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Abstract

Sediment transport pathways fundamentally determines the three-dimensional geome-
try of clastic sedimentary bodies. One way to understand these pathways is to deter-
mine the source of the sedimentary detritus. Sedimentary provenance can be investi-
gated in many ways and in this study absolute radiometric ages of detrital zircon grains
will be used to: 1) fingerprint the potential source materials and 2) investigate Post-
Devonian clastic sedimentary systems on-shore East Greenland to possibly determine
their source areas. The sedimentary successions in East Greenland are direct ana-
logues to potential petroleum reservoir rocks in the North Atlantic.

In this report U-Pb analyses from detrital zircon grains from 85 stream sediments
and 194 sandstone samples will be presented and interpreted. The age distribution
patterns will also be discussed within a palaeogeographic framework, focusing on pos-
sible pathways.

The analysed stream sediment samples are from 70°-79° N. They yield signals
mainly from Archaean and Palaeoproterozoic basement gneisses and granites, Neo-
proterozoic metasedimentary sequences and Caledonian and Devonian igneous rocks.
This pattern may be primary, but may also be the result of reworking of older sediments
with similar sources. Some signals are very influenced by the local geology, e.g. there
is a strong dominance of Caledonian zircon grains in the southernmost part, there is a
persistent influence of Devonian zircon grains in samples from Canning Land and there
is a simple, almost bimodal distribution of ages in samples collected in the basement
regions of the north. However, in large areas of East Greenland the exposed geology is
dominated by Meso- to Neoproterozoic sedimentary successions (the Krummedal,
Smallefjord and Eleonore Bay sequences) and they contribute with a wide range of
Archaean and Proterozoic ages.

The analysed sandstones were deposited from the Neoproterozoic to the Palaeo-
cene. The Neoproterozoic Eleonore Bay Supergroup samples are characterised by a
small, but diverse Archaean population centered around 2800 Ma and Proterozoic
grains with ages between 2000 and 900 Ma, with dominant peaks at 1650 and 1100
Ma. The Cambrian to Permian samples seem to have been sourced from the geologi-
cal units present in East Greenland, mainly metasedimentary units and local Archaean
and/or Proterozoic gneisses in the basement. A small, local Permian basin in the south
of the area has a source area to the east, based on the abundance of Caledonian zir-
con grains. The Early to Middle Triassic samples generally have rather local sources
and Liverpool Land acted as a contributor of detritus. The Jurassic Bajocian samples
all display non-specific age patterns derived from mixed basement gneisses and meta-
sediments. This is possibly in part due to the increase in basin size due to transgres-
sion and therefore a larger catchment. The Jurassic Bathonian samples are more dis-
tinctive with clearly separable source areas. The samples from the Late Jurassic con-
stitute two groups: one with a source area to the south of 72° N and one with a source
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between 74° and 75° N, both groups were probably transported towards east. The Cre-
taceous samples generally have detritus both from basement gneisses and metasedi-
ments. It is possible to see a difference in provenance from samples derived from
south and north of 73° N, based on their basement gneiss signal. In some Cretaceous
samples there are Phanerozoic age populations that cannot be explained by local
Greenland sources. The Palaeocene samples also have a mixed source from Protero-
zoic basement and metasediments.

In Peary Land, the sediments are sourced from older sediments and it is therefore
difficult to pin-point source areas with any accuracy.
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Introduction

The present report is one out of three reports describing the data collected during the
project: "Provenance study of possible reservoir sandstone units in East and North-
East Greenland". This study is carried out under the collaboration agreement regarding
‘Petroleum Geological Studies, Services and Data in East and North-East Greenland’
between GEUS and Sponsoring Oil Companies. The two accompanying reports are:
"Modal heavy mineral distribution and garnet composition patterns in sandstones and
stream sediments from East Greenland north of 70°N" (Keulen 2010) and "Major and
trace element composition of sandstones and stream sediments from East Greenland
north of 70°N" (Knudsen & Steenfelt 2010).

The understanding of sediment provenance and sediment transport routes is a key
element in establishing reservoir presence in clastic petroleum systems. Ultimately the
three-dimensional geometry of reservoir bodies depends on the depositional environ-
ment. Two of the most fundamental concepts contributing to the specific characteristics
of a basin and its infill is, i) the large-scale tectonic framework and ii) the source of the
sediments themselves.

Sediment reflects its source in many ways, not least by the distribution of heavy miner-
als. By studying the composition of a heavy mineral assemblage, many characteristics
of the source region may be discerned. However, a recurring problem with conven-
tional heavy mineral studies is the lack of properties that can be quantified and that are
truly unique.

One heavy mineral is zircon. It is a mechanically and chemically sturdy mineral that is
abundant as a detritus in most sediment. Zircon is widely used for radiometric geo-
chronology to establish absolute ages. It incorporates uranium (U) and thorium (Th)
upon formation, which decays radioactively to lead (Pb) and it is possible to measure
the isotopic composition of individual grains. Detrital zircon grains in sediments hence
potentially reflect the age variation in the source areas. Therefore, to determine the age
profile of a detrital zircon population may be a powerful tool to establish whether or not
a known area is the source of a sediment.

However, there are shortcomings of this method, e.g. when the age structure of the
source regions is poorly known. A robust foundation on extensive and detailed knowl-
edge about the age distribution in the potential source areas is therefore pivotal for a
successful detrital zircon provenance analysis.

The maps presented in this report are all extracted from the GIS database (except Fig.
2). The overview maps are based on Henriksen (2003), with a common legend appear-
ing here in Fig. 3. The detailed maps with profile locations are based on Christoffersen
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& Jepsen (2007); the large legend for these maps is included in the GIS database and
not reproduced here.
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Zircon as a provenance tool

Zircon is a physically and chemically very robust mineral. It is heavy, hard and resistant
to chemical and mechanical weathering and transport processes. It can survive melting
events and metamorphism, it may even resist mantle recycling. However, durability to
breakdown of individual grains is dependent on a number of factors, the most important
being the physical state of the zircon grain itself. In the following, issues relevant for
sedimentary processes and provenance will be discussed.

The most obvious property affecting the survival of a zircon population is shape; long,
slender, needle shaped crystals, typical of more mafic rocks, have lower resistance to
transport than short, stubby crystals or rounded grains. Shape is to some degree de-
pendent on the chemical composition of the magmatic source rock and hence this may
skew the distribution within a population towards rocks with more favourable zircon
crystal shapes. These are often granitic or high-grade metamorphic rather than mafic.

Many rocks contain zircon, from mafic to felsic, low-grade to high-grade metamorphic
rocks and sedimentary rocks. Zircon grains from different rock types may have rather
different properties and this may affect the abundance of a certain group in a given
population. This means that a sample of zircon grains from a particular area may not
be representative of the lithological units of that area. F. ex. ultramafic rocks are almost
devoid of zircon and areas dominated by such rocks will not have a zircon population
representative of the lithocomposition of the area. Orogenic areas may also pose diffi-
culties since old rocks are reworked but may still retain their old zircon distribution,
hardly altered even though the rocks themselves represent a younger event.

Further, zircon is often very abundant in felsic rocks, such as granites, but they are
often uranium-rich and may suffer extensive radiation-induced lattice damages, that is,
they become metamict. Metamictisation weakens the crystal lattice and hence de-
crease the zircon grains durability to mechanical weathering. This may cause fewer
grains to survive transport and although some may survive transport, such grains can-
not be analysed for age data. Moreover, even in rocks with similar composition, the
concentration of zirconium may vary highly and this variable zircon fertility may also
skew the apparent source rock assemblage.

Zircons from rocks of poly-metamorphic, orogenic regions are often difficult to work out.
Even though rocks represent a certain event in the orogenic cycle, the zircon popula-
tions often retain the memory of the protolith in the form of cores in the zircon grains
with differing age. Especially higher U-concentrations in the core may cause the grain
to fracture and the younger part of it may be lost during sediment transport.

Summarising this means that zircon grains in a sediment are often of very good quality,
the ugly and the bad ones were lost on the way. This is positive for analytical reasons
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because the good quality zircon grains are more likely to produce good quality age
data, without disturbances in the isotope systematics. But one shall interpret with cau-
tion because the age populations in a sediment based on zircon grains may produce a
skewed picture of the source areas.

Another complicating factor is that many source areas contain sedimentary and meta-
sedimentary rocks. These may be of different ages and may carry zircon populations of
sources lost since long or they may have been redeposited several times. Because of
zircon durability, scavenged zircon grains from old sediments are probably often a rich
contributor to the detrital zircon population of younger sediments. In this context it is
important to know the zircon age distribution in sedimentary and metasedimentary
rocks from the potential source area.

U-Th-Pb systematics and the Concordia diagram

U-Pb geochronology is based on the radioactive decay of mother isotopes #**Th, #°U
and #*®U to daughters 2°®Pb, *°’Pb, and ?°*°Pb respectively. In addition to the radiogenic
lead isotopes, there is the non-radiogenic ?**Pb, usually denominated “common lead”.
The most utilised way to represent U-Pb data is in the so-called Concordia diagram
(Fig. 1), where the ratio *’Pb/?°U is plotted against the ?°°Pb/?*®U-ratio. The curve
constructed in this way represent age and the curvature is due to the changing propor-
tions of the different uranium and lead isotopes through time, which is caused by the
different decay constants of the two uranium isotopes. Plotting the two U-isotopes
against each other is an internal measure of whether the system has remained closed,
that is if both ratios give the same age, or if the system has been open to diffusion. An
analysis of an undisturbed U-Pb system in a mineral will plot on the Concordia curve
and is called concordant. However, the isotopic system may become disturbed and
such an analysis may plot off the curve. If it plots to the right of curve it is denoted nor-
mally discordant, to the left- reversely discordant. Depending on the method used and
the aim of an investigation, discordant data may have an interest or not. In the case of
provenance analyses, discordant data is usually discarded, except in very special
cases. All ages will be discussed in Mega annum (Ma), which is millions of years.
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Figure 1. Wetherill Concordia diagram showing the characteristics of this plot.

Sample preparation

Rock samples were firstly crushed and milled, whilst stream sediments were sieved
through a 500 ym mesh. To separate zircon and other heavy minerals the samples
were then subjected to a water-shaking table and heavy liquid and magnetic separa-
tion. Zircon grains were then hand-picked under a stereo microscope and care was
taken not to induce a source of error in the form of selectiveness at this stage. About
200 zircon grains from each sample were mounted on double-sided tape prior to cast-
ing into 2,5 cm @ epoxy mounts. When sufficiently hardened, the mount was polished
with a microgranular diamond paste and polished. Overview pictures, mapping the
mounts, were taken of all samples.

LA-SF-ICPMS analyses

Constraining sediment provenance through detrital zircon U-Pb age dating is well es-
tablished and highly successful (Fedo et al. 2003 and references within). An important
breakthrough is the realisation of high throughput micro-beam technologies such as ion
probe or laser ablation (LA) based mass spectrometry, which enables acquisition of
less biased sample suites that cover a greater range (Williams & Claesson 1987; Jack-
son et al. 2004). Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-
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ICP-MS) is particularly promising as it combines low cost and extraordinary speed with
suitable accuracy and precision (Frei et al. 2006). A sample is assumed to reflect the
different source components that fed the sediments, and if different sources have dif-
ferent age structures, their relative contribution can be assessed. In principle, their rela-
tive contribution should be reflected by their relative zircon occurrence in the sediment,
but that assumes equal relative zircon abundances in all the source rocks, that preser-
vation of each zircon contribution is the same and that there is no sampling bias. Such
assumptions are rarely possible to comply with, and the relative zircon age distribution
cannot simply be inverted to represent the relative source contributions. Nevertheless,
the likelihood of identifying an age component in a sample is a function of its relative
presence in the population and the size of the sample (i.e. n dated zircon grains). The
more zircon grains that are analysed in any given sample, the more likely it is that all
present age components are identified. This relationship can be described as

P=(@1-Hn (1)

where P is the probability for finding a particular component in the population, f is the
relative abundance of any given component in the population and n is the number of
dated grains (Dodson et al. 1988). Thus, 117 grains have to be dated for a 95% confi-
dence level that all present components, at 5% or more, are identified in a worst-case
population (Vermeesch 2004). When possible we have been aiming for 200 grains, but
several samples yielded considerably fewer grains.

All U-Pb age determinations reported in this study were done at GEUS in Copenhagen,
Denmark. The analyses were done in situ using a ThermoScientific Element2 Sector
Field Inductively Coupled Plasma Mass Spectrometer (SF-ICP-MS) coupled to a New
Wave Research®/Merchantek® UP213 laser ablation unit that is equipped with a fre-
quency quintupled ND-YAG laser (wavelength of 213 nm).

Samples and standards were mounted in a low-volume ablation cell specially devel-
oped for U-Pb-dating (Horstwood et al. 2003). The laser ablation microprobe uses a
focused laser to ablate a small amount of a sample contained in an air-tight cell. The
ablated material is transferred to the mass-spectrometer in a carrier gas (Argon mixed
with Helium) via Tygon® tubing for analysis.

