircon populations was also assessed through a modified ‘likeness’ metric of Satkoski et al.
(2013), which considers both the temporal consistency and magnitude of age peaks between
probability density plots of any two detrital zircon samples. This likeness metric can be applied to
both U-Pb and Hf model ages and incorporate 95% confidence intervals to assess likelihood of sample
relatedness (Andersen et al., 2016; Kristoffersen et al., 2016). While these similarity tests inform
relationships between any two samples, associations within sample groups are more difficult to assess
through traditional similarity matrices. For this reason, similarity values across sample groups are
commonly visualised via multi-dimensional scaling (MDS; Vermeesch, 2013), whereby the distances
(taken from a K-S test, or equivalent) between multiple detrital zircon sample pairs within any group
of samples are rationalised into a 2D plot. The closer proximity of samples on an MDS plot equates to
greater similarity of their detrital age signatures. Thus, an MDS plot visually displays relative sample
differences based on a mathematical approach to rationalise a matrix of sample pair comparisons.
Tracking how detrital zircon similarity metrics change through time may be further facilitated via
disparity metrics (Barham et al., 2019a; Barham et al., 2019b). This technique assesses the
magnitudes of ‘distances’ (typically from a K-S test) of different detrital zircon age populations
within distinct spatial or temporal sample sets (in this case, megasequences, see discussion). Rather
than using distance values between pairs of samples within a sample group to produce an MDS plot,
they can be used to quantify how closely related the overall group is (Barham et al., 2019b). Both the
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average nearest neighbour distance (mean of the distance measure between the most similar sample
pairs for all samples within a group) and average inter-sample distances (mean distance measure
across all sample pairs within a group) provide insight into the nature of differences between detrital
zircon sample populations (visualised spatially from MDS space in Fig. 4). Tracking both disparity
metrics allows identification of any sub-grouping within a larger set of samples, while comparing the
average values that define any chosen sample grouping can inform larger scale changes in basin

and/or crustal evolution controlling zircon generation, dispersion and mixing (Barham et al., 2019a).

5 RESULTS

5.1 Zircon morphology and textures

Zircon grains are 60—150 um in length and have low to moderate aspect ratios of 1:1 to 4:1 (Fig. 5,
Supplementary Fig. B). In all metasedimentary samples, internal zircon textures are dominantly (sub-
Jrounded oscillatory- and sector-zoned cores with most grains displaying thin, weakly- oscillatory-
zoned overgrowths with a dark or bright CL response (Fig. 5a—c, grains with purple spots). Grains
with rounded terminations tend to have limited development of grain rims (Fig. 5, most purple spots),
whereas rare idiomorphic zircon shows clear overgrowths (Fig. Se, green spot). Grain cores also
occasionally exhibit homogeneous CL response (Fig. 5b), particularly bright CL response (Fig. 5a—c)
or chaotic zoning (Fig. 5c), all of which have yielded concordant dates. Rarely, overgrowths with

homogeneous CL responses approach thicknesses >40 pm, especially in sample 590232 (Fig. 5e).

In granitic samples, internal zircon textures can be similar to those found in metasedimentary samples
(Fig. 5, red spots), but oscillatory- and sector-zoned zircon grains without core—rim distinctions are

also present (Fig. 5e). In sample 590239, a lack of core—rim domains is especially notable (Fig. 5e).
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This same sample also includes a significant portion of grains with a dark, homogeneous CL response

(Supplementary Fig. B).

5.2 Zircon U-Pb data

5.2.1 Metasedimentary samples

The five metasedimentary samples yielded a mixture of concordant and discordant analyses (Fig. 6).
Concordant grain ages are concentrated between ca. 2900 and 920 Ma, with only two analyses
younger than 920 Ma that were not collected across core—rim domains (Fig. 6). The concordant
population older than 920 Ma were exclusively collected from (predominantly rounded) grain cores
that are interpreted to be detrital. The internal textures of these grains are predominantly oscillatory-or
sector zoned but a subordinate portion are more homogeneous (Fig. 5). Each of the metasedimentary
samples show broadly equivalent age subpopulations (Fig. 6—7). Dating of grain cores reveal that
~94% of the concordant population is part of a continuous spread of ages between ca. 1850 and 910
Ma with distinct age peaks at ca. 1620 Ma, 1450 Ma and 1080 Ma. Additional age subpopulations
include minor clusters at ca. 2900-2600 Ma (~4%) and ca. 2030-1940 Ma (~2%). There is no clear
distinction in CL response between the different subpopulations (Fig. 5a—c), with the exception that

the youngest subpopulation tends to be low in U (Fig. 5d).

The youngest detrital zircon grains in samples 590204, 590207 and 590210 are broadly equivalent in
age (950-910 Ma; Fig. 6-7). Weighted mean **Pb/***U ages of the youngest grain(s) for samples
590204, 590207 and 590210 were calculated at 950 £ 23 Ma (n=1), 925+ 18 Ma (n =2, MSWD =
0.02, p=0.88) and 933 + 49 Ma (n = 1), respectively. These dates yield a combined weighted mean
206ph/2¥U age 0f 936 £ 15 Ma (n = 6, MSWD = 0.59, p = 0.71). The youngest grains in sample
590214 and 590232 were older than ca. 1000 Ma (Fig. 6).
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The two analyses younger than 910 Ma are both from sample 590232 (Fig. 6e). These two analyses
targeted grain rims with homogeneous CL response (e.g., 590232-15 in Fig. 5¢) and yielded U-Pb
dates of 417 + 11 and 419 = 10 Ma (green squares, Fig. 6¢), overlapping with the granite ages (see
section 5.2.2 and Fig. 6g—h). The homogeneous CL response and overgrowth nature of these analyses

implies they represent metamorphic rims.

5.2.2  Granitic samples

Two granite samples (547408 and 590201) yielded similar zircon age subpopulations to the
metasedimentary samples, with sample 590201 having additional ca. 510 (n=3) and ca. 430 Ma (n =
13) subpopulations, and a single concordant ca. 800 Ma analysis (Fig. 6f~g). Given that the granite
samples show emplacement relationships with metasedimentary units in the field (Fig. 3), grains older
than ca. 1000 Ma are considered to be inherited zircon. The four concordant ca. 800 and ca. 510 Ma
dates reflect core—rim sampling mixtures. The Silurian subpopulation was analyzed on idiomorphic
oscillatory-zoned grains without core-rim textural distinctions (Fig. 5¢). This subpopulation yiclded a
2%ph/28U weighted mean age of 427 + 5 Ma (n= 13, MSWD = 1.05, p = 0.32), which is interpreted

as the magmatic crystallization of granite sample 590201.

