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Introduction 

This report represents an update of the recent GEUS report on East Greenland granite chem-
istry by Thrane et al. (2021), by adding 82 new samples characterised for whole-rock chem-
istry and nine samples for U-Pb geochronology. The total dataset thereby amounts to 188 
samples that are geochemically characterised. The newly added samples were collected in 
Hudson Land in 2022 under the GEUS mapping campaign in the area. The samples included 
for U-Pb geochronology come from Clavering Ø and Hudson Land.  
 
The overall aim of this project is to characterise the Neoproterozoic and Palaeozoic magmatic 
rocks, based on their geochemistry, to explore ways to effectively discriminate and group the 
granitoids. In turn, this will help to better understand the genesis of these granite groups, 
their spatial and temporal distribution, their structural and tectonic setting and predict which 
granites may be associated with mineralisation and understand their control on such miner-
alisation. 
 
The Caledonian orogen in North-East Greenland is generally understood as a collisional oro-
gen composed by a stack of nappes thrusted westwards over a basement of Archaean and 
Palaeoproterozoic ortho- and paragneiss units (Higgins et al. 2004; Kalsbeek et al. 2008a). 
Much of the geochemical and geochronological data obtained to support the present under-
standing is derived from the western part of the orogen, whereas the central and eastern 
parts are less well documented. This study focuses on Neoproterozoic and Palaeozoic felsic 
and intermediate magmatic rocks from the central part of the Caledonian orogen and forms 
part of a GEUS-project initiated in 2018 dealing with geological mapping and evaluation of 
the mineral potential of an area including Clavering Ø, Hudson Land and Gauss Halvø (Fig-
ure 1).  
 
In the overall dataset the magmatic rocks are divided into three groups according to formation 
age: (1) a Tonian group, previously referred to as “Grenville” (c. 950-900 Ma), (2) a Caledo-
nian, Middle Ordovician to Silurian group (c. 465-425 Ma) and (3) a Devonian (c. 380 Ma) 
group (Kalsbeek et al. 2000, 2001a,b, 2008b). In the field it can be difficult, if not impossible, 
to distinguish the different generations of magmatic rocks apart. However, certain character-
istics can be of help in determining the relative age, such as extent or lack of deformation 
and cross-cutting relationships; as where granites intrude Devonian sedimentary rocks, the 
ages of the intrusive rocks can be surmised. Because of the inherent difficulty in distinguish-
ing the different age groups of apart in the field, and because age dating cannot be applied 
to all rock samples, we apply geochemical characterisation as an alternative constraint to 
distinguish the different rock groups.  
 
The initial report by Thrane et al (2021) contained geochemical data for 106 samples in total, 
including granites sensu lato (105) and Devonian evolved volcanics, mainly rhyolites (11). 
This report expands the database with an additional 82 entries, including 64 granite samples, 
sensu lato, of Caledonian to Devonian age, and 18 Devonian volcanics. The total database 
hereby includes 188 samples, including 159 granites, sensu lato, and 29 Devonian volcanics. 
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Figure 1:   Geological map of study region with sample sites, indicated (+); in blue the newly 
added samples, in black the existing data from Thrane et al. (2021). Geology is simplified and 
modified from Escher (2001). D marks granites regarded as Devonian by Koch & Haller (1971). 
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Geological Setting 

Most of the study area is composed of rocks affected by the Caledonian collisional orogeny 
(Higgins et al. 2004; Kalsbeek et al. 2008a). Palaeoproterozoic basement and Neoprotero-
zoic to Ordovician sedimentary rocks were highly deformed by folding and thrusting and were 
variably metamorphosed during the orogeny. The area has also previously been affected by 
an Early Neoproterozoic high-grade metamorphic and magmatic event at c. 950-920 Ma, 
related to an orogenic event (Kalsbeek et al. 2000; Watt & Thrane 2001).  
 
The region of Clavering Ø, Hudson Land and Gauss Halvø exhibits a complex pattern of 
Proterozoic to Palaeogene rocks (Figure 1). The underlying Palaeoproterozoic orthogneiss 
basement (Kalsbeek et al. 1993) is only recognised in few places. More dominant, especially 
at Clavering Ø, is the overlying Meso- to Neoproterozoic migmatised metasedimentary rocks 
of the Krummedal supracrustal sequence. Neoproterozoic basinal sediments of the Eleonore 
Bay Supergroup (EBS) as well as platformal Cambro-Ordovician limestone are thrusted on 
top of the Krummedal sequence. The Krummedal sequence and EBS are intruded by gran-
ites of presumed Tonian, Caledonian and Devonian ages.  
 
Unmetamorphosed Devonian and Carboniferous continental sediments have been deposited 
in down-faulted basins during the waning and extensional stages of the orogen. Permian, 
Triassic, Jurassic, and Cretaceous sedimentary successions are preserved in downfaulted 
blocks in the eastern part of the region. These rocks are, in turn, overlain by Paleogene 
basalts. 
 
The region is transected by numerous faults of various ages. The most prominent tectonic 
feature is the several hundred metres wide Post-Devonian Eastern Fault Zone (EFZ) that 
transects Hudson Land and Gauss Halvø as a regional N-S trending brittle structure (Figure 
1). Within the fault zone, rocks (including some granites and rhyolites) are fractured and 
hydrothermally altered with extensive hematisation, epidotisation and argillisation (Harpøth 
et al. 1986). In addition, the EFZ hosts numerous quartz veins with Ag-Au-Pb-Zn-Cu sul-
phides and fluorite.  

Clavering Ø 

The crystalline complex of Clavering Ø forms a 22 km wide N-S trending belt in the centre of 
Clavering Ø. This area has previously been studied by Mittelholzer (1941), Haller (1971) and 
Jones & Escher (1999). 
 
In the west, the crystalline complex is unconformably overlain by Carboniferous sediments 
and Palaeogene volcanic rocks, whereas in the east, they are overlain by Triassic to Creta-
ceous sediments and Palaeogene volcanic rocks. Outliers of Carboniferous to Cretaceous 
sediments and Palaeogene volcanic rocks also overlie the crystalline complexes in the cen-
tral region. The crystalline complexes mainly comprise migmatitic supracrustal rocks, pre-
sumed to belong to the geographically widespread Krummedal sequence (Escher 2001). The 
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underlying Palaeoproterozoic orthogneiss is only recognised in the very northern part of the 
island. The ortho- and paragneiss complex is intruded by three generations of granites de-
scribed in this report.     

Hudson Land and Gauss Halvø 

Hudson Land and Gauss Halvø comprise highly metamorphosed ortho- and paragneisses, 
Neoproterozoic EBS, and Devonian sediments that are intercalated with felsic and mafic ex-
trusive rocks. Carboniferous sediments occur east of the EFZ. Likewise, Permian, Triassic, 
Cretaceous sediments and Palaeogene volcanic rocks only occur east of the EFZ.   
  
Western Hudson Land are dominated by successions of the upper part of the EBS, Cambro-
Ordovician and Devonian sediments. N-S and NW-SE trending faults transect all these se-
quences (Koch & Haller 1971; Stendal 1999). The crystalline complex and the Devonian 
sediments were intruded by several generations of granites. 
 
Geological maps of Hudson Land and eastern part of Gauss Halvø show granite bodies up 
to 10-20 km in diameter and more or less conspicuous bodies are seen in unpublished field 
maps from Hudson Land. Ages of the granites are unknown, but most are termed ‘Caledo-
nian’ i.e. Silurian (c. 430 Ma), except the few intruding into Devonian sediments, that must 
be Devonian or younger. The large granite body in northern Hudson Land is foliated and 
could be of Tonian age. The rhyolitic lavas shown on the map are Devonian.   
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Previous investigations of granites and rhyolites 

Granite bodies in North-East Greenland are shown in several earlier maps where they are 
divided into age groups, Archaean, Palaeoproterozoic, Neoproterozoic, Silurian, Devonian 
and Palaeogene based on field relations and scarce age dating (Koch & Haller 1971; Ben-
gaard 1992, Escher 2001). Geochemical investigations have been conducted outside the 
study area and it was shown that most Neoproterozoic and Silurian granites are peralumi-
nous and interpreted to have formed by melting of Meso-Neoproterozoic metasediment 
(Kalsbeek et al. 2000, 2001a,b, 2008b).  
 