Most data were acquired using a 30 ym diameter single spot and an ablation time of 30
s, although a shorter ablation time were used for some samples. The result is ablation
crater depths of approximately 15-20 ym, and ablated masses of approximately 65 ng.
The laser was operated at a repetition rate of 10 Hz and a nominal energy output of 45
%, corresponding to a laser fluency of 3.5 J/cm®. The total acquisition time for each
analysis is 75 s with the first 30 s used to determine the gas blank, followed by 30 s of
ablation and 15 s of washout time. The instrument is tuned to give large, stable signals
for the °°Pb and #*®U peaks, low background count rates (typically around 150 counts
per second for ?°’Pb) and low oxide production rates (**®U**0/?*®U generally below 1
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%). °Hg, ?*(Pb + Hg), ®Pb, ?°’Pb, ?®Pb, **Th, #°U and ***U intensities were deter-
mined through peak jumping using electrostatic scanning in low resolution mode and
with the magnet resting at *’Hg. All data were acquired on four peaks per sample with
a sampling and settling time of 1 ms for each isotope. Mass **Hg was measured to
monitor the ***Hg interference on ***Pb where the **Hg/**Hg = 4.36. If necessary,
common Pb corrections were done using the interference and background corrected
2%4ph signal in combination with a model Pb composition (Stacey & Kramers 1975).
The laser induced elemental fractionation was corrected by the intercept method (Syl-
vester & Ghaderi 1997; Kosler & Sylvester 2003) and the instrumental mass-bias on
measured isotopic ratios was corrected through standard sample bracketing using the
GJ-1 zircon (Jackson et al. 2004). Samples were analysed in sequences were an initial
six standards are followed by ten samples, then three standards, followed by ten sam-
ples, three standards, and so on. The Plesovice zircon standard (Aftalion et al. 1989)
has been used as an external reproducibility check, and yield short-term precisions (20
RSD) of 1.5 %, 1.8 % and 1.1 % for the ?°°Pb/?®U, ?’Pb/?°U and **"Pb/*®Pb ratios
respectively (Frei & Gerdes 2009).

The raw data is corrected for instrumental mass bias and laser-induced U-Pb fractiona-
tion through normalisation to the GJ-1 zircon using our in-house software ZIRCHRON.
Data evaluation and presentation is done in Excel spreadsheets and take advantage of
IsoplotEx v. 3.0 (Ludwig 1999) and AgeDisplay (Sircombe 2004). All the results are
stored in the zircon database accessible through the closed website
https://jupiter.geus.dk/xxx.
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Geological background

Crust building episodes

Some periods of Earth’s history are characterised by extensive crustal growth (e.g.
Condie 1998). Magmatic and/or metamorphic rocks of these ages can be found on
almost all cratonic continents. Such ages are therefore bad indicators of provenance
because they are non-conclusive. The Precambrian crust building episodes that are
most important in the North Atlantic region, and on most continents in the world, are as
follows; Late Archaean (2.7-2.5 Ga), Late Palaeoproterozoic (1.9-1.6 Ga) and Early
Neoproterozoic (1.0-0.9 Ga). These are periods with extensive crust formation and thus
formation of rock types that contain zircon.

The most important episodes of crustal reworking important in Greenland, including
high-grade metamorphism and syn-orogenic magmatism, with formation of zircon, oc-
curred during the Early Palaeoproterozoic (~2 Ga) and in the Palaeozoic (0.45-0.35
Ga) Caledonian orogeny (Fig. 2).
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Figure 2. Very simplified overview of major crustal belts in Greenland.
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Regional geological overview

East Greenland forms the western flank of the North-Atlantic rift with Scandinavia as
the conjugate margin. Greenland has a large Archaean domain (Fig. 2) that stretches
from the west to the east coast in the southern part of the continent (Escher & Pulver-
taft 1995). Some of the oldest rocks on Earth reside in Greenland, with gneisses as old
as 3.9 Ga (e.g. Whitehouse et al. 1999; Horie et al. 2010) exposed in the Nuuk area on
the west coast. Some of the Archaean areas present in east Greenland is between 3.0
and 2.7 Ga (Kalsbeek et al. 1993) and is present up to 72,8° N (Thrane 2002). The
Archaean domains were reworked by later tectonometamorphic events and younger
parts amalgamated on their margins. In east Greenland (Fig. 3) juvenile Palaeopro-
terozoic rocks are found to the north of the reworked Archaean craton (Kalsbeek et al.
1993; Tucker et al. 1993). Slightly younger granites intruded subsequently. Little is
known about the evolution between Palaeoproterozoic and the Palaeozoic. In the Pa-
laeozoic, East Greenland constituted the foreland of the Caledonian orogen that
formed due to the collision between Baltica and Laurentia. The northern part of East
Greenland is thus geologically dominated by the 1300 km long Palaeozoic Caledonian
orogenic belt. The allochthonous sheets were thrust on top the Archaean and Palaeo-
proterozoic foreland basement from the south-east towards north-west (Higgins et al.
2004; Higgins & Leslie 2000). The thrust-sheets contain both Palaeoproterozoic or-
thogneisses and Neoproterozoic metasedimentary sequences and the metamorphic
conditions grade from sub-greenschist to granulite and ultra-high-pressure facies, the
latter only in the gneissic basement though, the thrust-sheets contain rocks with a
metamorphic grade up to eclogite and granulite facies. The orogen can be subdivided
into different structural domains, from south to north, that mainly reflect different struc-
tural levels. There are four major regions that will be described in the following.
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The southernmost exposed part of the orogenic belt (Fig. 3) contains thrust-sheets with
abundant migmatitic metasediments correlated with the Neoproterozoic Krummedal
Supracrustal Sequence further north and Caledonian intrusives of different character
(Henriksen 1986, Kalsbeek et al. 2008, Leslie & Nutman 2003, Rehnstrém 2010), but
also a small area with eclogites (Hartz et al. 2005; Augland et al. 2010; Johnston et al.
2010). To the north of this, in the central fjord region, thrust-sheets with Archaean-
Palaeoproterozoic gneisses and Neoproterozoic sedimentary cover rocks (Krummedal
Supracrustal Sequence and Eleonore Bay Supergroup) are intruded by abundant
Caledonian S-type leucogranites (Hartz et al. 2000; Kalsbeek et al. 2001; Strachan et
al. 2001; Andresen et al. 2007). The migmatisation took place in Silurian times and the
resulting leucogranite dykes and plutons have been dated to between 415 and 435 Ma
(e.g. Hartz et al. 2000; 2001; White et al. 2002, Kalsbeek et al. 2001, Strachan et al.
2002; Andresen et al. 2007). Further north there are less thrust-sheets, but instead
high-grade Palaeoproterozoic gneisses reworked in the Caledonian orogeny with
abundant Caledonian eclogite enclaves (Gilotti 1995, Gilotti et al. 2008). The far north
is dominated by exposures of a well-preserved thin-skinned fold and thrust belt (Hig-
gins & Leslie 2008). The thrust-sheets consist of mainly Ordovician-Silurian carbonate
platform rocks.

The area north-wet of the Caledonian orogenic belt is covered by the Meso- to Neopro-
terozoic sedimentary and volcanic successions of the Independence Fjord and Hagen
Fjord Groups and the Zig-Zag Dal Basalt Formation (Sgnderholm et al. 2008).

Devonian basins formed syn-tectonically at high structural levels in response to exten-
sional adjustments and the coarse sediments of the basin infill are partly deformed
(Larsen & Bengaard 1991; Larsen et al. 2008). Undeformed Mesozoic sediments con-
formably overlie parts of the coast and Tertiary basalts totally obscure the Caledonian
foldbelt south of 70° N (Henriksen 2003) (Fig. 3).

Major East Greenland zircon sources and their age characteris-
tics

The ages that are detected in a sediment mainly represent magmatic or high-grade
metamorphic ages, since these are the conditions at which zircon is formed. Therefore
not all geological events in a source region will be visible in the zircon age record. The
zircons may come directly from eroding basement, but older sediments are usually a
substantial source for detrital zircon grains, often yielding much more complex age dis-
tribution patterns. Sediments may also record ages that are not present in the base-
ment, either because the source is gone, tectonically or by erosion, or the sediments
may not have been deposited locally. Below is a presentation of the major zircon
sources in northern East Greenland and their age characteristics.
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Basements gneisses

The basement south of 72,8° N consists of Archaean tonalitic gneisses associated with
paragneisses, amphibolites and ultramafics. They have ages between ca. 2800 and
2700 Ma (Fig. 4) and are locally intruded by granitic rocks with an age of ~2700 Ma
(Thrane 2002, Watt & Thrane 2001). North of 72,8° N, basement gneisses have Palae-
oproterozoic ages, mainly from 2000 to 1800 Ma (Fig. 4), with minor granite forming at
1.75 Ga (Kalsbeek et al. 1993; Brueckner et al. 1998; Thrane 2002; Tucker et al.
1993). In the southernmost part of the study area, there is an occurrence of basement
gneisses in southern Liverpool Land. They have an age of 1650 Ma (Augland et al.
2010; Johnston et al. 2010), which is very different from the rest of the basement in the
area. It has been interpreted as a piece of Norwegian crust amalgamated in the Cale-
donian orogeny (Augland et al. 2010).
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Figure 4. Probability density plot of published in-situ U-Pb zircon age determinations
from Precambrian basement rocks north of 70° N. All ages are £10 % concordant. N=
79. Data from Kalsbeek et al. (1993), Brueckner et al. (1998), Watt et al. (2000),
Thrane (2002) and Leslie & Nutman (2003).

Neoproterozoic metasedimentary units south of 76°N

The thrust-sheets of East Greenland are dominated by the metasedimentary se-
guences of Krummedal, Smallefjord and Eleonore Bay Supergroup (Higgins & Leslie
2008). The Krummedal Sequence and the equivalent Smallefjord Sequence were de-
posited between 1000 and 930 Ma, the upper bracket defined by the youngest detrital
grain and the lower bracket is the age of the oldest intrusions (Kalsbeek et al. 2000).
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These two sequences contain detrital zircons with a range of ages (Fig. 5), most char-
acteristic a more or less evenly distributed population between 1800 and 1000 Ma (Fig.
5), with prominent peaks at 1700-1600 and 1100 Ma. Notably there are very few Ar-
chaean grains. The Eleonore Bay Supergroup is younger and was deposited later in
the Neoproterozoic (e.g. Dhuime et al. 2007). This sequence contains detrital zircon
grains with a similar age range of ages as the Krummedal and Smallefjord Sequences
(Fig. 5), but in addition, an Archaean component between 2900 and 2600 Ga.

A complicating factor is also that parts of the metasedimentary sequence have under-
gone high-grade metamorphic recrystallisation during the Caledonian orogeny. This
has caused some zircon grains to partially re-equilibrate and yield U-Pb results with
mixed age components (Dhuime et al. 2007). The resulting ages are in the Neopro-
terozoic age range.
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Figure 5. Probability density plot of published in situ zircon U-Pb ages from the meta-
sedimentary Krummedal and Smallefjord Sequences and Eleonore Bay Supergroup.
All plotted ages are +10% concordant. Data from Strachan et al. (1995), Watt et al.
(2000) and Dhuime et al.(2007).
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Metasedimentary sequences of northernmost East Greenland

Detrital zircon analyses of Jurassic-Cretaceous sediments from northernmost east
Greenland (Rghr et al. 2008) show a pattern similar (Fig. 6), but not identical, to the
age pattern found in the Krummedal and Eleonore Bay Sequences. There is a multi-
peak population between 3000 and 2400 Ma and another multipeak population be-
tween 2000 and 900 Ma. This latter population contain some more abundant compo-
nents that compose distinct peaks in the cumulative probability plot., namely at 1900,
1850, 1630, 1500, 1300 and 1050 Ma. The peaks at 1850, 1630 and 1050 are the most
prominent. Further there are abundant zircon grains with ages between 500 and 400
Ma, but also occurrences of grains with ages between 900 and 500 Ma, a group that is
completely absent in the Eleonore Bay Supergroup, as well as in younger sediments.
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Figure 6. Probability density plot of published in situ zircon U-Pb ages from Mesozoic
sediments in eastern North Greenland. Data from Rghr et al. (2008).

Neoproterozoic intrusions

The Krummedal Sequence is intruded by a number of Neoproterozoic granites (Watt &
Thrane 2001, Leslie & Nutman 2003). Many of these are augengranites, but there are
also numerous leucogranites. The latter are petrographically and geochemically indis-
tinguishable from Caledonian leucogranites and only contain very minor Neoprotero-
zoic zircon (Kalsbeek et al. 2001). This has posed some problems in determining the
age of the granites and it also has the effect that only minor amounts of detrital zircon
grains with Neoproterozoic age will be present from local sources in the East
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Greenland depositional systems. The ages are between 950 and 930 Ma (Fig. 7) (Watt
& Thrane 2001; Leslie & Nutman 2003) and they may be important as local sources.

Caledonian intrusions

In the East Greenland Caledonides, Palaeozoic syn-orogenic intrusions are common
and the majority of these have a leucogranitic composition (Kalsbeek et al. 2001) and
ages between 435 and 410 Ma (Fig. 7) (see Andresen et al. 2007 and references
therein). These intrusions formed at low temperatures and do not contain very much
zirconium, which means that only small quantities of zircon was produced during the
melt crystallisation event. Practically, this means that the leucogranite intrusions have
been rather difficult to date (Kalsbeek et al. 2001; Andresen et al., 2007) and that the
record of Palaeozoic events have been detected from zircon overgrowths on old
xenocrystic grains. As mentioned above, zircon rims can easily be lost during sedimen-
tary transport and taken together this means that the zircon populations coming from
the leucogranites contain very many ages apart from Caledonian. It also means that
they are not expected to produce large amounts of Palaeozoic zircon grains when
eroded. In fact, the age distribution of xenocrystic zircon grains found in the leu-
cogranites is indistinguishable from the metasedimentary sequences discussed above
and they have also been interpreted to have formed from melting of primarily the
Krummedal and the Smallefjord Sequences (Kalsbeek et al. 2001). In the Scoreshy
Sund area, in the southernmost part of the study area, there is a concentration of calc-
alkaline Caledonian intrusions (Kalsbeek et al. 2008). These are much more readily
dated and some of them contain large amounts of Palaeozoic zircon grains without
cores (Rehnstrom 2010). The ages of these intrusions have ages between 465 and
415 Ma (Leslie & Nutman 2003; Kalsbeek et al. 2008; Rehnstrém 2010).
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Figure 7. Probability density plot of published U-Pb zircon ages from Neoproterozoic
and Palaeozoic intrusions, both in-situ and multigrain fraction data. All ages are +10 %
concordant. Data from Kalsbeek et al. (2000; 2001; 2008), Watt et al. (2000), Strachan
et al. (2001), Leslie & Nutman (2003) and Rehnstrom (2010).