One of the granite samples (590239) yielded only a single age population on oscillatory- and sector-
zoned crystals (Fig. Se, Fig. 6h). Of the 212 total spots, 145 were concordant and yielded a **°Pb/>*U
weighted mean age of 426 + 1 Ma (MSWD = 1.05, p = 0.32), considered as the crystallization age of

the granite. This age overlaps with the crystallization age of granite sample 590201.

5.3 Zircon Hf isotope data

The Hf isotopic data can be broadly subdivided into two categories: (i) detrital and inherited grains
older than 920 Ma with eHf(y) = —12 to +8 (two outliers at —17 and —21), and (ii) ca. 425 Ma
magmatic and metamorphic zircon analyses with eHf(; =—15 to +2 (Fig. 8).
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The detrital cores in metasedimentary samples and the inherited cores in granitic samples overlap in
age—Hf isotopic space (Fig. 8). Two other notable observations are that that the ca. 1450-1350 Ma
subpopulation lacks any points with eHf(y) below —5 and the Archean subpopulation is exclusively <+4

eHfy (Fig. 8).

The large range in zircon Hf isotopic compositions for the Caledonian granites needs to be assessed
for validity. There is no correlation between '°Yb/'”’Hf and '"°Hf/"""Hf or '"*Lu/'""Hf and '7°*Hf/'""Hf
for the Caledonian magmatic zircon grains (Supplementary Table B). This lack of correlation
indicates that the large range of Hf isotopic compositions for the Caledonian granites are not a
function of isobaric interference of '°Yb or '"°Lu on '"*Hf. Additionally, there is no indication from
CL images that these analyses reflect physical mixtures of magmatic cores and metamorphic rims
(Supplementary Fig. B). Thus, the large range in eHf units for the Caledonian granites is interpreted
as a function of disequilibrium of magma composition (e.g., Tang et al., 2014) or magma mixing (e.g.,

Griffin et al., 2002).

6 DISCUSSION
6.1 Ages and stratigraphic position of metasedimentary rocks in Wollaston Forland

The presented U-Pb age data help resolve whether the metasedimentary rocks sampled in Wollaston
Forland belong to the Meso- to Neoproterozoic Krummedal Succession or the Neoproterozoic
Nathorst Land Group (lower Eleonore Bay Supergroup). The presence of ca. 930 ma detrital zircon

grains implies that the Nathorst Land Group crops out in Wollaston Forland (Figs. 5d, 6).

The simplest explanation for the ca. 930 Ma detrital grains in our metasedimentary samples is that
they were derived from the ca. 930 Ma ‘older’ granite suite. It is worth emphasizing that these grains

appear magmatic, with Th/U = 0.2-0.9 (Supplementary Table B) and oscillatory- to sector-zoning
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(Fig. 5d), unlike metamorphic grains of this age previously found in the Krummedal (Smallefjord)
Succession (Strachan et al., 1995). Although the onset of deposition of the Nathorst Land Group
remains poorly constrained (<800 Ma?; Senderholm and Tirsgaard, 1993), mapping has revealed that
the ca. 930 Ma ‘older’ granite suite does not intrude into it (Kalsbeek et al., 2000). Thus, the most
plausible explanation is that the ca. 930 Ma detrital grains were eroded from the ‘older’ granite suite.
The presence of what is highly likely ca. 930 Ma grains derived from the ‘older’ granite suite

indicates that the Wollaston Forland metasedimentary rocks belong to the Nathorst Land Group.

6.2 Provenance of the Eleonore Bay Supergroup

The detrital zircon and Hf isotopic data reported here from the Nathorst Land Group poorly match the
most proximal terranes in East Greenland that dominantly comprise Archean- (ca. 3610, 3070-2980
Ma, 28002680 Ma) and Paleoproterozoic-aged (ca. 2000—1900 Ma, 1750 Ma) zircon grains
(Johnston and Kylander-Clark, 2013; Kalsbeek et al., 1993b; McClelland et al., 2016; Thrane, 2002).
The implication is that either the Greenland basement was not exposed, blocked from shedding
detritus into the Eleonore Bay Supergroup basin, or that the supergroup was allochthonous to
Greenland. It is difficult to constrain which of these models is correct, particularly given the similarity
of U-Pb and Hf isotopic signatures across the potential North Atlantic source regions (Slagstad and

Kirkland, 2017).

The East Greenland basement may still have been a minor proximal source. First, there is a minor but
significant presence of ca. 950-930 Ma detritus with eHf values between —8 and -2 (Fig. 8a), which
are known from Renlandian-aged magmatism and metamorphism throughout the western North
Atlantic region (Bird et al., 2018; Cawood et al., 2010), including East Greenland (Kalsbeek et al.,
2000; Leslie and Nutman, 2003; Watt et al., 2000). Components with ages of ca. 950900 Ma are

present in Baltica (Bingen and Solli, 2009) but with relatively high ¢Hf values (Fig. 8a), implying that
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at least some of the source material was derived from the western side of the North Atlantic region
(i.e., Laurentia). Second, the minor Archean to Paleoproterozoic population present in the samples
may have also been derived locally, but these could also have been derived from more distal
Laurentian terranes to the south (in present-day coordinates) along the Grenville Orogen
(Krabbendam et al., 2017). Thus, East Greenland may have been a proximal source to the Nathorst
Land Group but this is not a requirement as other source terranes may also account for the Archean,

Paleoproterozoic and earliest Neoproterozoic subpopulations (Fig. 7-8).