The study area has been mapped several times and the number and character of magmatic 
rocks vary among the maps. The 1:250 000 scale map by Koch & Haller (1971) distinguishes 
between syn-tectonic, post-tectonic and Devonian granites. However, the Meso-Neoprotero-
zoic age of the Krummedal sequence and Tonian age of some of the granites hosted by this 
sequence were not known in 1971. The Devonian magmatism is described and studied in 
some detail by scientists of the Lauge Koch expeditions, see Haller (1971), and no equally 
comprehensive study has been published later.  
 
A five-year project, the Stordal campaign 1973-1977, performed an aeroradiometric survey 
over North-East Greenland from 72° to 76°N (Nielsen & Larsen 1974). The survey indicated 
that some presumed Tonian as well as many Silurian and Devonian granites were enriched 
in K, Th and U, relative to their host rocks and to many other common granites (Nielsen & 
Steenfelt 1977). The highest number of measured U anomalies including some indicating U-
mineralisation was found in Hudson Land and Gauss Halvø, particularly associated within 
Devonian rhyolites and granites. Following this recognition, almost all previously known and 
new occurrences of rhyolite found during the radiometric survey in interior Hudson Land and 
Gauss Halvø were visited and sampled (Ryan & Sandwall 1975). New granite occurrences 
discovered along and across the Eastern Fault Zone (Figure 1) were also sampled (Cooper 
1976). The majority of the samples (several hundreds) were analysed for U; the Devonian 
magmatic rocks also for a few other elements (Steenfelt 1982). It was clarified that the De-
vonian acid magmatic rocks comprise lavas, dykes and larger bodies with porphyries, aplites, 
pegmatites and granites, and that the occurrence at Parkinson Bjerg is granite, not rhyolite 
as in the Koch-Haller map (Figure 1). It was also noticed that in some of the outcrop areas 
of presumed Devonian granitic rocks, different and presumably older granites were also pre-
sent (Ryan & Sandwall 1975; Thyrsted 1975).  
 
A 1:250 000 scale map covering the western part of Hudson Land and Gauss Halvø resulted 
from new stratigraphic studies of the upper Proterozoic to Devonian rocks (Olsen & Larsen 
1993; Bengaard 1992). This map includes some, but not all, rhyolite occurrences that were 
discovered during the Stordal campaign. The studies agree with Haller (1971) that the De-
vonian magmatic activity that also produced thin basaltic flows took place during the Upper 
Devonian.   
 
The most recent map covering the study area is the 1:500 000-scale map of Escher (2001). 
In this map, all granites at Clavering Ø are depicted as granites of unknown age (930 or 430 
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Ma), whilst granites in Hudson Land are shown as Caledonian, including the ones previously 
mapped as Devonian. Devonian rhyolites are shown with much less accuracy than in previ-
ous maps. Figure 1 is based on this rather simple map, since the Koch & Haller map (1971) 
has not been digitised.  
 
Exploration by Nordisk Mineselskab A/S, GEUS, Arc Mining and 21st North have suggested 
that the Parkinson Bjerg granite could host Sn-W-Mo-Nb-REE greisen-type mineralisation, 
in addition to the known abundant fluorite-tourmaline-quartz veining. Anomalous concentra-
tions of these metals were detected in secondary material, i.e., floats, stream sediment and 
heavy mineral concentrates extending from Parkinson Bjerg to further to the south, possibly 
implying the existence of a hidden granite body (Harpøth et al. 1986; Thomassen & Tukiainen 
2010; Arc Mining 2014; C. Østergaard, 21th North, Pers. Com. 2016). 

Ages of granites and rhyolites 

In North-East Greenland, Tonian and Caledonian granites are described by Kalsbeek et al. 
(2008b) as intruding the metasedimentary rocks of the Late Mesoproterozoic-Neoproterozoic 
Krummedal supracrustal sequence and the overlying Neoproterozoic Eleonore Bay Super-
group (EBS). Most of them are S-type muscovite-biotite leucogranites and interpreted as 
having been formed by anatexis of schists and paragneisses of the Krummedal supracrustal 
sequence. The intrusions occur as plutons, sheets, pegmatites and aplites. Archaean and 
Palaeoproterozoic gneisses that form the crystalline basement underlying the supracrustal 
rocks seem not to have participated in the generation of these granites. Most of the Caledo-
nian intrusive bodies are reported as Silurian of age (435-425 Ma) and leucogranitic, but 
some intrusions have more mafic compositions and include monzonites, diorites, granodio-
rites with minor amounts of granite. These types of intrusions are interpreted as I-type with 
geochemical and isotopic signatures typical of arc magmas and they span a larger age range 
from Middle Ordovician to Silurian (465-430 Ma). These relatively mafic granitoids were orig-
inally discovered and investigated by Kalsbeek et al. (2008) in the southernmost segment of 
the East Greenland Caledonides (in Milne Land, Renland and Liverpool Land), and have only 
recently been discovered on Clavering Ø (Bernstein & Thrane, 2019; Kokfelt 2019; Rosa 
2019).  
   
Prior to this report only a single Devonian granite from the study area has been dated. A K-
Ar analysis of mica was obtained from the granite at Kap Franklin, yielding an age of 395 ± 
10 Ma (Haller 1971). Age determinations from granite samples from Clavering Ø and Hudson 
Land are underway, and some preliminary ages are presented below. The ages of the re-
maining samples are mostly inferred. However, few granites are demonstrably Devonian or 
younger as indicated by their stratigraphic levels. For example, the small intrusion that out-
crops at Kap Franklin (Figure 1) and intrude Devonian sediments and, therefore, must be 
Devonian or younger. Other granites on the eastern part of Gauss Halvø were considered 
Devonian (D in Figure 1). The rhyolitic lavas and pyroclastic rocks are embedded into Devo-
nian sediments. The stratigraphy of the sediments shows that eruptions took place intermit-
tently over Middle and Upper Devonian in time (Haller 1971).  
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Several other granitic bodies and dykes were mapped as Devonian granites or rhyolites by 
Koch & Haller (1971). On the north side of inner Moskusoksefjord, at Högboms Bjerg a gran-
ite occurring together with rhyolite was considered Devonian. This assumption is verified by 
new age dating presented below. Other granites in Hudson Land are mapped as syn- or post-
tectonic granites in relation to the Silurian deformation by Koch & Haller (1971). 
 
In summary, previous studies have not clarified the ages and origins of granitic magmatism 
within the study region, and none of the previous maps reliably depict the setting and distri-
bution of variably aged magmatic rocks.   
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Samples 

The overall sample set was grouped as either Tonian, Caledonian or Devonian magmatic 
rocks, based on available cross-cutting relationships, deformation intensity, previous map 
legends and preliminary unpublished U-Pb geochronology. Through an iterative process, a 
final classification was obtained by comparing the whole-rock geochemistry of these prelim-
inary groups, creating six distinct groups based on age and geochemical signatures (Thrane 
et al. 2021). From this iterative exercise, it emerged that the Devonian granitoids have two 
distinct geochemical signatures, justifying division into two groups, whose context is dis-
cussed below. The six groups are: (1) Tonian granites (Clavering Ø, only), (2) Caledonian 
monzonites (Clavering Ø, only), (3) Caledonian S-type granites, (4) Intermediate Devonian 
granites, (5) Devonian rhyolites and (6) Devonian evolved granites. For the new samples 
presented in this report only three of the originally defined groups are present, namely groups 
(2), (5) and (6).  
 