Devonian igneous activity

There are a few minor granitic stocks intruding Lower Devonian sediments (Haller
1976). They are associated with felsic volcanic rocks of probably the same age. These
rocks have not been radiometrically dated but they are around 380 Ma, based on their
intrusive and extrusive relationship with Devonian sediments. These intrusions are
probably no significant zircon source on a regional scale, but may be an important local
contributor.
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Results

This study contains analyses from 85 stream sediments and 194 sandstone samples.
Some of the samples have been analysed twice for statistical reasons and in all there
are 306 samples analysed. Data for all analyses of every sample is included in the data
appendix. Appendix A contains a list of all samples analysed with respect to determina-
tion of the U-Pb isotope systematics of detrital zircon, with all sample information. Ap-
pendix B contains the tabled analytical data for all individual analyses and three plots,
graphically displaying all data for each sample. Data is plotted in two Concordia dia-
grams; one Tera-Wasserburg diagram and one Wetherill Concordia diagram. There is
also a probability density plot for each sample. These plots contain all data without any
filtering. In this section the data in the probability density plots have been filtered so
that only concordant + 10% analyses, with an error in the °°Pb/**®U less than 10% are
included. In the following the results of the U-Pb analyses will be presented and dis-
cussed as stacked probability density plots.

The first section presents the stream sediment samples. Zircon grains from a stream
sediment sample give an instant picture of the age distribution pattern in present time
from a given catchment area and will reflect the bedrock that is exposed today. It is
important to establish the characteristics of the different lithological units present in the
area, to be able to make interpretations of detrital ages from older deposits. The sam-
ples are grouped mainly on the basis of geography and to a lesser degree based on
the geology of the catchment area and plotted as stacked probability plots.

The second section presents the sandstone samples. They are divided into a Pre-
Devonian group and a Post-Devonian group. The rationale behind this division is purely
geological and comes from the fact that the Caledonian orogen formed in the Palaeo-
zoic. Sediments deposited prior to the Caledonian orogen are allochthonous or par-
autochthonous in character and they are included to give a view of the expected age
distribution from these sources, which may be potentially important contributors in
younger sediments. Every sample is represented by a probability density plot and
these are stacked vertically, with the oldest sample at the bottom.
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Recent stream sediments

The stream sediments are divided into groups that are defined in figures 8 and 18 and
in tables 1 and 2. On later data analyses these groups proved not to be optimal and
they are thus redefined in the integrated report (Knudsen et al. in prep.). For discussing
the age characteristics in the different areas the present division is sufficient. The
stacking order in the plots is broadly south to north from the bottom up, but this order is
compromised in some cases. However, this does not affect the individual plots or data
and to a lesser degree the stacked plots.
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Southern part of the study area
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Figure 8. Location of the stream sediment samples from the southern part of the study
area.
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7203612, 7111116A,
Gaseland, Jameson Land , Liverpool Land, A 7502851, 7502852, 7502881,
Milne Land, Radefjord 7502885, 7111109,

7111114B, 7203613

Stauning Alper S 8004072_08, 8004078_06

7910690, 7910691, 7910693,
Lyell Land, Suess Land, Traill @ 8106242, 8106246, 8105181,
7510257_5N, 7510257_5S

8106248, 8106451, 8106463,
Hudson Land 8106466, 8101198 _2,
8101198 2_ 4, 8101198 6

8101199 10, 8101199 3,
Clavering @, Hudson Land, Zackenberg | 8101199 4, 8101198 3,
473739

Table 1. Overview of stream sediment sample groups in the southern part of the project
area.
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Group A

The southernmost group of stream sediments (Fig. 8) consists of nine samples from
Radefjord, Gaseland, Milne Land, Jameson Land and Liverpool Land. They have rela-
tively similar age distribution (Fig. 9), with an inconsistent and variably proportioned
Precambrian population. The Archaean contribution is very small and there are no con-
sistent Proterozoic peaks. The Palaeozoic peak is consistent through the group and is
centred on 430 Ma. The age distribution pattern is consistent with derivation from
Caledonian intrusions and possibly minor contributions from Neoproterozoic meta-
sediments that are present in the sampling area.
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Figure 9. Detrital zircon age distribution pattern for stream sediment group A.
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Group B
Group B consists of seven samples from Nathorst Land and Stauning Alper (Fig. 8)

that display similar age distribution patterns (Fig. 10). Most samples have a minor, but
variably aged Archaean population. All samples have diverse Proterozoic populations
with a maximum peak between 1800 and 1600 Ma. An additional important Proterozoic
peak is at 1100 Ma. Most samples have a Palaeozoic population consistent with the
presence of Caledonian intrusions in the sampling area. The Proterozoic and Ar-
chaean contributions are consistent with a proto-source in Neoproterozoic metasedi-
mentary rocks (see Fig. 5), but this detritus may already have been recycled and the
source may thus be a younger sediment.

Stream Sediments, Group B
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Figure 10. Detrital zircon age distribution pattern for stream sediment group B.
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Group C

This group consists of two samples from the southern Stauning Alper (Fig. 8) with mi-
nor Archaean components and a large population between 1700 and 1600 Ma (Fig.
11). Other large populations that are also consistent between the two samples occur at
1450, 1150, 900, 500 and 450. The general spectra indicate some derivation from me-
tasedimentary sources (see Fig. 5), due to the multitude of ages present. However the
900 and the 450 Ma peaks can be attributed to local igneous sources, more precisely
in the Stauning Alper immediately to the west of the sample locations. The host rock to
the intrusions is high-grade metasediments of the Krummedal Supracrustal Sequence.
The source of the Cambrian grains is unknown.
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00407806070

{n= TE)
2 e
‘B A004072-08
o (n=62)
L
2
(s 8

L

O 200 400 600 800 1000 1200 1400 1600 1600 2000 2200 2400 2500 2600 3000 3200 2400 3600 3600 4000
Age (Ma)

Figure 11. Detrital zircon age distribution pattern for stream sediment group C.
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Group D
This group consists of ten samples from Canning Land, Scoresby Land and Wegener

Halvg (Fig. 8). Theses samples have Archaean and Proterozoic age characteristics
suggesting derivation from metasediments (Fig. 12). This detritus may also be scav-
enged from younger sediments that in turn received detritus from Neoproterozoic me-
tasedimentary rocks (see Fig. 5). The 1650 Ma peak in some of the samples may be
sourced in the local gneisses of southern Liverpool Land, but may as well be of meta-
sedimentary origin. There are multiple peaks in the latest Neoproterozoic and Palaeo-
zoic. The Palaeozoic peaks come from local sources in the form of both Caledonian
intrusions in Liverpool Land and Devonian intrusions at Kap Wardlow in Canning Land.
The Neoproterozoic ages are difficult to interpret but may represent Proterozoic zircon
cores, partially recrystallised in the Palaeozoic.

Stream Sediments, Group D
Only concordant grains plotted (100 £ 10%)
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Figure 12. Detrital zircon age distribution pattern for stream sediment group D.

30 GEUS



Group E

This group consists of seven samples from Lyell Land, Suess Land and Traill @ (Fig. 8)
with rather similar detrital ages (Fig. 13). The bottom sample (7910690) has a very
simple spectrum, but this is probably due to the small number of concordant analyses
obtained from this sample. All other samples have an Archaean population, centred
around 2700 Ma, but with variable proportions of detritus with other Archaean ages. All
samples contain a varied Proterozoic population with principal peaks at 1650 and
1200-1000 Ma. These characteristics are consistent with an initial derivation from the
Neoproterozoic metasediments found in the area (see Fig. 5). Most samples contain a
Palaeozoic population at ca. 420 Ma and three of the samples contain an additional
Devonian peak, ca. 380 Ma. Both these population could be derived from Silurian and
Devonian intrusions present in the area, but they could also come from Post-Devonian
sediments.
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Figure 13. Detrital zircon age distribution pattern for stream sediment group E.
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Group F

This group of samples consists of seven samples from Ymer @ (fig. 8) with a similar
detrital zircon age distribution (Fig. 14). All samples have minor occurrences of Ar-
chaean grains. The three samples from eastern Ymer @ have scattered peaks between
2000 and 900 Ma and a prominent Palaeozoic population. The samples from western
Ymer @ have scattered peaks between 1900 and 1000 Ma and a prominent peak at ca.
1050 Ma. This could resemble a basement derived age population, but the peak in con-
junction with the rest of the complex Proterozoic age pattern is more indicative of deri-
vation from metasediments. The Neoproterozoic Eleonore Bay Supergroup does in
some parts have a very strong signal of 1100-1000 Ma detritus (see Fig. 25). This is
also the rocks exposed in the catchment areas for the streams where the samples
were taken. This also explains the lack of Palaeozoic detritus. The Palaeozoic detritus
in eastern Ymer @ is probably derived from Mesozoic sediments.
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Figure 14. Detrital zircon age distribution pattern for stream sediment group F.
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Group G
This group consists of seven samples from Hudson Land (Fig. 8). They have similar

patterns of Archaean and Proterozoic ages that are consistent with derivation from me-
tasedimentary units (Fig. 15). There are some large Caledonian intrusions in the area
and this is reflected by voluminous Palaeozoic detritus in some samples and nothing in

others.

Stream Sediments, Group G
Only concordant grains plotted (100 + 10%)
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Figure 15. Detrital zircon age distribution pattern for stream sediment group G.
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Group H

This group consists of six samples from Andrée Land and Strindberg Land (Fig. 8).
They contain very few Archaean grains, few Palaeozoic grains and a wide selection of
Proterozoic ages between 2000 and 1000 Ma (Fig. 16). The most important and con-
sistent peak is at ~1100 Ma, which is the most common age population in some of the
metasedimentary units in the area (see Fig. 5, 6 and 25). The rest of the Proterozoic
pattern is also consistent with derivation from metasedimentary unites. The Palaeozoic
zircons come from Caledonian intrusions present in the area or from redeposited
Mesozoic sediments.

Stream Sediments, Group H
Only concordant grains plotted (100 + 10%)
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Figure 16. Detrital zircon age distribution pattern for stream sediment group H.
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Group |
This group consists of five samples from Clavering &, Hudson Land and Zackenberg

(Fig. 8). The four lowermost samples in the plot are similar in that they have an insig-
nificant Archaean component, a varied Proterozoic component with ages between
2000 and 900 Ma and a Palaeozoic population of varying importance (Fig. 17). Two of
the samples display a proportionally important peak at 1950 Ma, which could be a sign
of an increasing influence from the basement gneiss region north of 76° N. The last
sample (from Zackenberg) lacks the Palaeozoic component but has an Archaean com-
ponent instead. This would be consistent with a first-hand derivation from the Protero-
zoic Krummedal Sequence and/or Eleonore Bay Supergroup.
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Figure 17. Detrital zircon age distribution pattern for stream sediment group I.

GEUS 35



Northern part of the study area
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Figure 18. Locations of stream sediment samples from the northern part of the study
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STREAM SEDIMENT SAMPLES

Locality name Area Sample_nr

367513, 367425, 367428,

Dr. Margrethe Il Land, Aa. S. Jensen Land, H.C. An- 367459, 367413, 367444,
dersen Fjelde, Dove Bugt, Dr. Louise Land, Germania J 367491, 367462, 367535,
Land 367528, 367524, 367517,

342523, 342549

342516, 342503, 348221,
K 342558, 348202, 382899,
381159

Penthievre Fjord, Nordmarken, Hertugen af Orléans
Land, Danske @er, Lambert Land

382931, 381356, 381276,

381236, 382722, 382715,

381241, 382682, 382696,
382708, 382946

Lambert Land, Skallingen, Hovgaard @&, Centrum Sg,
Holm Land, Keglen, Pr. Elisabeth Alper, Amdrup L
Land, Rgmer Sg

Table 2. Overview of stream sediment sample groups in the northern part of the project
area.

Group J

This group consists of 13 samples (Fig. 19) from between Dr. Margrethe Il Land and
Germania Land (Fig. 18). One sample (367513) has an anomalous age profile, but this
is most certainly a product of very few concordant analyses from this samples (N=8).
This probably also causes the relative importance of the different components to be
exaggerated. Unlike the other samples this one is taken in a stream with a catchment
area where metasedimentary rocks are exposed in contrast to basement gneisses. All
other samples in the group have one or two principal components in the 2000-1700 Ma
range, most samples have an Archaean population and some scattered Palaeo- and
Mesoproterozoic ages. Ten of the samples have Palaeozoic grains. The signhature
picked up in these samples is indicative of derivation from basement, in this case the
basement region north of 76° N. There is some contribution that most probably comes
from Neoproterozoic metasediments and there are contributions from Caledonian intru-
sions. All known Caledonian intrusions are situated south of this area, but there is evi-
dence of Caledonian high-grade metamorphism that also produced Palaeozoic zircon
(e.g. Gilotti and McClelland 2008).
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Stream Sediments, Group J
Only concordant grains plotted (100 £ 10%)
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Figure 19. Detrital zircon age distribution pattern for stream sediment group J.
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Group K
This group consists of seven samples from the area between Hertugen af Orléans

Land and eastern Lambert Land (Fig. 18), with similar and simple age distribution pat-
terns (Fig. 20). All samples have a varied and minor Archaean component and a
prominent 1950-1900 Ma component. Some of the samples also have 1750 Ma and
Palaeozoic components. The characteristics of this group are consistent with derivation
from Palaeoproterozoic basement gneisses north of 76° N and from Caledonian intru-
sions.

Stream Sediments, Group K
Only concordant grains plotted (100 £ 10%)
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Figure 20. Detrital zircon age distribution pattern for stream sediment group K.
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Group L

This group consists of eleven samples from the northernmost part of the study area
(Fig. 18). Some of the samples (382931, 382722, 382715) have an extremely simple
age profile (Fig. 21), but this is most certainly a product of very few concordant analy-
ses from these samples (N=17, 22, 21). In one case (lowermost sample in plot) this
probably also causes the relative importance of the Palaeozoic population to be over-
exaggerated. All the samples in the group have their principal component in the 2000-
1800 Ma range, most samples have an Archaean population and some scattered Pa-
laeo- and Mesoproterozoic ages. Three of the samples have Palaeozoic grains. The
signature picked up in these samples is indicative of derivation from basement, in this
case the northern basement region. There is some contribution that most probably
comes from Neoproterozoic sediments and from Caledonian intrusions or metamorphic
rocks.