The detrital zircon cargo of our samples is well matched by known Laurentian and Baltican source
terranes, although the age and Hf isotopic signal of both these source regions are very similar (Fig. 8;
Slagstad and Kirkland, 2017). Given current paleogeographic reconstructions, Amazonia may also
have been a source of detrital zircon grains (Cawood and Pisarevsky, 2017). One subpopulation at ca.
1350 found in sample 590207 is not well known in either Laurentia or Baltica (Fig. 7); it is uncertain
where this subpopulation is derived from. Baltica notably lacks the Renlandian (ca. 970-920 Ma) and
Shawinigan/Elzevirian-aged (ca. 1300—1130 Ma) orogenic events that are found in Laurentia, both of
which are present in the detrital zircon record from East Greenland (Fig. 7). The implication is that a
Laurentian source region is more likely than a Baltican source, which was previously suggested
(Dhuime et al., 2007; Watt et al., 2000). It is thus likely that sediment was transported axially along
the western margin (Laurentian) of the North Atlantic region (in present-day coordinates), having
potentially limited influence from the opposing eastern, Baltican margin. Such a process is a common

phenomenon in extensional basins (e.g., Olierook et al., 2019b).

6.3 Correlations across the Neoproterozoic North Atlantic region

Various workers have attempted to correlate the latest Mesoproterozoic to Neoproterozoic

sedimentary basins across the North Atlantic region, with several authors proposing a first order
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classification into three distinct “lithostratigraphic packages”, “lithotectonic groupings” or
“megasequences” (Bingen et al., 2011; Cawood et al., 2007; Kirkland et al., 2008b). We follow the
notion that these three sedimentary packages are related to principal sequence stratigraphic cycles
(Williams, 1993) and therefore adopt the term “megasequence”. However, assigning absolute ages to
the different megasequences, and correlating them across the North Atlantic region is complicated by
a paucity of radiometrically-dateable material, particularly for megasequences 2 and 3, and an absence

of fossils for megasequences 1 and 2 (Fig. 9).

6.3.1 Megasequence 1 (ca. 1020-950 Ma)

Megasequence 1 is latest Mesoproterozoic to early Neoproterozoic (ca. 1020-950 Ma) in age and can
be found across almost the entire North Atlantic region, from the far west in the allochthonous Pearya
Terrane to the allochthonous nappes now found on the western Baltican margin in Norway and
Sweden (Fig. 9). Sedimentation at this time is thought to have occurred in extensional basins during
the opening of the Asgard Sea between northern Laurentia and Baltica, and were probably sourced
from the Grenville Orogen (sensu stricto) and possibly the Baltican margin (Bingen et al., 2011;
Cawood et al., 2010; Kirkland et al., 2008b). Maximum depositional ages are constrained by the
youngest detrital zircon grains, whilst minimum age constraints are provided by granitoid intrusions
and associated metamorphic events during the Renlandian Orogeny (Fig. 9-10). Given that these
sequences were deposited soon after the Grenvillian—Sveconorwegian orogenies, it is not surprising
that the youngest detrital zircon grains are temporally close to the true depositional age (cf. Cawood et

al., 2012).

The maximum depositional age for megasequence 1, defined by the youngest detrital zircon, varies
from 1039 £ 27 Ma (Krummedal Succession, East Greenland) to 955 + 24 Ma (Smerenburgfjorden
Complex, Svalbard; Fig. 8). The Sleat Group has a slightly older maximum depositional age (1056 +

17 Ma, Fig. 9), and it is still uncertain whether it is truly part of megasequence 1 (cf. Krabbendam et
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al., 2017; Rainbird et al., 2001; Spencer et al., 2015). It is unclear whether the onset of sedimentation
is diachronous across the North Atlantic region, or whether the difference in youngest detrital zircon
ages is a consequence of differences in available zircon-bearing source terranes. Additionally, there is
some component of younger age resetting (i.e., minor Pb-loss) on the *°Pb/**U ages. For example,
the youngest detrital zircon grain of 955 + 24 Ma from the Smerenburgfjorden Complex in Svalbard
is nearly 5% discordant (Pettersson et al., 2009a), with potentially some Pb-loss caused by later
Caledonian intrusions (Pettersson et al., 2009b). With this in mind, most youngest zircon analyses
with <1% discordance yielded ages that are between ca. 1030 Ma and ca. 1000 Ma (Fig. 9-10, Table

1, Supplementary Table C).

The minimum age of megasequence 1 is supported by the numerous granitoid intrusion ages and
associated metamorphic events across most of the North Atlantic region associated with the
Renlandian Orogeny between ca. 970 and 920 Ma (Fig. 9; Bird et al., 2018; Cawood et al., 2010;
Leslie and Nutman, 2003). An additional older intrusion occurs in the middle of the stratigraphic
package in the Pearya Terrane at 993 + 3 Ma (Estrada et al., 2018). The northwest of Scotland notably
lacks Renlandian-aged granitoids (Fig. 10) in both the Hebridean Foreland (Torridon Group) and
Moine, Naver and Sgurr Beag Nappes (Morar Group). The implication is that the zone of Renlandian
deformation and magmatism was isolated to the northern part of the North Atlantic region (in present-
day coordinates) and was not active further south towards Laurentia (Cawood et al., 2010). In
Scotland, the timing of cessation may be informed by sequence stratigraphic interpretations that
indicate that the Torridon and Morar Groups were deposited in approximately one supersequence each
(Krabbendam et al., 2017), which would last ~50 Myr (Williams, 1993). Considering that deposition
in NW Scotland started at or soon after ca. 1000—990 Ma, and with a depositional timeframe of ~50
Myr, it is plausible that deposition of the Torridon and Morar Groups also ceased between ca. 970 and

920 Ma.
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The detrital zircon cargo is relatively similar across the North Atlantic region for megasequence 1,
both in U-Pb ages (Fig. 10—11) and coupled U-Pb and Hf isotopic data (Fig. 8b, Fig. 12). The
sequences in East Greenland (Krummedal Succession), Svalbard (Isbjernhamna Group, Krossfjorden
Group and Smerenburgfjorden Complex) and Scotland (Torridon and Morar =+ Sleat Groups) are all
relatively similar, dominated by ca. 1.7-1.6 Ga zircon grains with subordinate 1.4—1.3 Ga grains and,
in some cases, significant contributions of ca. 1.0 Ga grains (Fig. 10-11). Meso- to Neoarchean grains
are also present in small but significant quantities in East Greenland and Scotland (Fig. 8b, Fig. 12),
and these are probably locally derived from the North Atlantic Craton (southern Greenland) and
Lewisian Complex (Scotland), respectively (Cawood et al., 2010; Kalsbeek et al., 1993a; Kinny and
Friend, 1997; Kolb et al., 2013). The coupled Hf isotopic record tells a similar story, albeit missing a
portion of the 1.7-1.6 Ga subpopulation that is a dominant component in studies focussed solely on

U-Pb dating (cf. Fig. 8b, Fig. 10).