Figure 2 shows the distribution of the samples included in this report for whole-rock geo-
chemistry (82) and zircon U-Pb dating (9). The samples are divided into three categories 
based on their known geology and based on field relations, as (1) Caledonian (Ordovician to 
Silurian) granites, sensu lato, (2) Devonian rhyolites, or (3) Devonian evolved granites.  
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Figure 2:   Topographic map showing the localities of samples presented in the current re-
port (colored symbols) and samples presented by Thrane et al. (2021) (‘+’). 
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Analytical Method 

Whole-rock chemistry  

A total of 82 whole-rock chemical analyses were carried out by Bureau Veritas Commodities 
Canada Ltd. (formerly ACME laboratory) using the analytical code LF600, which comprises 
determination of major elements by XRF (XF700), total carbon determination (TC000) and 
trace elements by ICP-MS (LF100-EXT). Additional analytical packages for selected samples 
include determination of FeO by titration (GC806) for 49 samples and lithium determination 
(PF370) for 77 samples.   

Zircon U-Pb dating by LA-ICPMS 

Zircon analyses were conducted at the Department of Geological mapping and economic 
Geology, Geological Survey of Denmark and Greenland (GEUS). Hand-hammered chips 
from the rock samples were crushed directly in a tungsten-carbide disc mill. The crushed 
material was poured onto a Wilfley shaking table where the heavy mineral grains were sep-
arated. The heavy mineral fraction was transferred to disposable plastic Petri dishes using 
ethanol, and magnetic minerals were removed using a hand magnet. Zircon grains were 
subsequently hand-picked from the final heavy mineral concentrate in the Petri dish. The 
hand-picked zircon grains were cast into epoxy and polished to expose a central cross-sec-
tion of each grain. The mount was documented prior to ablation using backscattered electron 
imaging in a scanning electron microscope. The mount was subsequently cleaned in an ul-
trasonic bath with propanol, and then loaded into the sample cell of the laser ablation system 
for age dating. 
 
All U–Pb age data were acquired by laser ablation - single collector - magnetic sector field - 
inductively coupled plasma - mass spectrometry (LA-SF-ICP-MS) employing a Thermo Fin-
nigan Element2 mass spectrometer coupled to a New Wave Research UP213 frequency-
quintupled solid state Nd:YAG laser system, employing a two-volume cell technology. The 
principle setup is very similar to described by Frei and Gerdes (2009) and is described as 
follows. The laser was operated at a repetition rate of 10 Hz and nominal energy output of 
55%, corresponding to a laser fluency of c. 8 J cm−2. All data were acquired with a single 
spot analysis on each individual zircon grain with a beam diameter of 30 µm and a crater 
depth of approximately 15–20 µm.  For the spot diameter of 30 µm and ablation times of 30 
s the amount of ablated material approximates 200–300 ng. The ablated material was ana-
lysed on an Element2 (Thermo Finnigan, Bremen) single-collector, double focussing, mag-
netic sector-field ICP-MS with a fast field regulator for increased scanning speed. The mass 
spectrometer was equipped with a Fassel type quartz torch shielded with a grounded Pt 
electrode and a quartz bonnet. The total acquisition time for each analysis was 60 s, with the 
first 30 s used to measure the gas blank. The instrument was tuned to give large, stable 
signals for the 206Pb and 238U peaks, low background count rates (typically around 150 counts 
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per second for 207Pb) and low oxide production rates (238U16O/238U generally below 0.5 %). 
202Hg, 204(Pb + Hg), 206Pb, 207Pb, 208Pb, 232Th and 238U intensities were determined through 
peak jumping using electrostatic scanning in low resolution mode and with the magnet resting 
at 202Hg. Each peak was determined at four slightly different masses and integrated sampling 
and a settling time of 1 ms for each isotope. The elemental fractionation induced by the laser 
ablation and the instrumental mass bias on measured isotopic ratios were corrected through 
standard-sample bracketing using the GJ-1 zircon (Jackson et al., 2004). Samples were an-
alysed in sequences where three standards bracket each set of ten samples. Data pro-
cessing and calculation of abundances, isotopic ratios and dates were carried out off-line 
through the software Iolite version 2.5 (Paton et al. 2011), using for the U-Pb dating the Iolite 
add-on data reduction scheme VizualAge by Petrus & Kamber (2012), and for the trace ele-
ments determination the integral Trace Elements IS data reduction scheme. The VizualAge 
data reduction scheme includes a correction routine for down-hole isotopic fractionation and 
provides routines for data that require correction for common Pb, although this option was 
not used in the data processing. All diagrams for further statistical analysis and interpretation 
were produced through the IsoPlotR software package. Two uncertainty measures are re-
ported in the dates, of which the first one is the 2σ which is an output from the IsoPlotR 
software of Vermeesch (2018, 2021). After correcting the data for the effects of mass bias 
fractionation and Hg-interference a filtering of the data was applied by which analyses with 

2 errors > 10% (abs) for the 206Pb/238U ratio were removed from the data set. Data with 
significant amounts of common Pb (cPb) were not included in calculating the ages. A cross-
over age for 238U/206Pb vs. 207Pb/206Pb based ages are set at 1100 Ma and the reported errors 
are internal errors at the 2 level or 95% confidence interval. Long-term external reproduci-
bility was monitored by repeated analyses of the Plešovice zircon standard (Sláma et al., 
2008). 
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Results 

Geochemical data 

The new whole-rock geochemistry analyses are presented in Table 1 on the following pages, 
along with sample locality and short descriptions. The presented chemical plots (Figures 3-
13) are based on the complete whole-rock geochemical dataset presented in the current 
report and that presented by Thrane (2021). Further information about all samples can be 
found in the appendix. 
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Discussion based on total geochemical dataset 

All the figures in the following section depict the new analyses together with the analyses 
presented in Thrane et al. (2021) and are here referred to as ‘the total geochemical dataset’. 
In general, the same plot symbology is used as in Thrane et al. (2021), except for one new 
plot group of Devonian rhyolites that are identified as being altered (see below). These al-
tered rhyolites are shown as green open triangles and are shown by a light green color in 
Table 1. 
 

Rock alteration 

The possibility of metasomatic alteration, which would affect the mobile element systematics, 
was briefly assessed using the Hughes (1973) diagram (Figure 3) which plots K2O+Na2O vs. 
K2O/(K2O+Na2O). This shows that the majority of the analysed samples falls within the igne-
ous spectrum and can therefore be considered unaltered or weakly altered. However, the 
Caledonian monzonites and Devonian rhyolites plot in the field of potassic alteration. As a 
result, further petrography is warranted to evaluate whether the high potassium contents of 
these rocks are primary or secondary, and their characterisation using mobile major element 
plots needs to be done cautiously and supplemented with information from immobile trace 
elements. Several of the granitic and rhyolitic rock samples were collected where the radio-
activity was high due to uranium mineralisation in fractures and hydrothermally altered rocks. 
A group of Devonian rhyolites from ‘OK-fjeld’ in Moskusokselandet are also seen to be po-
tassic altered plotting in the lower right-hand corner of the diagram. 

 
Figure 3: Alteration diagram after Hughes (1973) plotting K2O+Na2O vs. K2O/(K2O+Na2O). 
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Rock classification and tectonic setting 

Major elements 

Major element geochemistry of granitic rocks from Hudson Land, Gauss Halvø and Clavering 
Ø has been arranged according to the classification scheme of Frost et al. (2001). This 
scheme is based on three variables: Fe-number, modified alkali-lime index (MALI) and alu-
minum saturation (Figure 4a-c). The Caledonian monzonite samples stand out by being in-
termediate (SiO2 = 53-61 wt.%), metaluminous, magnesian and alkalic in composition. Ac-
cording to Frost et al. (2001), granitoids with these characteristics are formed in plutons in-
board from Cordilleran batholiths, with the Yamato Mountains, in Antarctica, as a possible 
analogue (Zhao et al., 1995). As such, these monzonites are interpreted to reflect a magmatic 
arc stage. This contrasts with the remaining samples (Tonian and Caledonian granites, and 
Devonian granitoids), which are more evolved (SiO2 > 67 wt. %), particularly some of the 
Devonian granitoids that stand aside by being peraluminous (Figure 4c), magnesian to fer-
roan (Figure 4a) and calc-alkalic to alkali-calcic compositions (Figure 4b) with only a few 
outliers in the calcic or alkalic fields.  
 