Stream Sediments, Group L
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Figure 21. Detrital zircon age distribution pattern for stream sediment group L.

40 GEUS



Presentation and interpretation of sandstone samples in pro-
files

This section of the results presents sandstone samples within the sections they were
sampled, with the oldest sample at the bottom. Some profiles are long, some are short
and yet others consist of only one sample. Some of the profiles span many strati-
graphic units, whereas others are confined to within a formation or even member. Most
of this information is displayed together with the stacked probability density plots, the
rest can be discerned from the sample information files in Appendix A and on the NE
Greenland web site. The samples are divided into Pre- and Post-Devonian samples.
There is sometimes a discrepancy between the number of samples in the text and of
localities on the maps. This is merely a scale problem, where samples that are col-
lected very close to each other cannot be resolved in the map scale shown. The loca-
tions of the profiles on regional scale are shown in figures 22 and 23 an an overview of
profile locations and sample numbers are presented in tables 3 and 4. The colours on
the maps are referred to the geological map legend in Figure 3.
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East and Northeast Greenland GIS project
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Figure 22. Location of the sandstone sample profiles in the southern part of the study
area. Legend for colours in Figure 3.
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Harefjord 473702
Mestersvig 473714-473718
Segelsallskapet Fjord 473719-473728

Geographical Society @, Tgrvestakken 487762-487766

Haredal, E Wollaston Forland 508723 + 508726-508730

Bastian Dal, W Kuhn @ 508739-508745

Payer Dal East, Kuhn @ 36 508774-508779 + 508783-508784

Table 3. Overview of sandstone profiles and samples in the southern part of the project
area.

5

3

1
10
12
18
14
16
13
35
33
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38
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Peary Land
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Figure 23. Location of the sandstone sample profiles in the northern part of the study
area. Legend for colours in Figure 3.
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Ved Sletten, Kim Fjelde 113471-113474

Ved Sletten, Kim Fjelde 113472-113474

Falkedal Kim Fjelde 113470

Ladegardsaen, Kim Fjelde 47 113460-113463
Table 4. Overview of sandstone profiles and samples in the northern part of the project
area.
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Pre-Devonian sandstone sections

Profile 1: Segelsallskapets Fjord
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(473719-473728)

East and Northeast Greenland GIS project
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Figure 24. Locations of the sampling points of Profile 1.

This profile (Fig. 24) consists of 10 samples of the Neoproterozoic Eleonore Bay Su-
pergroup. There is a very minor population of Archaean grains in most samples, al-
though this population is entirely missing in some samples (Fig. 25). The main popula-
tion stretches from ca. 2000 to 1000 Ma, with slight variations internally. The largest
peak common to all samples is at ca. 1100 Ma, and 1650 Ma appears in many sam-
ples. The spectra seen here coincide with published data from the Eleonore Bay Su-
pergroup (e.g. Dhuime et al. 2007) (see Fig. 5).
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Profile 1: Segelséllskapet Fjord
Only eoncordant grains plotted {100 + 104
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Figure 25. Stacked probability density plots of detrital zircon ages from Profile 1.
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Profile 2: Ella @
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(473707-473711)
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Figure 26. Locations of the sampling points of Profile 2.

This profile consists of five Late Neoproterozoic to Cambrian and Devonian samples.
The two lowermost Precambrian samples have an age distribution reminiscent of the
Eleonore Bay sediments presented above (see Figs. 5 and 25). However, the youngest
sample from the Tillite Group and the Cambrian Kong Oscar Fjord Group sample show
a significant shift towards locally derived basement detritus, with a major peak at 2800
Ma and a minor peak at 1900 Ma. These are the two principal components of East
Greenland Precambrian basement (e.g. Thrane 2002) (see Fig. 4). The Devonian
sample has an age distribution indicating mixed sources, both from older metasedi-
mentary rocks and local basement rocks.
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Profile 2: Ella @
Only eoncordant grains plotted (100 £ 10%)
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Figure 27. Stacked probability density plots of detrital zircon ages from Profile 2.
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Profile 3: Mestersvig
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Figure 28. Locations of the sampling points of Profile 3.

This profile (Fig. 28) contains four Carboniferous samples and one Permian (Fig. 29).
There is a persistent Archaean component, with some surprisingly old zircon grains at
3700-3500 Ma. Such old age are not present locally in East Greenland (e.g. Thrane
2002), but may have been derived from the west or the south. However, as the inland
ice presently covers the internal parts of Greenland, it is not known how large the dis-
tances to these sources are. The main population covers the ages from about 2000 Ma
to 950 Ma. The largest peaks are found between 1800 and 1600 Ma. In addition to the
Precambrian ages, there is also a strong input of Caledonian zircon grains in the Car-
boniferous samples and a minor input in the Permian. The 1000-950 Ma possibly
comes from Neoproterozoic intrusions, some of which can be found in the Stauning
Alper area, to the southwest of Mestersvig. There are no major shifts in the age popula-
tions, and the age distribution pattern is consistent with derivation of the sediments
from the west or southwest. They could be derived from the northwest as well, but this
includes longer transport distances.
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Profile 3: Mestersvig
Only concordant grains plotted (100 x 10%)

Probabili
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Figure 29. Stacked probability density plots of detrital zircon ages from Profile 3.
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Profile 4: Gunnar Andersson Land
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Figure 30. Locations of the sampling points of Profile 4.

This profile (Fig. 30) starts with a Precambrian sample and is followed by six Devonian
samples (Fig. 31). The Precambrian sample has a typical Eleonore Bay signature, with
varied both Archaean and Proterozoic populations (cf. Fig. 5). The two oldest samples
in the profile have an insignificant Archaean population, a strong peak at 1950 Ma and
minor contributions of detritus with variable ages down to 1000 Ma. There is no Cale-
donian population. This age distribution pattern is consistent with a strong contribution
from Proterozoic basement areas and with minor contribution from metasediments. The
folloeing four Devonian samples have a variably frequent Archaean population, but all
samples contain a 2700 Ma population. Zircon grains with ages between 2000 and
1000 Ma are more or less evenly distributed, with an increase between 1800 and 1600
Ma. All these characteristics are the same as the metasedimentary sequences in the
thrust-sheets. In addition the samples have a Palaeozoic population. The two older
samples have an Early Caledonian signature, whereas the two samples from the Cel-
cius Bjerg Fm. have a mid-Caledonian signature. The Early Caledonian signature could
indicate derivation from the southern part of the orogenic belt. The shift from basement
dominated to metasediment dominated age pattern is significant and is most easily
interpreted as a shift in transport direction from northerly to more southern source ar-
eas, since Palaeoproterozoic basement is not present south of ca. 73° N.
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Profile 4: Gunnar Andersson Land
Only concordant grains plotted (100 * 10%)
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Figure 31. Stacked probability density plots of detrital zircon ages from Profile 4.
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Profile 5: Harefjord

Profile 5
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Figure 32. Locations of the sampling points of Profile 5.

This is a coarse-grained Permian conglomerate sample, deposited in a local intra-
montane basin in the southern part of the study area (Fig. 32). It has a small Archaean
component, variably frequent occurrences between 1900 and 1000 Ma (Fig. 33). There

is prominent Palaeozoic population with multiple peaks. A few Neoproterozoic ages are
noteworthy, but difficult to interpret.

Profile 5: Harefjord
Only concordant grains plotted (100 * 10%)
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Figure 33. Stacked probability density plots of detrital zircon ages from Profile 5.

54 GEUS



Post-Devonian profiles

South and East Jameson Land
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Figure 34. Locations of the sampling points of Profiles 6-10
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Profile 6: transect 4

This profile (Fig. 34) consists of one Jurassic samples from the Raukelv Fm. and two
Cretaceous samples from the Hesteelv Fm. (Fig. 35). All samples are similar and have
complex age patterns, with an Archaean population between 3400 and 2400 Ma and a
Proterozoic population between 2000 and 800 Ma. Additionally there is a population
with Palaeozoic ages. All the ages are consistent with a locally present sources in Liv-
erpool Land, in the form of 1650 Ma gneisses, 420 Ma Caledonian intrusions and a
varied metasedimentary source (see Figs. 5 and 7).

Profile 6: South Jameson Land, Transect 4
Only concordant grains plotied (100 £ 10%)

Crefaceous, Scoresby Sund Gr,
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Figure 35. Stacked probability density plots of detrital zircon ages from Profile 6.
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Profile 7: transect 3
This profile (Fig. 34) contains four Jurassic samples. The oldest sample is from the

Reeveklgft Fm., the next from the Gule Horn Fm. and the two youngest of unknown
Fm., but belonging to the Neill Klinter Group as the two previous (Fig. 36). The three
youngest samples are similar with a bimodal distribution of ages at 1650 and 450-400
Ma, but with some scattered minor ages. The oldest sample does not contain propor-
tionally as much of the 1650 Ma component as the other samples and also have more
of other scattered ages. The samples have an age distribution consistent with deriva-
tion from local sources, notably Liverpool Land, but with contribution from metasedi-
mentary sources, especially in the oldest sample. There are metasediments present in
Liverpool Land.

Profile 7: East Jameson Land, Transect 3
Only concordant grains plotted (100 £ 10%)
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Figure 36. Stacked probability density plots of detrital zircon ages from Profile 7.
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Profile 8: transect 2
This profile (Fig. 34) consists of four Jurassic samples from the Reaetelv Fm., the Fos-

silbjerget Fm. and Hareelv Fm. (Fig. 37). The two youngest samples come from the
Hareelv Fm. The oldest sample has a simple bimodal age distribution with a 1650 Ma
and a 420 Ma peak. From the Fossilbjerget Fm. sample and upwards there is drastic
increase in the input from a source with mixed contributions of Archaean and Protero-
zoic ages. This change could be attributed to a change in sediment transport direction
or a palaeotopographic effect. All the ages can be interpreted as locally sourced (e.g.
Johnston et al. 2010; Augland et al. 2010). The oldest sample could have a source in
Liverpool Land and the younger samples would have a proportionally larger input from
metasedimentary sources, possibly to the east.
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Profile 8: East Jameson Land, Transect 2
Only concordant grains plotied (100 £ 108)
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Figure 37. Stacked probability density plots of detrital zircon ages from Profile 8.

Profile 10: transect 6

This profile (Fig. 34) consists of three Upper Triassic-Lower Jurassic samples of the
Innakajik Fm. (Fig. 38). They have a similar and simple bimodal age distribution. The
samples contain two age peaks; one at 1650 Ma and one broader between 460 and

400 Ma. These ages are consistent with derivation from Liverpool Land, thus a trans-
port from the east.
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Probability

Profile 10: East Jameson Land, Transect 6
Only concordant grains plotted (100 + 10%)
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Figure 38. Stacked probability density plots of detrital zircon ages from Profile 10.
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Profile 9: transect 1

The profile (Fig. 34) consists of seven Jurassic samples. The two oldest come from the
Gule Horn Fm., the following four from the Ostreaelv Fm. and the youngest sample
from the Hareelv Fm. (Fig. 39). The five oldest samples are similar and have a simple
bimodal age distribution with one peak at 1650 Ma and one at ~420 Ma. Some of the
Ostreaelv Fm. samples have a more diverse Phanerozoic age population, with both
Carboniferous and Permian ages. The youngest Ostreaelv Fm. sample look like a tran-
sitional sample and in the Hareelv Fm. sample it is evident that there have been
changes in the depositional system, with no signal from the 1650 ma and the 420 Ma
sources, but a more spread out population with scattered peaks between 1800 and 900
ma, with additional minor input of Archaean detritus. All sources seem to be local, in
the older samples from basement and Caledonian intrusions in Liverpool Land and in
the youngest sample with input from a metasedimentary source. This change could be
interpreted as a transgression, flooding the source areas of the older samples or a
change in transport direction from easterly to westerly located sources.
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Profile 9: East Jameson Land, Transect 1
Only concordant grains plotted (100 + 10%)
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Figure 39. Stacked probability density plots of detrital zircon ages from Profile 9.
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North-East Jameson Land

Figure 40. Locations of the sampling points of Profiles 11-12.
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Profile 11: Pelion Mt., transect 17
This profile (Fig. 40) consists of three Jurassic samples from the Ostreaelv, Pelion and

Olympen Fms. (Fig. 41). They have very similar zircon age distribution patterns. There
is a persistent Archaean population centred on 2700 Ma, multi-component occurrences
between 2000 and 1000 Ma, some 950 Ma zircon grains in the youngest sample and a
Palaeozoic population. These samples seem to have local sources, possibly to the
west judging from the abundance of recycled detritus and the 950 Ma zircons coming
from Neoproterozoic intrusions.

Profile 11: Pelion Mt., transect 17 (NE Jameson Land)
Only concordant grains plotied (100 £ 10%)
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Figure 41. Stacked probability density plots of detrital zircon ages from Profile 11.
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Profile 12: Olympen Mt., transect 16

This profile (Fig. 40) contains six samples of Jurassic age (Fig. 42), starting with a Fos-
silbjerget Fm. sample. The other five samples come from the Olympen Fm. The sam-
ples have a similar age distribution pattern and there are no significant shifts in the pro-
file. There is a persistent Archaean population, primarily between 3200-2400 Ma, but
with grains as old as 3700 Ma in one sample. There is a peak between 2000 and 1800
Ma in all samples and the relative proportion of this population seems to increase up-
profile. There is an even distribution of ages between 1800 and 1000 Ma, with an ele-
vated proportion of 1700-1600 Ma zircon grains in some samples. Most samples have
1000-900 Ma old zircon grains and almost all samples have a 430 Ma population and
some samples have an additional population at 380 Ma. All the ages may be explained
with derivation from local sources, except the ca. 3700 Ma grains. The sediments have
a mixed signature from metasediments, basement components and Caledonian and
Devonian igneous activity.
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Profile 12: Olympen Mt., transect 16 (NE Jameson Land)
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Figure 42. Stacked probability density plots of detrital zircon ages from Profile 12.
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Figure 43. Locations of the sampling points of Profiles 14 and 17-18.