On the other side of the North Atlantic, the Norwegian Caledonides have similar age populations (Fig.
10) and eHf values (Fig. 8b) to the western North Atlantic but also significant ca. 1.2—1.1 Ga and ca.
1.8 Ga age populations that are not found in such significant quantities in East Greenland, Svalbard
and Scotland. Nevertheless, the Norwegian Caledonides cannot be statistically differentiated from the
rest of the megasequence 1 units on U-Pb and Hf isotopic data (Slagstad and Kirkland, 2017),

showing particular similarities to groups in Scotland (Fig. 12).

The only units with significantly different detrital zircon cargo in megasequence 1 are: (i) from
Shetland (Westing and Yell Sound Groups), which have a primary ca. 1.0 Ga subpopulation and a
Mesoarchean peak that is more significant than other units from megasequence 1, and, (ii) the Sleat
Group, which has a dominant 1.8 Ga subpopulation (Fig. 10-11) and may precede megasequence 1
altogether (Kinnaird et al., 2007; Krabbendam et al., 2017). Other regions such as dredged samples

from the Lomonosov Ridge (Knudsen et al., 2018) and in drill holes in the Norwegian Sea (Slagstad
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et al., 2011) may also be part of megasequence 1 but have poorly constrained stratigraphic context,

and are only included in Table 1 but excluded from Fig. 10-11.

6.3.2 Megasequence 2 (ca. 920-840 Ma)

The second megasequence is thought to be a consequence of rifting of the supercontinent Rodinia (Li
et al., 2008; Lyu et al., 2017; Merdith et al., 2019). Although this extensional episode did not lead to
continental breakup (Olierook et al., 2019a; Preiss, 2000), it facilitated thinning of the lithosphere for
its eventual breakup towards the late Tonian and into the Cryogenian. The maximum depositional age
of megasequence 2 is moderately-well defined by the youngest detrital zircon grains, which were
probably sourced from granitoid intrusions associated with the ca. 970-920 Ma Renlandian Orogeny
(Cawood et al., 2010). The minimum depositional age of megasequence 2 is poorly constrained in
most locations (Fig. 9), except for the presence of 870—840 Ma granitoid intrusions in Scotland
(Friend et al., 1997; Kirkland et al., 2008b; Rogers et al., 1998; Rogers et al., 2001), ca. 840 Ma
intrusions in the Norwegian Caledonides (Kirkland et al., 2006) and potential ca. 900—850 Ma
acritarchs in the Northeast Terrane of Svalbard (Knoll, 1982). Cessation of sedimentation was

probably caused by regional uplift (Dalziel and Soper, 2001; Paulsson and Andréasson, 2002).

Depositional time spans for megasequence 2 are relatively similar across most of the North Atlantic
region, commencing primarily after 920 Ma and probably ceasing by ca. 840 Ma, but perhaps even as
early as ca. 870 Ma (Fig. 9). A cessation of sedimentation by ca. 870 Ma (upper Moine Supergroup) is
indicated in the Moine, Naver and Sgurr Beag Nappes in NW Scotland (Fig. 9; Friend et al., 1997;
Millar, 1999; Rogers et al., 2001). It is possible that deposition started and ceased ~20-30 Myr earlier
in Scotland than in other regions. Such a process would attest to diachronous extension, propagating
from the interior of Rodinia towards outboard peri-Rodinian subduction zones (Li et al., 2008;
Merdith et al., 2017). However, this claim is difficult to substantiate given the poorly-constrained

maximum depositional age of other sequences (Fig. 9).
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Statistical comparison of the provenance signatures in megasequence 2 shows that most of the units
(with the exception of the para-autochthonous Vadse Group) have relatively minor age variation but
systematic differences in eHf data (Fig. 8c, 10, 11). Minor variation in the proportion of late
Paleoproterozoic (1800—1600 Ma) and mid- to late Mesoproterozoic detrital cargo exists, well
highlighted in the MDS plot (Fig. 11). In the Hf isotopic data, the allochthonous nappe samples from
the Sarv and Seray Successions in Norway have consistently higher eHf (average, +3) than those
samples from Scotland and East Greenland (average, —2), resembling the averages of Baltican and
Laurentian magmatic sources, respectively (Fig. 8c). This is also reflected in Fig. 12, where the Sarv
and Sergy Successions are markedly different in terms of Hf isotopic signature from the East
Greenland and Scottish sequences (Nathorst Land and Loch Eil Groups). However, the underlying
successions from Megasequence 1 (Svaerholt Succession, Morar Group, Torridon + Sleat Groups)
also need to be considered; if these are equally different in terms of Hf isotopic signature, then it may
be possible to suggest that there is a dichotomy of sediment sources, with the allochthonous nappe
samples coming from Baltica and the Scottish and Greenland samples originating from Laurentia.
Statistical analysis implies that such a clear distinction is not possible, with the Svaerholt Succession
sharing age and Hf isotope similarities not only with the Sirv and Sergy Successions but also with the
Torridon and Krossfjorden Group from megasequence 1 and the Loch Eil Group from megasequence
2 (Svalbard, Fig. 12). The implication is that assigning clear Baltican or Laurentian sources to

megasequence 2 is equivocal, echoing earlier interpretations (Slagstad and Kirkland, 2017).