 
Figure 4: Classification scheme after Frost et al. (2001) using (a) the three parameters Fe-num-
ber, (b) modified alkali-lime index (MALI) and (c) aluminium saturation index. Symbols as in Figure 
3. 

a b 

c 
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Furthermore, the Tonian granites appear to be more calcic than the Caledonian granites. It 
is presently unclear whether intermediate compositions of Caledonian age are missing in the 
study area or whether this merely reflects a sampling bias in our compilation. If intermediate 
compositions indeed are lacking, the remaining samples can be grouped as peraluminous 
leucogranites that are typical of a syn-collisional stage (Frost et al. 2001). In terms of the 
classification by Chappel & White (1974), the Caledonian monzonite would classify as I-type, 
inferred to have formed from a meta-igneous source, in contrast with remaining analysed 
samples which would classify as S-type, inferred to have formed from melting of metasedi-
mentary rocks.  
 
Further insights into the major element geochemistry can be obtained using the Grebennikov 
(2014) ternary diagram (Figure 5). This diagram is used for samples with >67% SiO2 and 
therefore does not include any of the Caledonian monzonite samples. The diagram suggests 
a distinction between Caledonian and Devonian granitoid samples, particularly the more 
evolved ones. The Caledonian granites plot mostly outside the A-type granitoid fields, which 
is typical of arc and syn-collisional granites, while the Devonian granitoids are centered within 
the A2 field. According to Grebennikov (2014), rocks plotting in the latter field are formed 
during post-collisional rifting caused by extension and thinning of continental crust, namely 
as a result of oblique convergence. The Tonian granite is not clearly classified in this diagram 
but could also be post-collisional (Figure 5). 
 

 
 

Figure 5: Ternary diagram of Grebennikov (2014) plotting Fe2O3x5 – Na2O+K2O – (CaO+MgO)x5 
to distinguish different A-type magmas (only SiO2 > 67 wt% plotted). A1: within-plate geodynamic 
setting, oceanic islands, and continental rifts. A2: local extension zones of intracontinental and 
continental marginal areas. Symbols as in Figure 3. 
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Figure 6: Geotectonic scheme of Maniar & Piccoli (1989) plotting SiO2 – Al2O3 and SiO2 – 
FeOt/(FeOt+MgO). IAG: island arc granitoids, CAG: continental arc granitoids, CCG: continental 
collision granitoids, POG: postorogenic granitoids, RRG: rift-related granitoids, and CEUG: con-
tinental epeirogenic uplift granitoids. Symbols as in Figure 3. 

 
The SiO2-Al2O3 and SiO2-FeOt/(FeOt+MgO) diagrams of Maniar & Piccoli (1989) highlight 
both the Tonian and Devonian evolved granitoids as post-orogenic (Figure 6a,b) e.g. from 
two different events.  

Trace elements  

The distinct geochemistry of the more evolved Devonian rocks is also apparent on the 
Whalen et al. (1987) and Pearce et al. (1984) diagrams using trace elements that are con-
sidered fluid-immobile and therefore robust with respect to seeing through alteration pro-
cesses.  
 
On the Whalen et al. (1987) diagrams, utilising trace elements Nb, Y and Ce vs. Ga/Al (Figure 
7a,b), the Devonian evolved granites have high Ga/Al ratios and high Nb, Y (especially), but 
also Ce concentrations, that distinguish them from all of the other analysed rocks, and are 
characteristic of A-type granitoids. As further defined by Grebennikov (2014), A-type granit-
oids can be subdivided into peralkaline (A1) and peraluminous (A2), reflecting distinct geo-
tectonic settings, and the studied Devonian evolved granite belongs to the latter group (Fig-
ure 7).  



 
30 G E U S 
 
 
 

 
 

Figure 7: Whalen et al. (1987) diagrams plotting K2O/MgO, FeOt/MgO, Y and Nb vs. Ga/Al. The 
boxed field marked ‘I & S’ represents the compositional field of I- and S-type granitoids according 
to the definition of White & Chappell (1977), while A-type granitoids occupy the area outside the 
box. Symbols as in Figure 3. 

 

 
Figure 8: Geotectonic discrimination diagrams after Pearce (1984) plotting Rb vs. Y+Nb and Nb 
vs. Y. Symbols as in Figure 3. 



 
G E U S 31 
 
 
 

On the Pearce et al. (1984) diagrams (Figure 8), the Devonian evolved granites clearly plot 
in the within-plate field. The remaining analysed rocks tend to plot in the volcanic arc and/or 
syn-collisional fields, the Caledonian monzonites tendentially in the volcanic arc field, while 
the Caledonian granites are straddling the volcanic arc - syn-collisional boundary. The Tonian 
granites plot across different fields, which possibly reflects the influence of a variety of 
sources typical of post-collisional granitoids. 
 
Figure 9 & 10 present chondrite-normalised rare earth element (REE) and extended primitive 
mantle-normalised trace element plots, respectively. In the REE-diagrams (Figure 9) the 
evolved Devonian group stands out as by a moderate LREE enrichment, relatively flat, ele-
vated heavy (H)REE patterns, and deep negative Eu-anomalies, the latter signifying exten-
sive plagioclase fractionation to have played a role. The group of Devonian volcanic rocks 
from ‘OK-fjeld’ that were identified in Figure 3 as being K altered have also unusually low 
MREE concentrations. This ‘depressed’ REE pattern is interpreted to reflect preferential loss 
of MREE during intense alteration that these rocks underwent. The Caledonian granites show 
comparatively more variation and have steeper LREE/HREE slopes and less distinct nega-
tive Eu-anomalies, occasionally positive in a few samples. The intermediate Devonian gran-
ites overlap completely with the Caledonian granites. The Tonian granites have intermediate 
patterns relative to the Caledonian and Devonian granites.  
 
In the multi-element diagrams (Figure 10) the three main groups also stand apart. Again, the 
evolved Devonian granites show the most extreme ‘saw-tooth’ patterns with strong negative 
anomalies for Ba, Sr, P, and elevated contents of Nb + HREE+Y. The Caledonian granites + 
intermediate Devonian granites show a relatively wide and scattered range with generally 
higher Ba and Sr and lower HREE+Y. The identifiably altered rhyolites show comparative 
depletions in LILE (Cs, Rb, Ba) + MREE. The Tonian granites show a comparatively re-
stricted intermediate range between the other two groups.  
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Figure 9: ‘Spider’ diagrams for the East Greenland granitoid samples showing concentrations of 
rare earth elements (REE) normalised to chondrite (Boynton 1984). Symbols as in Figure 3. 
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Figure 10: ‘Spider’ diagrams for the East Greenland granitoid samples showing multi-element 
concentrations normalised to primitive mantle (McDonough & Sun 1995). Symbols as in Figure 
3. 
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In summary, the studied rocks appear on geochemical grounds to record different geotec-
tonic settings. The geochemical signature of the Tonian granites is generally similar to that 
of the Caledonian granites, with the noticeable exception of the Tonian granites having con-
sistently higher FeOt and lower Al2O3 compared to the Caledonian granites (Figure 6 and 
7a), which suggests different sources for these two rock groups. Despite the limited number 
of Tonian granites analysed, they do form a rather tight group that seems to be consistent 
with a post-collisional setting in an Early Neoproterozoic (Grenvillian) orogeny (Figure 7). For 
the Caledonian orogeny, it is suggested that the Caledonian monzonites formed during the 
magmatic arc stage, that the Caledonian granites mainly formed during the syn-collisional 
stage and, finally, the Devonian evolved granitoids already reflect a post-collisional rift stage. 
The Devonian intermediate granites consistently plot together with the Caledonian granites, 
and it is therefore suggested that the former should potentially be considered part of the 
latter, and the classification used in the Haller (1971) map should be reevaluated. Alterna-
tively, the indicated change of tectonic setting took place during the Devonian. In the latter 
option, it is hypothesised that the Devonian intermediate granite could be Early Devonian, 
formed during the syn-collisional stage, while the Devonian evolved granitoids could be Late 
Devonian, formed during the subsequent post-collisional stage.  