Profilel4: Svinhufvud Bjerge, transect 9

The profile (Fig. 43) consists of seven samples of Triassic age from the Wordie Creek
Fm. (Fig. 44). All the samples have a similar and complex age distribution. They all
contain a varied Archaean population together with a population varying between 2000
and 800 Ma. All samples have a significant peak at 1650 Ma and all samples contain
zircon grains with ages between 450 and 400 Ma. All ages can be interpreted to have
local sources, primarily from metasediments (see Fig. 5), perhaps with contribution
from local gneisses in Liverpool Land with an age of 1650 Ma. There is also a large
contribution from Caledonian intrusions. It is most likely with a transport direction from
the south, due to the abundance of Caledonian zircons with a possible origin in Liver-
pool Land.
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Profile 14: Traill @, Svinhufvud Bjerge, Transect 9
Only concordant grains plotted (100 + 10%)
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Figure 44. Stacked probability density plots of detrital zircon ages from Profile 14.
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Profile 17: Svinhufvud Bjerge, transect 8

The profile (Fig. 43) consists of five samples of Mid Jurassic age (Fig. 45). The three
lowermost samples come from the Bristol Elv Fm. and the topmost two from the Pelion
Fm. All the samples have a similar age distribution and all samples contain an Ar-
chaean population together with a metasediment derived population varying between
2000 and 1000 Ma. All samples have a significant peak at 900 Ma and all samples con-
tain zircon grains with ages between 450 and 400 Ma. One sample also contains 350
Ma grains. All ages can be interpreted to have local sources, primarily from metasedi-
ments, but also with contributions from Caledonian igneous activity and in one sample
also Devonian. All the potential sources can be found in Liverpool Land and Canning
Land and it is therefore most likely with a transport direction from the south.

Profile 17: Traill @, Svinhufvud Bjerge_transect 8
Only concordant grains plotted (100 £ 10%)

M. Jurassis, Vardeklall Gr
Pebon Fm., 487733 (n=54)

Pelion Fm., 467732 (n=6E)

|_|'.1. Jurasale, Vardeklah Gr. |

| M Jursssic, Vardakieft Gr
| Bristol Efv Fm., 487731 (n=06)

Probability

M. Jurassic, Vardeklefl Gr
Brigtal Eh Frn., 437730 (re=37)

M. Jurassic, Vardeklaft Gr. |
Bristal Elw Fm., 487729 {n=6G8) |

0 200 400 G000 80D 1000 1200 1400 1600 1600 2000 2200 2400 2500 2800 3000 3200 3400 3600 3800 4000

Age (Ma)

Figure 45. Stacked probability density plots of detrital zircon ages from Profile 17.
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Profile 18: Svinhufvud Bjerge, transect 7

This profile (Fig. 43) contains six Jurassic samples from the Pelion Fm. and two Creta-
ceous samples from the Rold Bjerge Fm. (Fig. 46). The oldest sample is dominated by
a Palaeozoic population with only minor Archaean and Proterozoic input. The second
oldest sample has an important peak at 1950 Ma and otherwise variable, mostly Pro-
terozoic input and a very minor Palaeozoic population. The remaining Jurassic samples
have comparable age spectra, but differing in details. In common they have a persis-
tent component at 1650 Ma and one smaller at 1950 Ma. The youngest Jurassic sam-
ple lacks a Palaeozoic population. The Cretaceous samples are similar to the Jurassic
ones, with variable Archaean and Proterozoic populations and a two-peak Palaeozoic
component. There is a generally larger input of the 1950 Ma component compared to
the 1650 Ma component. There seems to be change after deposition of the oldest
sample so that locally known basement gneisses, aged 1950 Ma and 1650 Ma, are
exposed and subject to erosion. Through the whole profile there is an input from meta-
sedimentary sources and there are contributions from Caledonian intrusions, especially
in the oldest and the two youngest samples.
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Profile 18: Traill @, Svinhufvud Bjerge, Transect 7

Only eoncordant grains plotted (100 £ 10%)
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Figure 46. Stacked probability density plots of detrital zircon ages from Profile 18.
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Figure 47. Locations of the sampling points of Profiles 13, 15-16 and 19.
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Profile 13: Tagrvestakken, transect 13
This profile (Fig. 47) contains five Carboniferous samples of the Traill @ Group (Fig.

48). The age distribution patterns of the different samples are similar. They have an
Archaean component, mainly in the age range of 3000-2400 ma. There is a Proterozoic
component with ages between 1800 and 900 Ma and lastly a Palaeozoic multipeak
component. The Archaean and Proterozoic zircon ages indicate a metasedimentary
source with minor input from known basement sources (see Fig. 4), whereas the Pa-
laeozoic component probably comes from Caledonian intrusive rocks (see Fig. 7).
There is no need to invoke exotic sources for these sediments.

Profile 13: Geographical Society @,

Tervestakken, Transect 13
Only concordant grains plotted (100 * 10%)
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Figure 48. Stacked probability density plots of detrital zircon ages from Profile 13.
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Profile 15: Tarvestakken, transect 12

This profile (Fig. 47) consists of nine Triassic samples from the Wordie Creek Fm. (Fig.
49). All samples are rather similar and have a complex age distribution pattern. There
are minor variable Archaean ages, a Proterozoic component between 2000 and 900
Ma and a variable Palaeozoic input. The Palaeozoic input is waning upwards in the
profile. All age groups are consistent with derivation from local sources, most impor-
tantly from Neoproterozoic metasedimentary rocks and Caledonian intrusions. There
seems to be a negligible input from known basement sources. In the two oldest sam-
ples there are ~650 Ma zircon grains. The source of these is unknown, but zircon
grains with similar ages in North Atlantic drill cores have been speculated to be
sourced in the northern British Isles (Rehnstrém et al. 2007).
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Profile 15: Geographical Society @, Tervestakken, Trans. 12
Only concordant grains plotted (100 £ 109%)
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Figure 49. Stacked probability density plots of detrital zircon ages from Profile 15.
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Profile 16: Tarvestakken, transect 10

This profile (Fig. 47) consists of one Triassic samples from the Wordie Creek Fm. and
four Jurassic samples from the Pelion Fm. (Fig. 50). The Precambrian age distribution
of all the samples is rather similar and complex. There is a minor and variable Ar-
chaean population, a Proterozoic component between 2000 and 900 Ma, notably with
proportionally important peaks at 1650 and 1100 Ma. There is an increasing impor-
tance of a 1900 Ma population in the three youngest samples. The Jurassic samples
have a variable Palaeozoic input, whereas the Triassic sample lacks Phanerozoic detri-
tus. All age groups are consistent with derivation from local sources, most importantly
from Neoproterozoic metasedimentary rocks and Caledonian intrusions. The input from
known basement sources (~1900 Ma, see Fig. 4) seems to be increasing upwards in
the profile and the source of Palaeozoic detritus was not available in the Triassic.

Profile 16: Geographical Society @,
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Figure 50. Stacked probability density plots of detrital zircon ages from Profile 16.

76 GEUS



Profile 19: Tarvestakken, transect 11

The profile (Fig. 47) consists of five samples of Lower Cretaceous age, all from the
Rold Bjerge Fm. (Fig. 51). The samples have a similar age distribution pattern and
there are no indications for any major shift in source area in the profile. All the samples
have an Archaean population, with a distinct peak at ca. 2700 Ma. In all samples there
is discontinuous occurrence of grains with ages between 2500 and 600 Ma with a peak
somewhere between 2000 and 1800 Ma. All the samples also have multiple peaks be-
tween 600 and 100 Ma. The oldest sample has significant peaks at 300 Ma and 125
Ma. The two youngest samples also have distinct peaks at 125 Ma. This age distribu-
tion pattern is unusual and cannot be explained entirely by contribution from local
sources. The Archaean, Palaeoproterozoic and Mesoproterozoic ages can be ex-
plained from local sources in metasediments and basement, but the Neoproterozoic
ages do not have any known equivalents in East Greenland. The Phanerozoic age dis-
tribution is not possible to explain by derivation from local sources. More distal sources
have to be invoked and possibly also contribution from volcanic ash fall out. In off-
shore North Atlantic samples, such diverse ages have been interpreted as detritus
sourced in the northern British Isles (Rehnstrom et al. 2007).
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Profile 19: Geographical Society @, Tervestakken-transect 11
Only concordant grains plotted (100 + 10%)
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Figure 51. Stacked probability density plots of detrital zircon ages from Profile 19.
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Figure 52. Locations of the sampling points of Profiles 20 and 22.
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Profile 20: Gulelv, transect 14 and 15

This profile (Fig. 52) consists of four Triassic samples of the Wordie Creek Fm., three
Jurassic samples of the Vardeklgft Group and three Lower Cretaceous samples of the
Hold with Hope Group (Fig. 53). The Triassic samples have a variable Proterozoic
population with ages between 2000 and 900 Ma and a few Archaean grains. There is a
significant input from a 1950 Ma source and all the Triassic samples contain Palaeo-
zoic zircon grains, although a very minor population in the oldest sample. In the Juras-
sic samples there are again scattered Proterozoic zircon grains, with more prominent
peaks at 1650 Ma and 1150 Ma. There is a smaller population at 1950 Ma and a Pa-
laeozoic population, which however is lacking in the youngest Jurassic sample. The
Cretaceous samples have a minor Archaean population a more significant population
at 1950 Ma and at 1750 Ma. Few and scattered occurrences from other Proterozoic
sources and a persistent Palaeozoic component. There are some evident changes
upward in the profile. There is a metasedimentary source that is decreasing in impor-
tance upwards. The importance of the 1950 Ma basement source is diminishing in the
Jurassic, but returning in the Cretaceous. The 1750 Ma basement source is only pre-
sent in the Cretaceous and the 1650 Ma basement source is mainly important in the
Jurassic. An unusual 1450 Ma peak in the youngest sample has an unknown source.
The Palaeozoic component is of variable importance, but in a non-systematic way.
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Profile 20: Hold with Hope north, Gulelv, Transects 14 & 15
Only concordant grains plotted (100 £ 10%)
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Figure 53. Stacked probability density plots of detrital zircon ages from Profile 20.
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Profile 22: Knudshoved, transect 16, type locality by CASP: 3137

This profile (Fig. 52) consists of two Upper Cretaceous samples of the Home Forland
Fm. (Fig. 54). The samples have a similar Precambrian age distribution and the
younger sample has an additional Palaeozoic peak that is missing in the older sample.
They both have a broad age peak around 2700 Ma, another at ca. 1900 Ma and promi-
nent peak at 1650 Ma. There are scattered peaks down to 900 Ma. These characteris-
tics may be explained by a mixed derivation from local basement and metasedimentary
sources, with some input from younger intrusions. Considering the 1650 Ma-peak in
conjunction with the rest of the Precambrian signature it is possible to invoke a meta-
sedimentary source for those zircon grains (see Fig. 5).

Profile 22: Hold with Hope East , Knudshoved, Transect 16.

(Type locality by CASP: 3137)
Only concordant grains plotted (100 £ 10%)

U. Cretaceous, Hold with Hope Gr.,
Home Foreland Fm.,
Knudshoved - @stersletten Mbr.,
487778 (n=92)

U. Cretaceous, Hold with Hope Gr.,
Home Foreland Fm.,
Knudshoved - @stersletten Mbr.,
487777 (n=115)

Probability

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000
Age (Ma)

Figure 54. Stacked probability density plots of detrital zircon ages from Profile 22.
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Figure 55. Locations of the sampling points of Profiles 24-26 and 30.

Profile 24: Cardiocerasdal, transect 10

The profile (Fig. 55) consists of four Jurassic and three Cretaceous samples. The old-
est sample comes from the Pelion Fm, the next two from the Upper Jakobsstigen Fm.,
the next from the Bernbjerg and the top three samples from the Cretaceous Palnatokes
Bjerg Fm. (Fig. 56). There is some interprofile variation in age distribution, especially
there are some differences in the Bernbjerg Fm. sample and the lowest Palnatokes
Bjerg Fm sample compared to the others. All samples contain a variable Archaean
population and a consistent and important peak between 2000 and 1800 Ma. The three
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lowest samples have a peak between 1700 and 1600 Ma. All samples have grains with
ages down to 1000 Ma and the two above mentioned samples have a significant peak
at 900 Ma. The two samples from the Upper Jakobsstigen Fm. have a Caledonian
population which is not present in the other samples. There are some Palaeozoic zir-
con grains in the Bernbjerg Fm. sample, but there are no Phanerozoic grains in the

Palnatokes Bjerg Fm. All age populations can be explained with derivation from local
sources.

Profile 24: Cardiocerasdal-transect 10 (W Wollaston Forland)
Only concordant grains plotted (100 £ 10%)
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Figure 56. Stacked probability density plots of detrital zircon ages from Profile 24.
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Profile 25: Cardiocerasdal, transect 11

This profile (Fig. 55) consists of four Jurassic samples from the Pelion Fm., the Lower
Jakobsstigen Fm. and two from the Bernbjerg Fm. (Fig. 57). All samples have a similar
distribution of Precambrian ages; scattered Archaean grains and significant multiple
peaks between 2000 and 1600 Ma. The two lowermost samples contain Devonian
grains and the lower Bernbjerg Fm. sample Silurian grains, but the top samples do not
contain any Phanerozoic ages. All the age populations can be explained with derivation
from local sources, predominantly basement, but with some contribution from Palaeo-
ZOoic igneous activity.
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Figure 57. Stacked probability density plots of detrital zircon ages from Profile 25.