6.3.3 Megasequence 3 (ca. 740-635 Ma)

The third megasequence is thought to have developed in response to further rifting of the North
Atlantic region and eventual breakup and opening of the lapetus Ocean in the Ediacaran (Cawood et
al., 2001). It is also concomitant with the broader dismemberment of Rodinia from ca. 750 to ca. 635

Ma (Li et al., 2008; Merdith et al., 2019). The maximum depositional age is difficult to constrain due
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to the paucity of post-840 Ma zircon-bearing crystalline sources (Fig. 9). A lack of contemporaneous
zircon-generating events is typical of extensional environments because felsic rocks are rarely
produced (Cawood et al., 2012). Instead, rift basins incorporate older detritus, either freshly sourced
from terranes (older than 840 Ma in the North Atlantic situation) or recycled from previous
depositional sequences (Barham and Kirkland, in press; Gawthorpe and Leeder, 2000; Olierook et al.,
2019b). Acritarchs in the Lyell Land Group in East Greenland and upper Murchisonfjorden
Supergroup in the Northeast Terrane in Svalbard indicate an early Cryogenian (ca. 720 Ma) onset to
deposition here (Fig. 9) but placing an onset age is difficult for other regions. The minimum
depositional age for megasequence 3 is relatively well-constrained due to the extensive presence of
glacigenic rocks across the region associated with the ca. 650-635 Ma Marinoan glaciation (Bingen et

al., 2005; Halverson et al., 2005; Li et al., 2013).

Megasequence 3 displays a far more varied provenance based on both age (Fig. 10—11) and Hf
isotopic data (Fig. 8d, Fig. 12). Like megasequence 2, there are some geographic distinctions in Hf
isotopic data between sedimentary rocks proximal to Baltica (i.e., Sparagmite Sequence) and those
deposited closer to Laurentia (e.g., Pearya Succession II and Lyell Land Group, Fig. 8d, Fig. 12).
However, this dichotomy is blurred when adding in all other geographic locations in the age spectra;
for example, the Grampian Group in Ireland has a rather similar spectra to the Sparagmite Sequence

(Fig. 10-11).

There is also significant local variation observed in both space and time, particularly notable in the
Scottish and Irish Nappes. For example, the Grampian Groups in Scotland and Ireland have distinct
ca. 1520 and 1680 Ma peaks (Banks et al., 2007; McAteer et al., 2010b), respectively, accounting for
localized differences across relatively short distances (Fig. 10). There are also significant temporally-

distinct differences in the U-Pb record between the Grampian, Appin and Argyll Groups in Scotland,
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and between the Deilegga, Sofiebogen and Kapp Lyell Groups in SW Svalbard (Fig. 10-11), attesting

to evolving sediment sources.

6.4 Implications for tectonic and basin evolution of the North Atlantic region

Megasequences 1 and 2 are characterized by greater homogeneity of detrital zircon age signatures
than megasequence 3, particularly well highlighted on a zircon disparity plot (Fig. 13). This graph
shows that both average distances between nearest neighbours (how close are the most similar
samples to each other in a sample group) and average inter-sample distances (how similar are all the
samples in a sample group to each other overall) are very similar for megasequences 1 and 2, but far

more disparate for megasequence 3, and there are a few possible explanations for this observation.

The overall spatially- and temporally-similar zircon cargo between megasequences 1 and 2 indicates
that their source regions are alike. We explain the low zircon disparity in megasequences 1 and 2 to be
controlled principally by axial sedimentary transport pathways, which allows for the homogenization
of detritus down-stream (Cawood et al., 2003a; Davis et al., 2010; Murphy and Hamilton, 2000). In
megasequences 1 and 2, most sediment appears to be transported axially from south to north (in
present-day coordinates) to deliver Laurentian and potentially Baltican detritus from the Rodinian
interiors to the outer margin and into the Asgard Sea (Friend et al., 2003; Krabbendam et al., 2017).
However, their specific source-to-sink mechanisms are probably significantly different, principally
because megasequences 1 and 2 were deposited in distinct tectonic regimes, namely syn-collisional
(foreland) to syn-extensional (rift) settings, respectively (Cawood et al., 2004; Krabbendam et al.,
2017). In megasequence 1, the detrital zircon population was probably sourced directly from
dominantly Mesoproterozoic crystalline basement in Laurentia (Krabbendam et al., 2017; Spencer et

al., 2015). However, for megasequence 2, there was probably a significant degree of recycling of
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sedimentary rocks deposited during the first megasequence. The evidence for this stems from the
presence of Renlandian-aged material (ca. 950-920 Ma) in megasequence 2 (this study; Bird et al.,
2018; Cawood et al., 2010; Leslie and Nutman, 2003), which implies that granite-intruded rocks of
megasequence 1 were exhumed and recycled into successor, extensional basins of megasequence 2. In
this scenario, megasequence 2 recycled some proportion from megasequence 1 as well as probably
sourcing more primary Laurentian + Baltican material via axial drainage. The paucity of Archean and
Paleoproterozoic material implies that localized older sources (e.g., the Lewisian Gneiss Complex in
Scotland) were not exposed, and that there was insufficient exhumation to erode down to the deep
crystalline basement from the rift margin flanks. The implication of a lack of rift-shoulder detritus for
megasequence 2 is that — despite occurring in an extensional regime — sedimentation kept track with
the generation of accommodation space to minimize relative elevation differences with surrounding

basement (Olierook et al., 2019b; Sircombe and Freeman, 1999).

Between megasequences 2 and 3, there is a significant increase in zircon disparity (Fig. 13). In detail,
megasequence 3 shows: (i) an increased contribution of Archean detritus where Archean basement
provinces are known to be proximal (e.g., Lewisian Complex, Scotland; Archean basement in
northeast Greenland), (ii) a larger proportion of ca. 1.5 Ga material in Svalbard, and (iii) a significant
portion of late Meso- to Neoproterozoic material in parts of the Pearya Terrane, East Greenland,

Svalbard and Shetland (Fig. 11).

The influx of Archean material has previously been attributed to exhumation of proximal crystalline
basement (Cawood et al., 2003b; Glover et al., 1995) or the removal of a distal orographic barrier
between sequences 2 and 3 (i.e., a topographically-high Grenville Orogen; Spencer and Kirkland,
2016). The unroofing model is able to account for the Archean detritus influx in regions where
Archean cratons are proximal. In particular, the proportion of Archean detrital zircon grains increases

after deposition of the first sedimentary group in megasequence 3. For example, the Grampian Group
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in Scotland still has minimal Archean detritus, but the Appin and Argyll Groups have dominant and
significant proportions, respectively. Similarly, in East Greenland, the Lyell Land Group shows
negligible Archean and Paleoproterozoic detritus, but the Moranesg Group in northeast Greenland
shows abundant amounts of basement-derived zircon cargo (Fig. 10). This unroofing process could
also be occurring in other portions of the North Atlantic (e.g., Svalbard, Norwegian Caledonides) but
these simply lack the proximal Archean basement at the time of deposition. As an alternative model,
the removal of a topographically-high Grenville Orogen (sensu stricto) has been attributed to
preventing interior Laurentian detritus (including Archean material) from entering the axial drainage
pathway from Rodinia interior towards the Asgard Sea (Spencer and Kirkland, 2016). Although
removal of a Grenvillian (sensu stricto) orographic barrier could explain the source of Archean and
Paleoproterozoic material, its transport via axial drainage would serve to homogenize the zircon

cargo. Given the higher zircon disparity (Fig. 13), an orographic barrier model is less plausible.