Magma fertility 

Empirical and theoretical evidence support a strong correlation may exist between the gran-
ites composition and metal association in related mineralisation (Blevin & Chappell 1992, 
1995; Meinert 1992). According to these authors, the parameters that control fertility of a 
granite magma (i.e., its mineralization potential), include magma geochemistry (e.g., S-, I- or 
A-type), evolutionary stage and oxidation state. Figure 11 plots K/Rb vs. SiO2 and shows that 
the studied granitoids range from moderately to strongly differentiated, with some of the De-
vonian granitoids being particularly fractionated with SiO2 >75 wt% and low K/Rb ratios 
(<250). This suggests that these rocks can be associated with Mo-W-Sn mineralisation. 
Which of these metals that will dominate depends on the magma oxidation state, which is 
essentially inherited from its source, although the effects of wall rock interaction can be locally 
important. In reduced S-type magmas, such as the studied Caledonian and Devonian gran-
itoids, Sn and (to a lesser degree) W both behave incompatibly and build up in the magma 
during differentiation.  
 
Figure 12 plots Fe2O3/FeO vs. Rb/Sr and shows that Tonian and Caledonian granites are 
indeed relatively reduced and would be favorable to host W and Sn-W mineralisation. These 
would be core element associations, i.e., the most intrusion-proximal element association, 
but base metal, precious metal and U-F mineralisation can be expected to be found more 
distally to the intrusion.  
 
In contrast, Devonian rhyolites and some evolved Devonian granites (sample 567203 and 
567235 from Högboms Bjerg) display high oxidation states (Figure 12). This is interpreted to 
reflect magma oxidation during shallow emplacement within oxidising wall rocks and/or sub-
sequent rock oxidation due to alteration or weathering. This is supported by the fact that 
possible secondary processes were already highlighted (Figure 3) to have been potentially 
important for these rocks.  
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When plotted on a diagram of Ba/Th vs. La/Sm by Li et al. (2017) (Figure 13), the Devonian 
evolved granitoids plot in the field of the Yanshanian granite related to Sn and W deposits, 
while the Caledonian granites and Devonian intermediate granites plot in the field of the 
Yanshanian granite related to W and base metal deposits, which these authors interpret to 
reflect relatively lower and higher magma oxidation, respectively. 
 

 
 

Figure 11: K/Rb – SiO2 after Blevin & Chappell (1992, 1995) showing granite types and their 
typical associated mineralisation. Symbols as in Figure 3. 
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Figure 12: Fe2O3/FeO – Rb/Sr after Blevin & Chappell (1992, 1995) with fields for associated 
mineralisation type. Note high Fe2O3/FeO in Devonian granite samples (567203 and 567235) 
from Högboms Bjerg. Symbols as in Figure 3. 
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Figure 13: Ba/Th - La/Sm after Li et al. (2017) used to discriminate the mineralisation potential 
of granite magmas as function of oxidation state and slab contribution. The coloured fields reflect 
Yanshanian granite samples hosting Sn, W and base metal deposits. Symbols as in Figure 3. 

 
It should be noted that magma fertility, per se, does not predict whether a given granitoid is 
mineralised. In addition to the magma fertility, assessed through the geochemistry, physical 
parameters such as the level of magma emplacement, erosional level and volatile content 
need to be considered for a more complete evaluation. In any case, the Caledonian and 
Devonian granitoids studied can be considered favourable for W and Sn mineralisation. The 
Devonian evolved granitoids, in particular, have undergone extensive fractionation during 
which Sn, W and other metals could have built up in the relatively reduced magma. Moreover, 
the occurrence of cassiterite and W-mineralisation associated with several Devonian granites 
in Central East Greenland (see Keulen et al. 2023, and references therein) verifies that this 
process indeed was operating. 
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Geochronology results 

523813 – Augen granite (Tonian) 

Clavering Ø: 74.35826 N, 21.03908 W 
Description: Large outcrop of very coarse-grained augen granite, intruded into the 
Krummedal Supracrustal Sequence and forming a mountain top to the west of Skille Gletsjer. 
Individual K-feldspar augens are up to 7 cm long (Figure 14). 
 

 
Figure 14: Outcrop of very coarse-grained granitic gneiss, sample 523813, from Northern Clav-
ering Ø. 
 
Zircon morphology: The zircons are subhedral and elongated. They generally range from 
100-200 µm, a few grains are larger. Most zircons show oscillatory zonation and have what 
looks like several generations of zonation. The zircons are generally well preserved, but 
some grains do show irregular zonation in the cores, possibly reflecting recrystallisation.  
 
Zircon data: 38 analyses were carried out. The ages cluster around c. 430 and 950 Ma, and 
a few older ages are also present. A discordia line through the main cluster yield an upper 
intercept age of 963 ± 16 Ma and a lower intercept age of 432 ± 27 Ma (MSWD = 3.2, n= 31) 
(Figure 15). The ages are interpreted as crystallisation and metamorphic overprint ages, re-
spectively. 
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Figure 15: Sample 523813, very coarse-grained augen granite, giving a upper intercept age of 
963 ± 16 Ma (Tonian) and a lower intercept of 432 ± 27 Ma (Silurian) (MSWD = 3.2, n = 31/54), 
corresponding to time of crystallisation and metamorphism, respectively. 
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521688 – Augen granite (Tonian) 

Clavering Ø: 74.2546 N, 20.8377 W 
Locality: Eastern side of central Clavering Ø, west end of E-W valley west of Camp 3 (Kokfelt 
2019).  
Description: Strongly deformed Kfsp augen granite (gneiss) with up to very large (<7 cm), 
often deformed K-feldspar megacrysts in a coarse-grained granitic matrix (Figure 16).  
Zircon morphology: Subhedral to anhedral rounded, stubby or prismatic grains, usually about 
70-120 µm with aspect ratios of 1:2 - 1:3. Most grains show remnant complex oscillatory 
zoning, often with more diffuse patchy domains. Some grains show distinct CL-bright cores.  
 

 
 
Figure 16: Sample 521688 of a very coarse-grained augen granite. Notice the deformed meg-
acrystic K-feldspar augens (annotated on photo). CL-image: Zircons are rounded, stubby or pris-
matic, occasionally showing oscillatory zoning, or more diffuse or patchy zoning. 
 
Zircon data: A total of 144 spots were analysed of which 60 returned acceptable data, the 
remaining 84 represented poor analyses or had issues with cPb. A main population of zircon 
have ages of around 900-930 Ma, among these a subset of 95-105% concordant grains 
yields a plateau 238U/206Pb age of 915 ± 7 Ma (MSWD = 1.6, n = 23) (Figure 17). This age is 
interpreted as the crystallisation age of the gneiss protolith. Three younger discordant grains 
are likely to record Pb-loss, likely reflecting overprinting during Caledonian metamorphism 
(not possible to constrain further). Seven older partially discordant grains record ages from 
ca. 1260 to 1740 Ma interpreted to reflect crustal inheritance. 

95-105% conc. 
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Figure 17: Wetherill-Concordia plot for sample 521688. Insert diagrams for 95-105% concordant 
grains of adaptive KDE and weighted average plots. The main population gives an average plat-
eau 238U/206Pb age of 915 ± 7 Ma (MSWD = 1.6, n = 23), interpreted as the crystallisation age of 
the gneiss protolith.  
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521649 – Monzonite (Caledonian) 

Clavering Ø: 74.3021 N, 21.4653 W 
Locality: Western side of central Clavering Ø, ridge west of Camp 2 (Kokfelt, 2019).  
 