Profile 26: Rgdryggen East, transect 13

This profile (Fig. 55) consists of three Jurassic samples of the Bernbjerg Fm. (Fig. 58).
The samples have a similar distribution of ages and there are no major discrepancies
between samples, except that the two youngest samples do not contain Phanerozoic
zircon grains. They contain populations at ca. 2700, 2000, 1650 and 1200-1100 Ma.
There are also scattered ages in between. The oldest sample contains both Silurian
and Devonian zircon grains. The ages can be explained with derivation from local
sources, both from basement and metasediments, with input from Phanerozoic igneous
activity in the oldest sample.
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Profile 30: Rgdryggen, south, transect 12
This profile (Fig. 55) contains only one sample, which is mid-Cretaceous in age(Fig.
58). It has a broad age peak at 2800 Ma, another at ca. 1900 Ma and prominent peak
at 1650 Ma. There are scattered peaks down to 900 Ma and a peak at 430 Ma. These
characteristics may be explained by a mixed derivation from local basement and meta-
sedimentary sources, with some input from younger intrusions. The 1650 Ma peak
could potentially be from some undiscovered basement occurrence, however consider-
ing the 1650 Ma-peak in conjunction with the rest of the Precambrian signature it is not
possible to exclude a metasedimentary source for those zircon grains.

Wollaston Forland, Redryggen
Only concordant grains plotted (100 £ 10%)
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Figure 58. Stacked probability density plots of detrital zircon ages from Profiles 26 and

30.
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Figure 59. Locations of the sampling points of Profiles 27-29.
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Profile 27: Niesen, transect 1
The profile (Fig. 59) consists of three Cretaceous samples from the Lindemans Bugt

Fm. (Fig. 60). The oldest and youngest have a variable Archaean population between
3000 and 2500 Ma. The middle sample only contains a few Archaean grains. All three
samples contain a peak at ca. 1900 Ma and scattered ages down to 900 Ma. The old-
est sample contains Silurian zircons and the middle sample contains Devonian zircons.
All ages present in these samples could have been derived from local sources with
variable input from basement and metasedimentary sources, with some input from

younger igneous activity.

Profile 27: Niesen-transect 1 (NW Wollaston Forland)
Only concordant grains plotted {100 + 10%)
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Figure 60. Stacked probability density plots of detrital zircon ages from Profile 27.
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Profile 28: Niesen, transect 2

The profile (Fig. 59) consists of ten Cretaceous samples. The lowest six samples are
from the Lindemans Bugt Fm. and the upper five samples from the Palnatokes Bjerg
Fm. (Fig. 61). There is a significant change in the age distribution pattern between
sample three and four. All samples contain Archaean grains, in different amounts and
with different peaks in different samples. The three oldest samples have mixed ages
between 1800 and 1000 Ma, in the two oldest samples there are also both Silurian and
Devonian ages. The younger seven samples have an additional large peak at 1900
Ma. Only one of the younger samples has Palaeozoic zircon grains. Apart from these
differences the younger samples have the same characteristics as the older. All the
age populations maybe derived from local sources and there seems to be a shift to-
wards a larger input from the northern basement province in the younger samples, as
evident from the proportionally increasing importance of the ~1900 Ma peak. This is
consistent with a waning input of Caledonian aged zircon grains.
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Profile 28: Niesen-transect 2 (NW Wollaston Forland)
Only concordant grains plotted (100 + 10%)
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Figure 61. Stacked probability density plots of detrital zircon ages from Profile 28.
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Profile 29: Niesen, transect 3

The profile (Fig. 59) consists of five Cretaceous samples, the oldest three from the Lin-
demans Bugt Fm. and the two youngest are Mid-Cretaceous but not assigned a forma-
tion name (Fig. 62). All samples contains a persistent Archaean population from 3100
to 2400 Ma, a significant 1900 Ma-peak and scattered peaks from 1800 to 900 Ma. The
oldest sample contain both Silurian and Devonian ages, the two other Lindemans Bugt
Fm. samples contain a Silurian peak, whereas the Mid-Cretaceous samples do not
contain any Palaeozoic zircon. All the ages present in the samples are probably de-
rived from local sources and they are consistent with derivation from both basement
and metasedimentary sources, with some input from younger igneous rocks in the
lower part of the profile.

Profile 29: Niesen-transect 3 (NW Wollaston Forland)
Only concordant grains plotted {100 + 10%:)
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Figure 62. Stacked probability density plots of detrital zircon ages from Profile 29.
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Figure 63. Locations of the sampling points of Profiles 31-35.

Profile 31: Haredal, transect 7

This profile (Fig. 63) consists of five samples, where the oldest sample is Early Creta-
ceous and the other ones are Palaeocene in age (Fig. 64). All samples have a similar
age distribution pattern and there are no distinct breaks in the source material with
time. All samples have Archaean zircons, but they are very scattered and of very vari-
able ages. All samples also have peaks at ~1900 and 1800-1600 Ma, but in variable
proportions. There are also scattered occurrences of grains with Mesoproterozoic and
Early Neoproterozoic ages. The oldest and the two youngest samples have Devonian
grains. These characteristics are in agreement with mixed basement and metasedi-
mentary sources, perhaps with a relatively strong input from Palaeoproterozoic base-
ment rocks. The 1800-1600 Ma peaks could potentially be from some undiscovered
basement occurrence, however these peaks in conjunction with the rest of the Pre-
cambrian signature it is not possible to exclude a metasedimentary source for those
zircon grains.
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Profile 31: Haredal-transect 7 (E Wollaston Forland)
Only concordant grains plotted (100 £ 10%)
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Figure 64. Stacked probability density plots of detrital zircon ages from Profile 31.
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Profile 32: Haredal, transect 8

The profile (Fig. 63) consists of three Palaeocene samples (Fig. 65). All samples con-
tain a persistent Archaean population from 3100 to 2400 Ma, a significant 1900 Ma-
peak and scattered small peaks from 1800 to 900 Ma. The oldest sample does not con-
tain any Phanerozoic zircon grains, whereas the younger samples contain a Devonian
and a Permian peak respectively. All the ages present in the samples are probably
derived from local sources and they are consistent with derivation from both basement
and metasedimentary sources, with a proportionally more important contribution from
the basement. There is also some input from younger igneous rocks in the upper part
of the profile. The Permian source may represent material exotic to Greenland- no
Permian igneous activity is known from this part of Greenland.

Profile 32: Haredal-transect 8 (E Wollaston Forland)
Only concordant grains plotted (100 2 10%)
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Figure 65. Stacked probability density plots of detrital zircon ages from Profile 32.
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Profile 33: Haredal, transect 6

This profile (fig. 63) consists of one Palaeocene sample (Fig. 66). This sample contains
an Archaean population between 3100-2400 Ma, a significant 1900 Ma-peak and scat-
tered small peaks from 1800 to 1000 Ma. The sample contains a Devonian peak. All
the ages present in the samples are probably derived from local sources and they are
consistent with derivation from both basement and metasedimentary sources, with a
proportionally more important contribution from the basement. There is also some input
from younger igneous rocks.

Profile 34: Haredal, transect 5

This profile (Fig. 63) consists of only one sample of Palaeocene age (Fig. 66). The
sample has Archaean zircons of variable ages. The sample also has peaks at ~1900,
1650, 1500, 1300 and 1100 Ma. There are no Phanerozoic grains in this rock. These
characteristics are in agreement with mixed basement and metasedimentary sources,
perhaps with a relatively strong input from Palaeoproterozoic basement rocks. The lack
of Caledonian aged zircon is consistent with derivation from the northern basement
gneiss area.
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E Wollaston Forland
Only concordant grains plotted (100 + 108
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Figure 66. Stacked probability density plots of detrital zircon ages from Profiles 33 and
34.
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Profile 35: Haredal, transect 4

This profile (Fig. 63) consists of five Palaeocene samples with roughly similar age dis-
tribution patterns (Fig. 67), but with a change in the proportions of different populations
between sample 508727 and 508726. The two oldest samples are very similar, with a
broad peak at ~2600 Ma, a smaller peak at 1900 Ma, a double peak between 1800 and
1600 Ma, a peak at 1150 Ma and scattered peaks in between. The oldest sample also
contains a small Silurian peak. The third sample has a wider range of Archaean aged
grains, a large 1650 Ma and scattered Proterozoic ages down to 800 Ma and a signifi-
cant Siluro-Devonian peak. The two youngest samples are very similar with an Ar-
chaean double-peak at 2700 and 2500 Ma, a large 1900, a significant 1750 and scat-
tered Proterozoic peaks down to 900 Ma. Only the older of the two samples have a
Palaeozoic peak. The patterns seen here are consistent with derivation from local
basement and metasedimentary sources. It is possible that there are signs of input
from the more northern metasedimentary sources as well as basement in the northern
gneiss region.
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Profile 35: Haredal-transect 4 {E Wollaston F’Dﬂﬂl‘ld]
COnly concordant grains plotted (100 £ 10°9%)
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Figure 67. Stacked probability density plots of detrital zircon ages from Profile 35.
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Figure 68. Locations of the sampling points of Profiles 36-38.

Profile 36: Payer Dal east, transect 14

This profile (Fig. 68) consist of eight Jurassic samples, with the oldest sample from the
Muslingebjerg Fm., the next two from the Pelion Fm., one from the Uppermost Pelion
Fm., two from the lower Payer Dal Fm. and the topmost two samples from the Upper
Payer Dal Fm. (Fig. 69). The samples have similar age distribution patterns with no
major changes in age populations. All samples have scattered, but rather variable Ar-
chaean aged grains. All samples have peaks at ~1950 and 1750 Ma of variable size.
All the samples have scattered peaks down to 900 Ma. All samples except the Mus-
lingebjerg and the Uppermost Pelion samples have Palaeozoic zircon grains. These
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characteristics can all be explained by derivation from local sources, in this case mainly
basement, with minor contributions from metasediments and Caledonian rocks.

Profile 36: Payer Dal East, transect 14 (Kuhn @)
Only concordant grains plotted (100 + 10%)
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Figure 69. Stacked probability density plots of detrital zircon ages from Profile 36.
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Profile 37: Payer Dal West, transect 15

The profile (Fig. 68) consists of three Jurassic samples from the Lower Payer Dal Fm.,
the Upper Payer Dal Fm. and the Bernbjerg Fm. (Fig. 70). All samples have a similar
age distribution pattern and there are no major breaks in the source material with time.
All samples have a small and varied, but persistent Archaean population. They have a
strong 1950 Ma peak and a 1750 Ma peak that is dominating the oldest sample, but
has more insignificant proportions in the youngest. All three samples contain scattered
Mesoproterozoic ages and Palaeozoic zircon grains. The age pattern is compatible
with derivation from local basement and metasedimentary sources. Especially the old-
est sample has a very strong basement signature, with a dominating source, probably
from the 1750 Ma granites in the area (Kalsbeek et al. 1993).

Profile 37: P&]EEF Dal WEEE, transect 15 [KU}'II‘I ﬂ]
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Figure 70. Stacked probability density plots of detrital zircon ages from Profile 37.

Profile 38: Bastian Dal, transect 9

The profile (Fig. 68) consists of seven Jurassic samples, one sample from the Bastians
Dal Fm., one from the Muslingebjerg Fm., one from the Lower Payer Dal Fm., two from
the Payer Dal Fm., one from the Upper Payer Dal Fm. and one from the Bernbjerg Fm.
(Fig. 71). There are some differences between samples. All samples contain a small
Archaean population, but it rather insignificant and variable in the four oldest samples,
whereas the two topmost samples contain an increasing peak at 2700 Ma. All samples
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have a 1950 Ma peak, but it is not of proportionally significant size in the three oldest
samples. One or two peaks are present in the age interval between 1800 and 1600 Ma
in all samples, but the 1750 Ma peak is not present at all in the oldest sample. There
are scattered grains of ages down to 900 Ma in all samples and a small Caledonian
population in all samples. The two Payer Dal Fm. samples form a group together with
the Upper Payer Dal sample with a generally stronger basement character in the age
distribution, whereas the rest of the samples show a stronger metasedimentary input,
especially the three oldest samples, where the influence from 1950 Ma basement is
very insignificant.

Profile 38: Bastian Dal-transect 9 (W Kuhn @)
Only concordant grains plotted (100 £ 10%)
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Figure 71. Stacked probability density plots of detrital zircon ages from Profile 38.
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Figure 72. Locations of the sampling points of Profiles 42-47.

Profile 42: Dunken

This profile (Fig. 72) consists of five Triassic samples of the Dunken Fm. (Fig. 73). All
the samples have some differences in the detrital zircon populations. All samples have
a varied Archaean population, mainly with ages between 3000 and 2500 Ma. A 1950
Ma peak is the dominating peak in the oldest sample, but a peak between 1800 and
1600 Ma is dominant in most samples. All the samples have a peak in the abundance
around 1100 Ma. All samples have scattered Proterozoic ages down to 900 Ma. Three
of the samples have a small Palaeozoic age population. All age populations in the
sample can be explained by derivation from local sources, with mixed basement and
metasedimentary sources. It is evident from e.g. the 1100 Ma peak that there is large
input from the northern sedimentary units (see Fig. 6 and Rghr et al. 2008).
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Profile 42: Dunken, Kim Fjelde
Only concordant grains plotied (100 £ 10%)
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Figure 73. Stacked probability density plots of detrital zircon ages from Profile 42.
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Profile 43: Ved Sletten
This profile (Fig. 72) consists of four Triassic samples from the Parish Bjerg Fm. (Fig.
74). They all have roughly similar age patterns. All samples have an Archaean popula-
tion, present as a broad peak centred on 2700 Ma. There is a minor influence of 1950
Ma ages, but a strong influence of a 1650 Ma source. There are scattered occurrences
between 2000 and 900 Ma. All samples have a distinct peak at 950 Ma. The three top
samples have scattered and varied occurrences of few Neoproterozoic to Palaeozoic
grains, between 800 and 400 Ma. This signal is most probably picked up from the
northern sedimentary sequences (see Fig. 6). The overall age distribution pattern is
consistent with derivation from northern sedimentary sources.