The ca. 1.5 Ga material is thought to be derived from Baltican sources (Gasser and Andresen, 2013;
Ziemniak et al., 2019), and the Neoproterozoic component is probably derived from local sources
rather than via long-distance transport (Estrada et al., 2018; Malone et al., 2014; Slama et al., 2011;
Strachan et al., 2013; Ziemniak et al., 2019). These components are not explained by an unroofing
model, and a more holistic model is needed to explain the zircon disparity across the North Atlantic

during megasequence 3.

To explain all the interbasinal differences in megasequence 3, we invoke a change from shared
circum-Atlantic sediment transport mechanisms in megasequences 1 and 2 (i.e., axial transport) to
more localized and compartmentalized basin formation in megasequence 3. This mechanism
facilitates the localized exhumation of crystalline basement during rift-shoulder uplift (Daradich et al.,
2003; Fitzgerald, 1992), which is able to account for the exposure of Archean and Paleoproterozoic

basement found in Scotland and East Greenland, and the 1.5 Ga basement found in Baltica.
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Compartmentalization also necessitates topographic barriers between (sub-)basins that can, in turn, be
eroded and peneplaned (Sircombe and Freeman, 1999). If these topographic barriers comprise
unroofed crystalline basement (together with recycled sedimentary rocks from Megasequences 1 and
2), then its erosion facilitates the delivery of that crystalline basement from the rift-shoulders to the
basin (Olierook et al., 2019b). It also facilitates the contribution and delivery of uncommon

Neoproterozoic detritus.

The question remains why such a significant change occurred between megasequences 2 and 3.
During extension leading up to continental breakup, it is common for fault-bound sub-basins to
develop (Olierook et al., 2015; Whipp et al., 2014), each of which may have unique transport
mechanisms that disconnect broad-scale source-to-sink pathways and instead promote localized
routing systems (Barham and Kirkland, in press; Gawthorpe and Leeder, 2000; Leeder and
Gawthorpe, 1987; Olierook et al., 2019b). We suggest that much of the disparity observed in
megasequence 3 occurred because Rodinia was disaggregating in the Cryogenian and Ediacaran (Li et
al., 2008; Merdith et al., 2019), yielding distinct sediment transport pathways and compartmentalized

basins.

7 CONCLUSIONS

New zircon U-Pb and Hf isotope data from five metasedimentary samples yield maximum
depositional ages of 936 = 15 Ma (20) that indicate that sampled metasedimentary rocks belong to the
Neoproterozoic Nathorst Land Group (lower Eleonore Bay Supergroup). Intruding granites are
exclusively of Caledonian age at 426 = 1 Ma (20) and contain significant inherited zircon cargo
comparable to the detritus in the host metasedimentary sequences. Detrital zircon age components are
concentrated between ca. 1850 and 920 Ma, with prominent peaks at ca. 1620 Ma, 1450 Ma and 1080

Ma, and additional subpopulations at 2900-2600 Ma (~4%) and 2030-1940 Ma (~2%). Provenance of
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this sedimentary detritus is probably from the East Laurentian margin via axial drainage to East
Greenland. Statistical analyses of detrital zircon data and auxiliary temporal information from the
North Atlantic region affirms the notion that sedimentation occurred in three distinct megasequences:
(1) 1020-950 Ma, as a response to the final collisional phase of the Grenvillian Orogeny (sensu lato),
(2) 920-840 Ma, recording the onset of initial rifting of the North Atlantic and Rodinia in general, and
(3) 740—635 Ma, concomitant with the breakup of Rodinia and ending with the Marinoan glaciation.
The first two megasequences show strong U-Pb and ¢Hf similarities in both space and time across the
North Atlantic. There is a significant increase in detrital zircon age population disparity between the
second and third megasequences, which we propose is associated with regionally distinctive basement
exhumation and depocentre development with independent sediment routing pathways during

continental breakup.
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Figure captions

Fig. 1: Simplified map of the North Atlantic region in an equidistant azimuthal projection, color-
coded for megasequences 1 to 3 and annotated with different Meso- to Neoproterozoic regions
discussed in the text. Laminar color patterns indicate that combinations of megasequence 1, 2 or 3 are
present in the same area but below the resolution of the simplified map. Regional geological maps
simplified for East Greenland (Henriksen and Higgins, 2008; Kalsbeek et al., 2008), Northeast
Greenland (Henriksen and Higgins, 2008), Svalbard (Gasser and Andresen, 2013), Ireland (Chew et
al., 2008; McAteer et al., 2010b), Scotland (Krabbendam et al., 2017; Strachan et al., 2002), Shetland
(Cutts et al., 2009; Strachan et al., 2013), Southern and central Norway—Sweden (Gee et al., 2015;
Gee et al., 2014) and northern Norway (Kirkland et al., 2007; Zhang et al., 2016). Coastline from

Wessel and Smith (1996). Available detrital zircon data are tabulated in Supplementary Table C.
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Fig. 2: Simplified geological map of the Caledonides in East Greenland modified from Henriksen and
Higgins (2008) and Kalsbeek et al. (2008), emphasizing the Tonian and Caledonian granites, and

Meso- to Neoproterozoic outcrops.

Fig. 3: Geological map of Wollaston Forland after mapping at 1:1 000 000 by the Geological Survey
of Denmark and Greenland (GEUS) (Henriksen and Higgins, 2008), showing new sample locations.

Note scale bar is approximate only.