Description:  The rock is a medium-grained monzonite with ca 20% mafic minerals showing 
a clear foliation with a planar fabric underlined by alignment of the tabular Kfsp megacrysts 
and interstitial mafic aggregates of mainly amphibole crystals. The rock shows a distinct red 
colouring in the field and feldspars are generally quite turbid, which together with the abnor-
mally high K whole-rock contents suggest significant deuteric alteration (K-alteration) (Figure 
18). The intrusion was mapped as post-orogenic granite by Koch & Haller (1971). However, 
the distinct fabric indicates that the rock unit is clearly not post-orogenic but experienced 
orogenic deformation. The monzonite is associated with enclaves of more mafic (monzodio-
ritic), or even ultramafic rocks, likewise deformed. The unit is cut by relatively undeformed 
later granitic veins and pegmatites.  
 
Zircon morphology: Small (<100µm) rounded anhedral grains, showing dissolution textures 
and complex (multi-stage) zoning patterns, typically with very thin CL-bright rims (beyond 
targeting), interpreted reflecting metamorphic overprinting. 
 

 
Figure 18: Sample 521649 of coarse-grained monzonite from the western part of Central Clav-
ering Ø. The rock shows a distinct red colouring in the field and feldspars are always turbid, which 
along with unusually high K whole-rock contents suggest significant deuteric alteration (K-altera-
tion) of the rock.  
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Zircon data: A total of 35 spots were analysed of which 27 returned acceptable data, three 
had some influence of cPb and five were bad. All accepted data are within 95-105 % con-
cordant. A single population of 23 concordant zircons gives an isochron age of 446.3 ± 3.1 
Ma (MSWD = 0.42; n/N = 23/27) (Figure 19). A similar age within error is calculated as a 
weighted mean 238U/206Pb age of 446.9 ± 2.5 Ma (MSWD = 1.5; n/N = 23/27). This late Or-
dovician age is taken as the crystallisation age of the monzonite placing it before the main 
Caledonian metamorphism event at ca 430 Ma. The early Caledonian age agrees with the 
chemistry as an I-type granitoid, i.e., predating collision and crustal thickening. Noteworthy, 
there are no inherited grains, which is otherwise very common for typical Caledonian S-type 
granites. 
 
 

 
 
Figure 19: Sample 521649. Terra-Wasserburg Concordia-diagram showing a preferred Concor-
dia age of 446.3 ± 2.2 Ma (MSWD = 0.42; n/N = 23/27). The age is consistent with a weighted 
mean 238U/206Pb age of 446.9 ± 2.5 Ma (MSWD = 1.5; n/N = 23/27).  

 
  

95-105% 
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523808 – Monzonite (Caledonian) 

Clavering Ø: 74.41691 N, 21.30040 W 
Description: The intrusion was mapped as post-orogenic granite by Koch & Haller (1971). 
Magmatic rock, relationship to the surrounding metasedimentary rocks is unclear, but the 
foliation is typically much less well developed in this rock type than in the surrounding 
metasedimentary rocks (Figure 20). Thin pink pegmatite veins intrude the monzonite, and it 
also contains lenses of deformed amphibolite. The sample contains 56.8 % SiO2, 9.2 % K2O 
and 1.6 % Na2O and is classified as a monzonite in the alkali-silica diagram by Middlemost 
(1994) (Table 1). 
 

 
Figure 20: Outcrop of foliated monzonite (grey), sample 523808, with amphibolitic inclusions, 
Northern Clavering Ø. 
 
Zircon morphology: The zircons are mostly stubby and subhedral. Most grains are from c. 
75-150 µm long with a few larger grains. Some zircons show an oscillatory zonation, but most 
show a more disturbed pattern in the core, probably do to recrystallisation. In some cases, 
the grains have a homogenous rim with variable thickness. 
 
Zircon data: 80 analyses were carried out. The ages range from 1637 to 398 Ma, with most 
ages between 500 and 400 Ma, with the main cluster at c. 450-410 Ma. A few older ages 
(>550 Ma) are interpreted as inherited. It is difficult to determine an exact crystallisation age, 
as the analyses all fall along the Concordia line, but we interpret the younger ages to be a 
consequence of Pb-loss, and it is therefore possible to retrieve an intercept age of 456 ± 9 
Ma (MSWD = 4.4, n = 68) when anchoring the lower intercept at 1 ± 10 Ma (Figure 21). The 
mean 238U/206Pb age yields a significant younger age of 426 ± 4 Ma (MSWD = 54), but has 
less statistical significance, due to the large scatter of 238U/206Pb ages. Due to the statistics 
and because the sample is deformed, the older ages seem more plausible. The age is within 
error the same as for monzonite sample 521649, which is from the same map unit, collected 
further to the south in Clavering Ø.  
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Figure 21: Sample 523808, foliated monzonite, giving a rough upper Concordia intercept age of 
456 ± 8.7 Ma (MSWD = 4.4). The sample contains a few inherited grains at 1250-1650 Ma. 
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567268 – Porphyritic granite (Caledonian) 

Storelv S: 73.66989 N, 22.32271 W 
Description: Coarse-grained Kfsp porphyritic biotite-muscovite granite from the Storeelv area 
in SE Hudson Land (Figure 22). Geochemically the rock is classified as a quartz monzonite 
in the TAS-diagram. The porphyritic granite is locally cut by equigranular granite type. Both 
granite types are mappable units on the scale of mapping (1:100,000). 
 
Zircon morphology: Subhedral to anhedral large prismatic or stubby grains (100-350 µm) with 
aspect ratios of 1:2 - 1:4, many showing oscillatory zoning, or complex multi-stage zoning 
with relict cores overgrown by magmatic zircon mantles and rims.  
 

 

Figure 22: Sample 567268 of coarse-grained granite Kfsp porphyritic granite from the south-
eastern part of Hudson Land. The rock shows a weak to moderate foliation (lineation) with align-
ment of feldspar megacrysts. Zircons are large prismatic or stubby grains (100-350 µm) with as-
pect ratios of 1:2 - 1:4, many showing oscillatory or complex multi-stage zoning. 
 
Zircon data: A total of 120 grains were analysed out of which 59 were of acceptable quality 
and showing a high degree of concordancy (the rest representing bad analyses or data with 
significant cPb contents). The data are generally concordant and constitute a composite age 
distribution with a large proportion of grains falling in the age range of ca. 900 – 1800 Ma, 
and a single younger age peak at ca 450 Ma. Based on the most concordant grains (95-
105%) a Concordia age of 455.4 ± 2.3 Ma (n = 8) is calculated (Figure 23). A similar age of 
445.4 ± 1.21 Ma (n = 19/57, MSWD = 2.7) can be derived based on a weighted average. The 
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Concordia age is taken as the crystallisation age of the granite. The older (900-1800 Ma) 
ages are interpreted as inherited.  
 

 
 
Figure 23: Sample 567268 plotted in the Tera-Wasserburg diagram. A Concordia age of 455.4 ± 
2.3 Ma (n = 8) is calculated based on the most concordant grains (95-105%). A similar age of 
445.4 ± 1.21 Ma (n = 19/57, MSWD = 2.7) is derived based on a weighted average. A large 
proportion of inherited concordant zircons fall between ca. 900 and 1800 Ma.  
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587001 – Medium-grained equigranular two-mica granite (Caledonian) 

Passagedal W: 73.93831 N, 22.46401 W 
Sample: The sample is a white/pale to grey, relatively homogenous equigranular biotite-mus-
covite granite (Figure 24). On the 1:500 000 scale map the granite (gm-label ‘g6’) is mapped 
as ‘Caledonian granite with screens of metasediments (ca 430 Ma)’. The sample was col-
lected several hundred meters within the granite intrusion exposed on the western side of 
Passagedal, away from the inclusion-rich marginal parts of the intrusion. 
 
Zircon morphology: Subhedral to euhedral prismatic grains (100-150 µm) with aspect ratios 
mostly of 1:3 (1:2-1:4) with complex (multi-stage) oscillatory zoning in cores, sometimes with 
complex intersecting growth domains and rims.  
 