Profile 43: Ved Sletten, Kim Fjelde
Only concordant grains plotted (100 2 10%)
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Figure 74. Stacked probability density plots of detrital zircon ages from Profile 43.
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Profile 44: Falkefjeld

The profile (Fig. 72) consists of seven Triassic samples of the Parish Bjerg Fm. (Fig.
75). All the samples have similar age distribution pattern, but do display some internal
variations in the proportions of different populations. All samples have a small Ar-
chaean population, primarily between 2800 and 2600 Ma. They all have a broad multi-
peak component with ages between 2000 and 900 Ma, with distinct peas at 1950,
1650, 1450 and 1000 Ma. The size of these peaks varies between the samples and
there seems to be a growing influence of the 1950 Ma source upwards in the section,
whereas there is a slight decrease in the proportion of 1650 Ma material. All the sam-
ples have scattered Neoproterozoic grains and multiple Caledonian and slightly older
peaks. There does not seem to be any need to invoke non-local sources for these
sediments, they all have mixed sources of local basement and metasedimentary origin
together with some Caledonian input.
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Profile 44: Falkefjeld, Kim Fjelde
Only concordant grains plotted (100 + 10%)
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Figure 75. Stacked probability density plots of detrital zircon ages from Profile 44.
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Profile 45: Falkedal

This profile (Fig. 72) is a single Triassic sample of the Parish Bjerg Fm. (Fig. 76). It has
a broad Archaean peak, centred on 2700 Ma. There are distinct peaks at 1650, 1100
and 950 Ma and smaller occurrences in between 2100 and 900 Ma, but also with some
occurrences in the rare age group between 800 and 600 Ma. The origin of these grains
is unknown There are no Caledonian zircon grains.

Profile 45: Falkedal, Kim Fjelde
Only concordant grains plotted (100 + 10%)
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Figure 76. Stacked probability density plots of detrital zircon ages from Profile 451.

Profile 46: Sgjlerne

This profile (Fig. 72) consists of eight samples of Oxfordian-Valanginian (Jurassic-
Cretaceous) age of the Ladegardsaen Fm. (Fig. 77). All samples contain an Archaean
component and although it looks slightly different between the samples there is a con-
centration of ages around 2800-2700 Ma. The four oldest samples have a convex age
pattern between 2100 and 900 Ma, with more pronounced peaks at 1650, 1500 and
1150 Ma. The younger samples have a flatter profile with distinct peaks at 1850, 1400
and 1100 Ma. This is slightly different than the older samples and suggests a rather
radical shift in sediment source. All samples have Caledonian ages. The age patterns
displayed here can all be explained with derivation from local sedimentary sources (see
Fig. 6), but there is a significant change in populations seen in the profile.
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Profile 46: Sejlerne, Kim Fjelde, Peary Ld.
Only concordant grains plotted (100 + 10%)
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Figure 77. Stacked probability density plots of detrital zircon ages from Profile 46.
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Profile 47: Ladegardsa sletten
This profile (Fig. 72) consists of four samples of Oxfordian-Valanginian age from the
Ladegardsaen Fm. (Fig. 78). The samples have very similar age groups and there are
no changes in the sources through the profile. All samples have an Archaean peak
centred on 2700 Ma. Further, all samples have variable amounts of ages between
2100 and 900 Ma, with distinct peaks at 1650 and 1500 Ma and a broad lower peak at
ca. 1000 Ma. Some of the samples have a few grains with Neoproterozoic ages and all
samples have Caledonian ages. The oldest sample also carries Devonian zircons. The
samples have an age distribution with characteristics from both basement, metasedi-
ments and Palaeozoic igneous activity, but with a proportionally strong input from me-

tasediments.

Profile 47: Ladegardsa sletten, Kim Fjelde
Only concordant grains plotted (100 £ 10%)
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Figure 78. Stacked probability density plots of detrital zircon ages from Profile 47.
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Discussion and Summary

Stream sediments

The stream sediments faithfully reflect the geology exposed in the catchment area of
the sampled streams (Steenfelt & Kunzendorf 1979). Therefore, they offer a valuable

tool for interpretation of detrital zircon age spectra from older sediments (Fig. 79).
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Figure 79. Overview of regions with orthogneisses and magmatic rocks that yield rela-

tively simple ages.
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The southernmost part (Fig. 79) is dominated by Caledonian aged zircon grains, which
is expected given the large number of calc-alkaline intrusions with large amounts of
core-free Palaeozoic zircons. The intrusions are primarily located in eastern Milne
Land, eastern Renland and Liverpool Land. Minor contributions come from the
Krummedal Sequence. The stream sediment group D display the characteristics of this
part, with Caledonian, Devonian and a high proportion of 1650 Ma zircon grains in
some samples, typical of Liverpool Land and Canning Land. The catchment areas of
stream sediment groups E, F, G and H contain metasedimentary units and this is re-
flected in complex age spectra, with varying proportions of the different populations
(see Fig. 5). Some populations are very common in some samples and this seem to
reflect original differences in the stratigraphy of the metasedimentary sequences, e.g.
an increasingly important 1100 Ma peak, which probably stems from erosion of the
Eleonore Bay Supergroup (see sandstone profile 1). The northern stream sediment
sample groups |, J and K reflect the increasing influence of basement rocks primarily
with ages of ca. 1950 Ma and 1750 Ma. In the northernmost group there is a mixed
signal from 1950 Ma basement and sedimentary detritus, probably from the Neopro-
terozoic Rivieradal Group and the Palaeo- to Mesoproterozoic Independence Fjord
Group. From the zircon age data set there is no need to invoke exotic or unknown
sources for the recent stream sediments encountered in northeast Greenland.

Neoproterozoic to Palaeocene sandstones - some general
comments

The Neoproterozoic sandstones have an allochthonous character, they have been in-
terpreted to have been deposited in Pannotian intra-cratonic rift-basins (Sgnderholm et
al. 2008). They retain a zircon memory from their initial source areas that were posi-
tively not Greenland, but has been interpreted to have been located in North America
(e.g. Kalsbeek et al. 2000). The large volumes of the Precambrian metasedimentary
and sedimentary rocks in the area make them large contributors of detrital zircon mate-
rial. This may hamper the interpretations of source regions for the younger sediments
because the signal is rather uniform over large areas and other relevant, but smaller
populations may become obscured. Proportionally large peaks usually point towards
basement sources, but in this case they may indicate an inherited population from
older, scavenged sediment. Therefore the interpretations regarding basement popula-
tions are very conservative and based only on published data, that is, only known
basement populations are considered.

The other over-all factor to influence the age distribution in a specific sediment is of
course what kinds of rock were available for erosion at the time of deposition. This may
for example explain the lack of Devonian aged zircon grains in the Post-Devonian
sediments, because most of the time the locations of these intrusions and volcanic
rocks were flooded.
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Palaeogeographic reconstructions and depositional pathways

In this section, samples with the same age will be presented in a palaeogeographic
framework. Interpretations can be made regarding different or similar sources for sedi-
ments in different areas. Sediments of all ages are not present in all areas and there-
fore not all areas can be compared in every time-slice presented. Some areas have at
some points in time even acted as contributors of detritus instead of being basins. Only
the Post-Devonian sections will be discussed in a time-slice perspective since the Pre-
Devonian sediments sampled in this study are situated in allochthonous thrust-sheets
and originally not deposited in Greenland. The southern and the northern part of the
region will be discussed separately. Black arrows on the reconstructions indicate prob-
able or possible source areas and hence transport directions. The probability density
plots are in black with grey lines that divide for every 1000 million years. The scale for
all the age plots is 0-4000 million years. It is important to remember that rocks that
acted as source material for a sediment at a specific time may not be present today
and the distribution of different lithological units may have been different than today.
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Southern part of the study area

Late Devonian
The late Devonian samples have a signal of mixed basement and metasediments (Fig.

80, see also figs. 4 and 5). There seems to be a larger involvement of Palaeoprotero-
zoic basement than Archaean basement and therefore a derivation from north of 73°N.
The metasediments are indistinguishable Krummedal or Eleonore Bay successions
(see Fig. 5). The Devonian sediments were probably sourced in highland areas to the

west or northwest of where they were deposited.
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Figure 80. Palaeogeographic reconstruction of sedimentary facies in the Late Devonian
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Late Carboniferous to Late Permian

The Late Carboniferous samples yield age spectra indicative of derivation from meta-
sedimentary units (Fig. 81). The northernmost sample also contains Devonian zircon
grains and therefore the specific transport path is drawn from an area where there pos-
sibly were Devonian intrusions exposed at the time. The Permian samples also have a
primary derivation from metasediments. The southernmost sample also has a strong
Caledonian input, which would be consistent with derivation from the east, since there
are no Caledonian intrusives to the west of the sample location.
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Figure 81. Palaeogeographic reconstruction of sedimentary environments in the Late
Carboniferous- Late Permian. The locations of the Late Carboniferous samples are
indicated with solid lines and the Late Permian samples with dashed lines.

GEUS 115



Early Triassic

The two northern Early Triassic samples have a detrital age distribution pattern consis-
tent with derivation from metasediments, basement and Caledonian intrusives (Fig.
82). There is a higher proportion of basement influence in the northernmost sample,
based on the presence of a 1950 Ma peak (see Fig. 4), which is consistent with a loca-

tion closer to the basement areas to the north. The southernmost sample has an age
pattern that could be explained by derivation from Liverpool Land alone, including me-

tasedimentary signals, a 1650 Ma basement peak and Caledonian zircons.
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Figure 82. Early Triassic palaeogeographic map.

116

GEUS



Triassic-Jurassic boundary

The latest Triassic- Middle Jurassic samples are locally derived (Fig. 83). The two
southern samples are derived from the southern part of Liverpool Land, based on the
occurrence of a 1650 Ma basement peak (occurs only in southern Liverpool Land) and
a Caledonian peak. The northern sample lacks the 1650 peak and has various other
Proterozoic and Archaean ages instead, which indicate derivation from metasediments.
In conjunction with the Caledonian grains this indicates a derivation from the northern
part of Liverpool Land.
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Figure 83. Palaeogeographic map Latest Triassic-Early Middle Jurassic depositional
environments.
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Middle Jurassic (Late Bajocian)
The Middle Jurassic sediments have zircon age characteristics of Krummedal Se-

quence and the Eleonore Bay Supergroup, but also with influence from both Archaean
and Proterozoic basement (Fig. 84). They also contain Caledonian zircons, except one
sample. The age distribution found in these samples is so non-distinctive that it is diffi-
cult to suggest specific transport directions except generally eastwards.
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Figure 84. Palaeogeographic map of Middle Jurassic depositional environments.
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Middle Jurassic (Late Bathonian)
The three northern samples have non-distinctive age profiles with influences from

Krummedal, Eleonore Bay, Caledonian granites and Palaeoproterozoic basement (Fig.
85). They probably have a large catchment and consist of thoroughly mixed sediments.
The same is true for sample 508791, but it also has an Archaean basement compo-
nent, together with Krummedal and Caledonian ages.
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Figure 85. Palaeogeographic map of Middle Jurassic depositional environments.
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Late Jurassic
These samples fall in two groups; a northern group dominated by basement ages (see

Fig. 4) of ca. 1950 and 1750 Ma (Fig. 86). In sample 508771 there is larger component
derived from metasediments, but the other three are almost exclusively sourced in
basement areas. The southern group also has a large basement component, but with
Archaean ages. The diverse Proterozoic populations are consistent with derivation
from Krummedal metasediments (see Fig. 5) or reworked Krummedal.
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Figure 86. Palaeogeographic map of Late Jurassic depositional environments.
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Jurassic-Cretaceous boundary

The northern samples have age spectra indicative of derivation from metasediments
(see Fig. 5), probably Krummedal (Fig. 87). In sample 508722 there is a larger popula-
tion of 1950 Ma basement and in sample 508761 there is an additional Caledonian
population. This indicates derivation from the north. It could have been derived from the
west also, but this area lacks Caledonian intrusions. The sample from Jameson Land
has Archaean basement components, Krummedal components and a Caledonian
population, consistent with derivation from the west.
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Figure 87. Palaeogeographic map of depositional environments at the Jurassic-
Cretaceous boundary.

GEUS 121



Mid Cretaceous

The Mid-Cretaceous samples have overall rather non-distinctive age patterns (Fig. 88).
There are metasediment derived zircon grains of different ages in different proportions,
with or without additional populations, such as basement derived or Caledonian. The
exception is sample 487750, which has an unusual age composition consisting of dis-
tinct peaks at 2700 and 1900 and a varied and exceptionally young Phanerozoic popu-
lation. The Precambrian ages could be derived from the basement, the Caledonian and
Devonian zircons could also be accounted for locally, but the youngest zircons are Ju-
rassic and there is no known source for Jurassic zircons in East Greenland. This detri-
tus has to come from somewhere else.
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Figure 88. Palaeogeographic map of depositional environments in Mid-Cretaceous
time.
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Palaeocene
The Palaeocene samples have overall rather non-distinctive age patterns (Fig. 89).

There are metasediment derived zircon grains of different ages in different proportions,
with or without an additional basement population. None of the samples contain Cale-
donian zircon grains (but it should be noted that other samples from Palaeocene pro-
files in this area do contain some Caledonian grains). The sediments were probably
derived from the west or northwest.

Paleocene (pre-basaltic)
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Figure 89. Palaeogeographic map of depositional environments in Palaeocene time.
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Northern part of the study area

Early Triassic

The Triassic samples from Kim Fjelde in Peary Land have an age composition that
reflects reworking from an older metasediment (Fig. 90). The age distribution is
strongly reminiscent of that determined from sediments of these parts by Rghr et al.
(2008). Additionally there are some Palaeozoic zircon grains. Their origin is uncertain.