Fig. 4: Graphical representations of the differences between nearest neighbour and inter-sample
distances in MDS space via disparity analysis technique (Barham et al., 2019a). Three examples are
shown, one with high overall scatter, one with low scatter but distinct subpopulations and one with
low overall scatter. Nearest neighbour lines are in pale red. Inter-sample distances are in dashed grey

lines but only shown for one sample.

Fig. 5: Representative cathodoluminescence (CL) images of detrital and magmatic zircon grains from
samples from Wollaston Forland. Scale bar of 100 um in bottom panel is for all zircon grains. Circles
correspond to analytical spot locations. Circle colours correspond to genetic interpretation, used
throughout other figures. Purple = detrital, light blue = youngest detrital grains in sample, red =
inherited, green = metamorphic, yellow = igneous, grey = discordant, black = mixed core—rim
domains. A compilation of all CL images may be found in Supplementary Fig. B. Dates are calculated

from the most precise isotopic ratio. All dates and €Hf(;) uncertainties are labelled at 26 confidence.
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Fig. 6: Tera-Wasserburg inverse concordia plots for each new sample. Square colours as used in Fig.

4.

Fig. 7: Probability density estimate (black lines) and kernel density estimation (red line) of zircon age
populations. Kernel density for samples with <50 analyses used a 50 Ma bin size, whilst samples >50
analyses used the adaptive density approach (Vermeesch, 2012). Number of grains indicates the ratio
of concordant to total analyses. Potential Laurentian source terranes (Cawood and Pisarevsky, 2017;
Gower and Krogh, 2002; Krabbendam et al., 2017 and references therein; Rivers, 1997) include:
North Atlantic/Superior Craton = 2900-2600 Ma, Nagssugtoqidian = 2090—-1940 Ma, Makkovik-
Ketilidian-Rhinnian (MKR) = 1820-1720 Ma, Labrador = 1690—1590 Ma, Pinwarian = 1520—-1380
Ma, Elzevirian = 1300-1210 Ma, Shawinagan = 1200-1130 Ma, Grenville sensu stricto (s. s.) =
1095-980 Ma, Renlandian = 955-900 Ma, Caledonian (460—390 Ma). Baltican sources (Bingen and
Solli, 2009; Korja et al., 2006) include: Loopian = 2900-2600 Ma, Svecofennian & Svecokarellian =
1920-1770 Ma, Transscandinavian Igneous Belt (TIB) = 1850—1760 Ma, Gothian = 1660—1520 Ma,
Telemarkian = 1550-1460 Ma, Hallandian/Danopolonian = 1470-1420 Ma, Sveconorwegian = 1130—
1060 Ma (Arendal phase) and 1050-980 Ma (Falkenberg phase), Caledonian = 470—400 Ma. East
Greenland Sources (Johnston and Kylander-Clark, 2013; Kalsbeek et al., 1993b; Thrane, 2002)
include: Archean basement = ca. 3610 (not shown), 3070-2980 Ma and 2800-2680 Ma,
Paleoproterozoic basement = 2000-1900 Ma, ca. 1750 Ma, Renlandian = 970-920 Ma, Caledonian =

450410 Ma.

Fig. 8: Hf isotopic data for (a) new samples, (b) megasequence 1, (c) megasequence 2, and (d)
megasequence 3. For definition of megasequence units, see Fig. 8. CHUR = chondritic uniform

reservoir. Laurentian and Baltican data from Lamminen (2011), Petersson et al. (2015), Spencer et al.
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(2015) and Slagstad and Kirkland (2017). No Hf isotopic data is available from the Archean and

Paleoproterozoic basement of East Greenland.

Fig. 9: Summary of stratigraphic correlations across the latest Mesoproterozoic and Neoproterozoic in
the North Atlantic region. Maximum depositional ages from detrital zircon references are from Table
1). Lettered references are for all age data types, as follows. Canadian High Arctic, allochthonous
Pearya Terrane—general stratigraphy: (Estrada et al., 2018; Malone et al., 2014), a: zircon U-Pb age
of oldest granite in Pearya Succession I (Estrada et al., 2018); b: zircon U-Pb age of youngest granite
in Pearya Succession I (Malone et al., 2017). Northeast Greenland—general stratigraphy: (Higgins
et al., 2004; Smith et al., 2004a). East Greenland—general stratigraphy: (Senderholm et al., 2008;
Senderholm and Tirsgaard, 1993), ¢: metamorphic rims on Krummedal Succession zircon (Strachan
et al., 1995), d: zircon U-Pb age of oldest granitoids (Kalsbeek et al., 2000; also see Watt et al., 2000),
e: zircon U-Pb age of youngest granitoids (Leslie and Nutman, 2003), f: Cryogenian acritarchs (Vidal,
1976; Vidal, 1979), g: late Cryogenian stromatolites (Bertrand-Sarfati and Caby, 1976). Southwest
Terrane in Svalbard—general stratigraphy: (Dallmann et al., 2015), h: zircon U-Pb age of oldest
granite (Majka et al., 2014), i: zircon U-Pb age of youngest granite (Gasser and Andresen, 2013), j:
EPMA Th-U-total Pb monazite (Majka et al., 2008), k: zircon U-Pb age of pegmatite intrusion (Majka
et al., 2014). Northwest Terrane in Svalbard—general stratigraphy:(Pettersson et al., 2009a), I:
zircon U-Pb age of oldest granites (Pettersson et al., 2009b; Peucat et al., 1989), m: zircon U-Pb age
of gabbro (Peucat et al., 1989). Northeast Terrane in Svalbard—general stratigraphy: (McClelland
et al., 2019), n: youngest detrital zircon grains in (A. N. Larionov in Johansson et al., 2005; Kosteva
et al.; Lorenz et al., 2012), o: zircon and monazite U-Pb ages of volcanics and shallow intrusives
(Johansson et al., 1999), p: zircon and monazite U-Pb ages of augen gneiss and migmatites (Gee and

Nakanishi, 1995; Johansson et al., 2004; Johansson et al., 1999; McClelland et al., 2019), q: possible