 
 
Figure 24: Sample 587001 of medium-grained biotite-muscovite granite from the northern Hud-
son Land. CL-image: Zircons are stubby to prismatic (100-150µm) with aspect ratios around 1:3, 
with complex oscillatory and internal multi-stage zonation patterns. 
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Figure 25: Sample 587001 plotted in the Tera-Wasserburg diagram. A Concordia age of 445.4 
+/- 1.21 Ma (n = 22) is calculated based on the most concordant grains (95-105%). A similar age 
of 445.4 +/- 1.21 Ma (n = 19/57, MSWD = 2.7) is derived based on a weighted average.  
 
 
Zircon data: A total of 127 spots were analysed of which 57 returned acceptable data, the 
remaining representing either poor analyses or data with significant influence of cPb. The 
filtered data are generally highly concordant, mostly within 95-105 % concordancy range. 
The ages show a wide distribution with a group of inherited grains at ca 1100 – 1800 Ma, 
with a single grain at 2500 Ma, and a main cluster at ca 450 Ma. A Concordia age based on 
95-105% concordant grains of the lower age group yields 445.4 ± 1.2 Ma, interpreted as the 
crystallisation age of the granite. A similar age of 444.1 ± 1.8 Ma (n = 19/57, MSWD = 2.7) 
is derived based on a weighted average (Figure 25).  
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523816 - Granitic vein (Caledonian) 

Clavering Ø: 74.39570 N, 21.05184 W  
Description: The metasedimentary rocks of the Krummedal Supracrustal Sequence are 
crosscut by numerous pegmatitic veins of granitic composition. The white veins stand clearly 
out in the brown host rock. The veins are up to tens of meters wide and can be followed for 
several 100 meters (Figure 26). This is a sample of a coarse-grained granitic vein. The age 
of the granite is expected to reflect the peak metamorphism in the area. 
 

 

 

Figure 26: Outcrop of granitic veins intruding metasediments of the Krummedal sequence in 
Northern Clavering Ø. 
 
Zircon morphology: The zircons are sub- to euhedral. Both elongated and stubby grains are 
present. Most grains are in poor condition, they are full of cracks, and broken into pieces. 
Most grains show no zonation and the few that does, mostly show an irregular, disturbed 
pattern. 
Zircon data: This sample was analysed twice. In the first round 54 spots were analysed. The 
207Pb/206Pb ages range from 477 to 401 Ma, with a cluster around 420 Ma. 
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Due to the scatter of ages, it is difficult to obtain a statistically significant age. An upper inter-
cept age can be obtained at 437 ± 22 Ma (MSWD = 11) from all analyses, while a more 
statistically significant age of 430 ± 17 Ma (MSWD = 3.2, n = 31/54) is obtained if the outliers 
are filtered away (Figure 27). 
 
 

 
 
Figure 27: Sample 523816. A rough Concordia upper intercept age of 430 ± 17 Ma (MSWD = 
3.2, n = 31/54) may be calculated. 

 
Figure 28: Sample 523816. Treated data (annealed and acid leached) give a Concordia age of 
431.2 ± 0.5 Ma (MSWD = 1.3, n =15/24), which is taken as the crystallisation age of the granite 
vein.  
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In attempt to improve the precision of the age determination, a second analytical round was 
performed on extracted zircons that were annealed (heated) and acid leached prior analysis. 
The annealing and leaching process removes loosely bound Pb and therefore generally re-
sult in a reduced amount of scatter in the derived ages. The treated data shows less scatter 
and enables for a more precise Concordia age to be determined of 431.2 ± 0.5 Ma (MSWD 
= 1.3, n =15/24) (Figure 28). This age is taken as best estimate of the crystallisation age of 
the granite.  

  



 
G E U S 53 
 
 
 

546917 – Two-mica granite (Caledonian) 

Clavering Ø: 74.3403 N, 20.7157 W 
Locality: Djævlekløften, northeastern part of Clavering Ø (Camp 4). Pink homogeneous gran-
ite intrudes into a sequence of migmatitic metasedimentary rocks presumed to belong to the 
Krummedal sequence. The exposure extends in the northern valley side over a 300-400 m 
wide zone reaching ca 300 m above the valley floor (Figure 29).  
Description: The rock is a medium-grained, pink, homogeneous leucocratic biotite-muscovite 
granite showing a weakly developed planar fabric. The granite contains euhedral quartz, 
suggesting quartz to be an early cumulus phase during crystallisation (possibly reflecting an 
enhanced F-contents in the magma).  

 
Figure 29: Sample 546917, biotite-muscovite granite from ‘Djævlekløften’ in northeastern Clav-
ering Ø. CL image: Zircons typically show oscillatory zonation, locally with irregular patchy zoning. 
Zircon morphology: Grains are stubby to prismatic sub- to euhedral grains with aspect ratios 
of 1:2 – 1:3, 100-150 µm long, typically oscillatory zoned, locally showing irregular patchy 
zoning suggesting metamorphic overprinting affected part of the grains (Figure 29). 
 
Zircon data: In the first round of analyses without annealing experiments a total of 128 spots 
were analysed of which 35 returned acceptable data, 16 had some influence of cPb and 77 
were bad. As a test a portion of zircons were selected for annealing experiment (to remove 
cPb) followed by acid leaching and mass spec analysis. A total of 55 zircons were analysed 
after treatment by annealing and acid leaching of which 14 returned acceptable data, 12 still 
had some influence of cPb and 29 were bad. 
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The combined data (untreated and treated) are plotted in Concordia diagram, distinguishing 
the untreated (red symbols) from the treated (green) data (Figure 30). Twelve grains lie in 
the range ca 1030 to 1780 Ma with two subgroups of each 4 grains yielding rough ages of 
1060 ± 50 Ma and 1622 ± 57 Ma. The lower age group yields an average 8/6 age of 422.6 ± 
4.5 Ma (MSDW = 8.1) for the 90-110% concordant grains, while a similar age is derived from 
taking only the most highly concordant grains 98-102%, namely 423.1 ± 3.1 Ma, but with 
much better statistics (MSDW = 2.1). Noteworthy, the annealed analyses remain after apply-
ing the 98-102% conc. filter suggesting that the annealing process indeed is getting rid of 
grains that are slightly disturbed. The annealed age data of 423.1 ± 3.1 Ma is taken as the 
crystallisation age of the granite, while all older grains are inherited. 
The sample was previously assigned to Devonian granite based on preliminary age dating. 
The annealed data show that the sample is upper Silurian rather than Devonian, so it is 
consequently reclassified as ‘Caledonian’. 
 

 
Figure 30: Sample 546917 plotted in Wetherill-Concordia plots, showing an expansion of the ca 
400 Ma interval, and inserts of weighted average 238U/206Pb ages based on specific concordance 
intervals (see text for explanation). Red ellipsoids: untreated grains, green ellipsoids: treated (i.e., 
annealed + acid leached) grains.  
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567232 – Aplitic granite (Devonian) 

Högboms Bjerg: 73.57083, N 22.73397 W 
Sample: Aplitic granite with tabular K-feldspar and euhedral quartz micro-phenocrysts. The 
microgranite in the Högboms Bjerg area is recognised as part of the Devonian magmatism 
in Hudson Land (Haller & Koch, 1971). The granite is mainly a very fine-grained, aplitic type 
with a characteristic brick-red colour (Figure 31). It is typically homogeneous with a massive 
appearance. The granite is highly leucocratic (< 5% mafic minerals) with micro-phenocrysts 
of 1-2 mm white quartz. Rare examples of inclusions of dark cherty material, interpreted as 
baked rhyolitic xenoliths occur locally, establishing an age relationship between the granite 
and the associated (largely contemporaneous) rhyolitic lavas. The sample has an A-type 
whole-rock chemistry typical for the Devonian magmatism (Table 1). 
 

 
Figure 31: Sample 567232 of aplitic granite at Högboms Bjerg. 
 