Early Triassic

‘ | || || 113476
| 113465

100 km

Figure 90. Palaeogeographic map of depositional environments in Early Triassic time in
northernmost East Greenland.
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Jurassic-Cretaceous boundary

The samples from the Jurassic-Cretaceous boundary in Peary Land have an age com-
position that reflects reworking from an older metasediment, with some addition from
basement (Fig. 91). The age distribution is strongly reminiscent of that determined from
sediments from these parts by Rghr et al. (2008). Additionally there are some Palaeo-
zoic zircon grains. Their origin is uncertain.
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Figure 91. Palaeogeographic map of depositional environments from the Jurassic-
Cretaceous boundary in northernmost East Greenland.
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Appendix A

Sample information table



Gaseland E A 7203612 -26,558139 70,30902 stream sediment

Gaseland W A 7111116A -28,397351 70,03244 stream sediment 17
Jameson Land E A 7502851 -22,978474 71,75169 stream sediment 17
Jameson Land S A 7502852 -22,744796 70,86855 stream sediment 17
Liverpool Land N A 7502881 -22,383427 71,1703 stream sediment 17
Liverpool Land N A 7502885 -22,384801 71,24798 stream sediment 17
Milne Land S A 7111109 -25,932382 70,66707 stream sediment 17
Milne Land S A 7111114B -25,85315 70,6187 stream sediment 17
Redefjord A 7203613 -28,327598 70,67063 stream sediment

Stauning Alps S 8004072_08 793955 71,35951 stream sediment
Stauning Alps S 8004078_06 41155 71,4153 stream sediment

Lyell Land E 7910690 -25,73343  72,45493 stream sediment

Lyell Land E 7910691 -25,864713 72,4332 stream sediment 17
Lyell Land E 7910693 -25,844275 72,43412 stream sediment 17
Lyell Land E 8106242 -25,22587 72,69537 stream sediment 17
Lyell Land E 8106246 -25,141726 72,71681 stream sediment 17
Suess Land E 8105181 -25,000038 73,02026 stream sediment 17
Traill @ W E 7510257_5N | -23,485561 72,66546 stream sediment 17
Traill g W E 7510257_5S | -23,485561 72,66546 stream sediment

Hudson Land E G 8106248 -22,516684 73,70752 stream sediment

Hudson Land E G 8106451 -22,468381 73,70239 stream sediment

Hudson Land E G 8106463 -22,507032 73,70285 stream sediment 17
Hudson Land E G 8106466 -22,421692 73,70506 stream sediment 17
Hudson Land E G 8101198_6 | -22,708093 74,06334 stream sediment 17
Hudson Land E G 8101198_6 | -22,708093 74,06334 stream sediment 17
Hudson Land W G 8101198_2 | -23,552758 74,02794 stream sediment 17
Hudson Land W G 8101198_2_4| -22,974909 74,06842 stream sediment 17
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Clavering @ 8101199_10 | -20,795795 74,33485 stream sediment
Clavering @ 8101199_3 -21,292343 74,13058 stream sediment
Clavering @ 8101199_4 -21,28177 74,12876 stream sediment
Steno Land 8101198 3 | -23,335874 74,0842 stream sediment
Zackenberg 473739 -20,603 74,460 stream sediment

Penthievre Fjord 342516 -19,15457 77,5478 stream sediment
Penthievre Fjord 342503 -19,672779 77,61847 stream sediment
Nordmarken 348221 -20,354031 77,83583 stream sediment
Hertugen af Orléans Land 342558 -22,03105 77,91211 stream sediment
Danske @er 348202 -19,633829 78,26245 stream sediment
Lambert Land 382899 -19,717979 79,17462 stream sediment
Lambert Land 381159 -19,545601 79,27405 stream sediment
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Harefjord 473702

Mestersvig 473716
Mestersvig 473718
Mestersvig 473717
Mestersvig 473715
Mestersvig 473714

Segelséllskapet Fjord 1 473727
Segelsallskapet Fjord 1 473726
Segelséllskapet Fjord 1 473728
Segelsallskapet Fjord 1 473725
Segelséllskapet Fjord 1 473724
Segelsallskapet Fjord 1 473723
Segelséllskapet Fjord 1 473722
Segelsallskapet Fjord 1 473721
Segelséllskapet Fjord 1 473720
Segelsallskapet Fjord 1 473719
East Jameson Land_Transect 1 9 487707
East Jameson Land_Transect 1 9 487706
East Jameson Land_Transect 1 9 487705
East Jameson Land_Transect 1 9 487704
East Jameson Land_Transect 1 9 487703
East Jameson Land_Transect 1 9 487702
East Jameson Land_Transect 1 9 487701
East Jameson Land_Transect 3 7 487715
East Jameson Land_Transect 3 7 487714
East Jameson Land_Transect 3 7 487713
East Jameson Land_Transect 3 7 487712
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70,615
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320
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sandstone
sandstone
sandstone
sandstone
sandstone

sandstone
sandstone
sandstone
sandstone
sandstone
sandstone
sandstone
sandstone
sandstone
sandstone

sandstone
sandstone
sandstone
sandstone
sandstone
sandstone
sandstone

sandstone
sandstone
sandstone
sandstone
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Carboniferous
Carboniferous
Carboniferous
Carboniferous

Precambrian
Precambrian
Precambrian
Precambrian
Precambrian
Precambrian
Precambrian
Precambrian
Precambrian
Precambrian

Jurassic
Jurassic
Jurassic
Jurassic
Jurassic
Jurassic
Jurassic

Jurassic
Jurassic
Jurassic
Jurassic

Oxfordian/Kimmerigdian
Toarcian

Toarcian

Toarcian

Pliensbachian
Pliensbachian
Pliensbachian

Pliensbachian
Pliensbachian
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Olympen

Olympen mt., transect 16 (NE Jameson Land) 508789 sandstone |Jurassic Vardeklgft

Olympen mt., transect 16 (NE Jameson Land) 12 508798 -23,580 71,406 845 sandstone |Jurassic Vardeklgft Olympen Hades 11
Olympen mt., transect 16 (NE Jameson Land) 12 508790 -23,580 71,406 845 sandstone |Jurassic Vardeklgft Olympen Hades 11
Olympen mt., transect 16 (NE Jameson Land) 12 508793 -23,579 71,406 789 sandstone |Jurassic Vardeklgft Olympen Athene 11
Olympen mt., transect 16 (NE Jameson Land) 12 508794 -23,579 71,406 789 sandstone |Jurassic Vardeklgft Olympen Athene 11
Olympen mt., transect 16 (NE Jameson Land) 12 508791 sandstone |Jurassic Vardeklgft Fossilbjerget 10

Olympen mt., transect 16 (NE Jameson Land) 508792 sandstone |Jurassic Vardeklgft Fossilbjerget

Traill @, Svinhufvud Bjerge_transect 7 487723 sandstone |Cretaceous Albian Rold Bjerge

Traill @, Svinhufvud Bjerge_transect 7 18 487724 -23,294 72,450 1065 sandstone |Cretaceous Albian Rold Bjerge 14
Traill @, Svinhufvud Bjerge_transect 7 18 487725 -23,296 72,451 960 sandstone [Jurassic Bathonian Vardeklgft Pelion 9
Traill @, Svinhufvud Bjerge_transect 7 18 487726 -23,296 72,451 900 sandstone |Jurassic Bathonian Vardeklgft Pelion 9
Traill @, Svinhufvud Bjerge_transect 7 18 487727 -23,297 72,453 865 sandstone [Jurassic Bathonian Vardeklgft Pelion 9
Traill @, Svinhufvud Bjerge_transect 7 18 487728 -23,299 72,454 800 sandstone |Jurassic Bathonian Vardeklgft Pelion 9
Traill @, Svinhufvud Bjerge_transect 7 18 487722 sandstone |Jurassic Bathonian Vardeklgft Pelion 9
Traill @, Svinhufvud Bjerge_transect 7 487741 sandstone |Jurassic Bajocian Vardeklgft Pelion 9

Geographical Society @, Tgrvestakken-tr 10 487742 sandstone |Jurassic Bajocian/Bathonian Vardeklgft Pelion 9
Geographical Society @, Tgrvestakken-tr 10 16 487743 sandstone |Jurassic Bajocian/Bathonian Vardeklgft Pelion 9
Geographical Society @, Tgrvestakken-tr 10 16 487744 -23,081 72,953 335 sandstone |Jurassic Bajocian/Bathonian Vardeklgft Pelion 9
Geographical Society @, Tgrvestakken-tr 10 16 487745 sandstone |Jurassic Bajocian/Bathonian Vardeklgft Pelion 9
Geographical Society @, Tgrvestakken-tr 10 487746 sandstone |Triassic Griesbachian Wordie Creek 5

Traill @, Svinhufvud Bjerge_transect 9 487734 -23,235 72,460 sandstone |Triassic Griesbachian Wordie Creek Svinhufvud Bjerge 5
Traill @, Svinhufvud Bjerge_transect 9 14 487735 -23,361 72,454 1180 sandstone |Triassic Griesbachian Wordie Creek Svinhufvud Bjerge 5
Traill @, Svinhufvud Bjerge_transect 9 14 487736 -23,361 72,454 1150 sandstone |Triassic Griesbachian Wordie Creek Svinhufvud Bjerge 5
Traill @, Svinhufvud Bjerge_transect 9 14 487737 -23,366 72,456 1125 sandstone |Triassic Griesbachian Wordie Creek 5
Traill @, Svinhufvud Bjerge_transect 9 14 487737b -23,353 72,458 1075 sandstone [Triassic Griesbachian Wordie Creek 5
Traill @, Svinhufvud Bjerge_transect 9 14 487739 -23,352 72,459 1045 sandstone |Triassic Griesbachian Wordie Creek 5
Traill @, Svinhufvud Bjerge_transect 9 487740 -23,366 72,459 sandstone [Triassic Griesbachian Wordie Creek 5
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Hold with Hope East , Knudshoved -Transect 16 22 487778 -20,543 73,707 21 sandstone |Upper Cretaceous Hold with Hope Home Forland Knudshoved - @stersletten
Hold with Hope East , Knudshoved -Transect 16 22 487777 -20,542 73,707 21 sandstone |Upper Cretaceous Hold with Hope Home Forland Knudshoved - @stersletten

Hold with Hope North, Gulelv-transect 15 20 487776 -21,157 73,919 761 sandstone |Triassic Wordie Creek 5
Hold with Hope North, Gulelv-transect 15 20 487775 -21,160 73,920 751 sandstone [Triassic Wordie Creek 5
Hold with Hope North, Gulelv-transect 15 20 487774 -21,215 73,933 150 sandstone |Triassic Wordie Creek 5
Hold with Hope North, Gulelv-transect 15 20 487773 -21,201 73,932 217 sandstone [Triassic Wordie Creek 5
Haredal-transect 4 (E Wollaston Forland) 35 508723 -19,361 74,344 428 sandstone |Paleocene 15
Haredal-transect 4 (E Wollaston Forland) 35 508726 -19,360 74,344 423 sandstone |Paleocene 15
Haredal-transect 4 (E Wollaston Forland) 35 508727 -19,360 74,344 420 sandstone |Paleocene 15
Haredal-transect 4 (E Wollaston Forland) 35 508728 -19,359 74,346 372 sandstone |Paleocene 15
Haredal-transect 4 (E Wollaston Forland) 35 508729 -19,359 74,346 372 sandstone |Paleocene 15
Haredal-transect 4 (E Wollaston Forland) 508730 -19,357 74,347 332 sandstone |Paleocene

Haredal-transect 6 (E Wollaston Forland) 508725 -19347 74343 417 sandstone

Haredal-transect 7 (E Wollaston Forland) 31 508738 -19,324 74,349 235 sandstone |Paleocene

Haredal-transect 7 (E Wollaston Forland) 31 508737 -19,307 74,349 178 sandstone |Paleocene 15
Haredal-transect 7 (E Wollaston Forland) 31 508736 -19,291 74,346 130 sandstone |Paleocene 15
Haredal-transect 7 (E Wollaston Forland) 31 508735 -19,291 74,346 130 sandstone |Paleocene 15
Haredal-transect 7 (E Wollaston Forland) 31 508731 -19,329 74,348 58 sandstone |Lower Cretaceous 14
Niesen-transect 3 (NW Wollaston Forland) 29 508717 -20,484 74,627 558 sandstone |middle Cretaceous 14
Niesen-transect 3 (NW Wollaston Forland) 29 508716 -20,484 74,627 558 sandstone |middle Cretaceous 14
Niesen-transect 3 (NW Wollaston Forland) 29 508715 -20,495 74,630 325 sandstone |Cretaceous Wollaston Forland Lindemans Bugt 12
Niesen-transect 3 (NW Wollaston Forland) 29 508714 -20,475 74,630 297 sandstone |Cretaceous Wollaston Forland Lindemans Bugt 12
Niesen-transect 3 (NW Wollaston Forland) 29 508713 -20,475 74,630 297 sandstone |Cretaceous Wollaston Forland Lindemans Bugt

Niesen-transect 1 (NW Wollaston Forland) 508705 -20,580 74,652 134 sandstone |Cretaceous Wollaston Forland Lindemans Bugt Niesen
Niesen-transect 1 (NW Wollaston Forland) 27 508706 -20,590 74,657 115 sandstone |Cretaceous Wollaston Forland Lindemans Bugt Niesen 12
Niesen-transect 1 (NW Wollaston Forland) 27 508707 -20,588 74,665 67 sandstone |Cretaceous Wollaston Forland Lindemans Bugt Niesen 12
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Cardiocerasdal-transect 11 (W Wollaston F)
Cardiocerasdal-transect 11 (W Wollaston F)
Cardiocerasdal-transect 11 (W Wollaston F)
Cardiocerasdal-transect 11 (W Wollaston F)

Payer Dal West, transect 15 (Kuhn @)
Payer Dal West, transect 15 (Kuhn @)
Payer Dal West, transect 15 (Kuhn @)
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82,572
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82,634
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190
136
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386

sandstone [Jurassic
sandstone |Jurassic
sandstone [Jurassic
sandstone |Jurassic

sandstone |Jurassic
sandstone |Jurassic
sandstone |Jurassic

sandstone [Jurassic-Cr

1s Oxfordian-Valanginian

sandstone |Jurassic-Cretaceous  Oxfordian-Valanginian

sandstone |Jurassic-Cr

1s Oxfordian-Valanginian
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sandstone Triassic
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sandstone Triassic
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Ved Sletten, Kim Fjelde
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