Page 54



900-850 Ma and Cryogenian acritarchs in the lower and upper Murchisonfjorden Supergroup,
respectively (Knoll, 1982). Hebridean Foreland, NW Scotland—general stratigraphy:(Krabbendam
et al., 2017). Moine, Naver and Sgurr Beag Nappes, Northwest Scotland—general stratigraphy:
(Cawood et al., 2015), r: Kinny & Strachan (unpublished) of granitic gneiss in Cawood et al. (2010),
s: Garnet Lu-Hf age of Renlandian metamorphism (Bird et al., 2018), t: youngest detrital zircon U-Pb
age from Emery (2005) and Cutts et al. (unpublished) in Cawood et al. (2010), u: zircon U-Pb age of
granitoids (Friend et al., 1997; Rogers et al., 2001), v: zircon U-Pb age of intruding mafic sheets
(Millar, 1999), w: U-Pb age of magmatic zircon rims on Morar Group zircon (Kirkland et al., 2008b),
x: Sm-Nd garnet ages on growth zones within Morar Group (Vance et al., 1998), y: monazite U-Pb
ages of intruding pegmatites (Rogers et al., 1998), z: monazite U-Pb ages of migmatites in the
Glenfinnan Group from Cutts et al. (unpublished) in Cawood et al. (2010), aa: titanite U-Pb age of
regional metamorphism (Tanner and Evans, 2003), ab: titanite U-Pb age of shearing of the Morar
Group (Storey et al., 2004). Grampian Terrane in northwest Ireland and central Scotland—
general stratigraphy: (Prave et al., 2009; Strachan et al., 2002), ac: Zircon U-Pb age of migmatization
within sub-Grampian basement (Highton et al., 1999), ad: monazite U-Pb ages of pegmatites and
mylonites separating sub-Grampian basement and Grampian Group (Noble et al., 1996), ae: Re-Os
age of slate (Rooney et al., 2011). Shetland—general stratigraphy: (Strachan et al., 2013), af: Zircon
U-Pb ages of metamorphic zircon growth in the Yell Sound Group (Jahn et al., 2016), ag: zircon U-Pb
age of metamorphic zircon growth in the Westing Group (Cutts et al., 2009). South and central
Norwegian Caledonides—general stratigraphy: (Bingen et al., 2011; Gee et al., 2015), ah: U-Pb age
of megacrystic granite in the Tarnvika pluton (Prouty, 2014), ai: Zircon U-Pb age of rhyodacitic lava
flow in the lower Seve Nappe Complex (Albrecht, 2000), aj: zircon U-Pb age of granite intrusions
into the Heggmo Terrane (Agyei-Dwarko et al., 2012), ak: zircon U-Pb age of granite intrusions into
the lower Seve Nappe Complex (Paulsson and Andréasson, 2002), al: plagioclase **Ar/* Ar and K-Ar
age of intruding dolerites (Claesson and Roddick, 1983). North Norwegian Caledonides—general
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stratigraphy: (Kirkland et al., 2008a; Rice, 2014), am: zircon U-Pb age for granite that cuts deformed
Svaerholt Succession (Kirkland et al., 2006), an: zircon U-Pb age for granite that cuts deformed
Seray Succession (Kirkland et al., 2006), ao: zircon U-Pb age for syn-deformational leucosome
(Kirkland et al., 2006), ap: zircon U-Pb age for overgrowths on Serey Succession (Kirkland et al.,

2007).

Fig. 10: Kernel density estimates according to groupings and megasequences outlined in Table 1 and

Fig. 8.

Fig. 11: Non-metric multi-dimensional scaling plot based on U-Pb ages of detrital zircon populations,
colour-coded by megasequence (see Fig. 8). Greater distance between points relates to greater
dissimilarity of detrital zircon age populations. Grey circles represent synthetic age populations, with
numbers corresponding to the samples mean age in Ma, drawn from approximate age peaks within a
pooled dataset of all detrital zircon data to help describe the controls of data dispersion. Each

synthetic sample has an uncertainty of + 50 Ma (15) and a population of n = 300.

Fig. 12: Relative sample difference matrix based on both U-Pb age and Hf-model age data of detrital
zircon populations. Relative differences generated in Detzrcr (Kristoffersen et al., 2016), and are
based on overlap of cumulative probability curves incorporating 95% confidence intervals (Andersen
et al., 2016). Full overlap of confidence intervals give a value of 1, thus the differences are colour

coded with grey indicating 1-Overlap > 0.05, white 0 < 1—Overlap < 0.05 and blue 1-Overlap = 0.
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Fig. 13: Zircon disparity (Barham et al., 2019a) between megasequences 1, 2 and 3, illustrating
increasing disparity in terms of both nearest neighbour and inter-sample distances up stratigraphy,

with a particularly large jump from megasequence 2 to 3.

Table 1: Compiled detrital zircon sample localities from the three megasequences in the North
Atlantic region. See Supplementary Table C for full U-Pb and Hf isotope data compilation. Rows
italicized and in grey text are samples not used for statistical comparison because these: (i) comprise
too few grains (n < 20) to yield statistically-useful K-S tests, (ii) have poorly defined stratigraphic
relationships, (iii) are younger than Cryogenian. n of t = number of concordant vs number of total

analyses.

Supplementary Table A: U-Pb and Hf isotopic standard data for the new Wollaston Forland samples.

Supplementary Table B: Compendium of U-Pb and Hf isotopic data for new analyses. For
interpretation of genesis: D = discordant, I = magmatic, M = metamorphic, S = detrital, Y = youngest

detrital, X = inherited/xenocrystic, Z = mixed core-rim.

Supplementary Table C: Compendium of U-Pb and Hf isotopic from the Meso- to Neoproterozoic
North Atlantic region. For interpretation of genesis: D = discordant, I = magmatic, M = metamorphic,

S = detrital, Y = youngest detrital, X = inherited/xenocrystic, Z = mixed core-rim.
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Supplementary Figure A: Cross-plot of 50 (session 1) and 38 um (session 2) duplicate analyses,

illustrating no significant difference in spot sizes.

Supplementary Figure B: Compilation of all CL images for new samples.
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Highlights

e New detrital zircon U-Pb and Hf data from the Nathorst Land Group, East Greenland
¢ New Caledonian granite ages of 426 + 1 Ma
e Detrital zircon U-Pb and Hf isotopic data compiled for Neoproterozoic North Atlantic

e Three megasequences identified with sharp increase in zircon disparity in megasequence
3

e Disparity related to compartmentalization of depocentres with local supply and distinct
sediment routing pathways during continental breakup.
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MDS Visualization
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