Zircon morphology: Grains are distinctly box-shaped, stubby, about 75 µm long with aspect 
ratios mostly < 1 : 2. Most grains show magmatic zonation with CL-dull cores and brighter 
rims.  
 
Zircon data: 
Most grains are strongly discordant and contain massive cPb (grey data) (Figure 32). A group 
of nine grains plot at, or very near the Concordia line and are interpreted as undisturbed. 
Based on the four most concordant grains a Concordia age of 397.1 ± 4.4 Ma is calculated. 
This age, though based on only few grains, is interpreted as the crystallisation age of the 
granite. The age should be considered provisional, based on the small number of grains that 
it is based upon.  
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Figure 32: Sample 567232 plotted in Tera-Wasserburg Concordia plot. Most grains are strongly 
discordant and contain cPb (grey data). A group of nine grains plot at or very near the Concordia 
and are interpreted as undisturbed. Based on the four most concordant grains a Concordia age 
of 397.1 ± 4.4 Ma is calculated.  
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Summary of ages 

The nine samples selected for zircon U-Pb dating from Clavering Ø and Hudson Land all 
show as a first order observation the ages expected for their assigned associations, i.e., into 
either ‘Tonian’, ‘Caledonian’ or ‘Devonian’ rocks, respectively.  
 
The two Tonian augen granites dated from Clavering Ø yield ages of about 915 Ma and 960 
Ma, which is broadly consistent with previously reported ages for these early gneissic gran-
ites (Kalsbeek et al. 2000). On a regional scale, the Tonian granites of central East Greenland 
are intruded into metasedimentary rocks, the Krummedal sequence, of the Hagar Bjerg 
Thrust Sheet and the Franz Joseph Allochthon during the Neoproterozoic orogenic event at 
ca. 940-910 Ma (Grenvillian orogeny) (Kalsbeek et al. 2000; Watt et al. 2000). In Clavering 
Ø the Tonian granites are relatively sparsely present and are seen to intrude into metasedi-
mentary rocks of the Krummedal sequence. 
 
Four Caledonian granites with different mineralogy and well-constrained field relationships 
were selected for age dating to clarify their place in the orogenic evolution. From Hudson 
Land two main types of granites were encountered during field mapping in 2022 and 2023, 
thus were targeted for age dating: 1) a K-feldspar phyric (megacrystic), moderately foliated 
granite (or monzogranite), and 2) a medium-grained, equigranular biotite-muscovite granite. 
Both types occur throughout the central eastern part of Hudson Land and always show the 
same internal relationship, with the equigranular granite cutting the porphyric granite. The 
new ages reported here confirm this age relationship as the latter is dated at 455 ± 2 Ma, 
whereas the former is dated at 445 ± 1 Ma. Additional preliminary age data confirm this pat-
tern and also seem to suggest that there is a general northward younging of crystallisation 
ages within Hudson Land.  
 
From Clavering Ø two granites were successfully dated, a deformed granitic vein intruding 
the Krummedal metasedimentary sequence in the northern part of the island, giving 431 ± 1 
Ma and a weakly deformed two-mica granite in the northeastern part of the island yielding 
423 ± 3 Ma. The ages appear to correlate well with the relative degrees of deformation rec-
orded in these two granites.  
 
Finally, a Devonian granite from the intrusive complex at Högboms Bjerg was dated to 397 
± 4 Ma which despite the limited amount of acceptable zircon data nonetheless is in generally 
good agreement with the sparse existing age estimates of around 380 Ma (uncertain age of 
Haller (1971), Hansen et al. (1987)).  
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Summary and evaluation/further studies 

The spatial distribution of granite localities, over especially Clavering Ø and central Hudson 
Land, illustrates the observation made during earlier investigations that granites are more 
abundant than shown on presently available geological maps. The mapping campaigns in 
2022-2023 at Hudson Land and Gauss Halvø have focused on delineating the extents of the 
various granite types in more detail. With this information, assisted by 3D photointerpretation 
and (locally) hyperspectral data, a more complete map will be produced for the area. Some 
of the outstanding questions relate to whether the individual granite outcrops are small, iso-
lated bodies, or they are connected at depth as parts of larger bodies. A more detailed un-
derstanding of the ages of the various granites is underway through more detailed geochron-
ological and petrological studies.  
 
Specifically, this updated study of the East Greenland granite geochemistry has verified the 
main findings of Thrane et al. (2021), namely that four main groups of granites can be geo-
chemically deciphered in central East Greenland (from oldest to youngest):  
 
1) Tonian granites from Clavering Ø 
No new Tonian samples were identified and added to this report compared to Thrane et al. 
(2021), and as such the findings by Thrane et al. (2021) remains valid, namely that these 
older granites seem to be chemically distinct from the aforementioned granites by having 
higher FeOt and lower Al2O3, which at least in part reflects derivation from another source. 
Two Tonian granite samples were U-Pb dated verifying their Tonian age (523813 and 
521688). 
 
2) Caledonian monzonites from Clavering Ø 
Among the Caledonian granitoids, the monzonite samples from Clavering Ø represent the 
most primitive included in the sample set. These rocks show unusually high K, which seems 
to reflect some extent of secondary enrichment processes. Nonetheless, their general min-
eralogy and I-type geochemistry indicate infracrustal meta-igneous rocks (e.g., amphibolite) 
as probable melt source, which is consistent with a subduction-setting. Two age dates of 
monzonite samples at 446 ± 2 Ma and 456 ± 9 Ma agree marginally within error of each 
other, confirming this rock unit to be late Ordovician, thus early Caledonian, predating colli-
sional orogen.  
 
3) Caledonian S-type granites and intermediate Devonian granites 
The group of so-called ‘intermediate Devonian granites’ described in Thrane et al. (2021) are 
not readily possible to discriminate from the larger group of Caledonian granites based on 
geochemical criteria alone. Although described from field criterias as Devonian, they have 
the same geochemical trademarks as the Caledoinian S-type granites. It is therefore possible 
that the two groups are part of the same population, i.e., share similar source regions, some-
thing that could be tested by acquiring Sm-Nd isotopic data on selected samples. For the 
large group of Caledonian granites, a closer inspection of the geochemical data in relation to 
geographical distribution, intrusion type, petrography, and character of host rock and miner-
alogy will provide a basis for further subdivision of the large group of Caledonian granites. 
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This work is underway based on the detailed mapping carried out in Hudson Land in 2022 
and 2023. 
 
4) Devonian rhyolites and evolved granites 
The Devonian extrusive and intrusive rocks are clearly petrogenetically related based on field 
observations and share same distinct geochemical characteristics of A2-type granites, such 
as high Nb, Ta, Y, low Sr, and negative Eu-anomaly. U-Pb zircon dating of Devonian rocks 
(intrusive or extrusive) appear to represent a challenge due to many zircons being disturbed, 
and more work is underway to obtain more reliable ages. So far, we managed to date one 
Devonian granite sample from Högboms Bjerg (521632) yielding a preliminary age of 397 ± 
4 Ma, which is in broad accordance with previous unprecise age estimates of around 380 Ma 
(Hansen et al. 1987).  
 
The East Greenland granite geochemical database which has been established through the 
current project will continue to develop with the planned addition of more geochemical and 
geochronological data on samples collected in the Hudson Land-Gauss Halvø area during 
field work conducted by GEUS in 2023. An update report is planned by the end of 2024.  
 
Further analytical geochronology work will aim at refining ages, which could be done by re-
analysing selected key samples for precise U-Pb dating work on the NordSIMS in Stockholm. 
The NordSIMS offers significantly higher resolution than the LA-ICPMS setup at GEUS, and 
hence dating of smaller analytes which allows for deciphering of complex textural growth 
domains that are often found in the granites.  
 
Whole-rock Sm-Nd isotope work is tentatively planned in collaboration with prof. Dr. Sebas-
tian Tappe (UiT) and will help to characterise the different source regions for the Caledonian 
granites on a regional scale, i.e., comparing Caledonian granites across the North Atlantic 
region. 
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