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Abstract:  Baddeleyite (ZrO2) is an important mineral for U-Pb geochronology in silica undersaturated rocks. Un-
der silica saturated conditions, baddeleyite reacts to form zircon. Yet, I document baddeleyite domains within zir-
con in several silica-saturated rock types. The primary aim of this project is to describe the phenomenon in detail.  
To reach this aim polarisation microscopy and SEM-EDS analyses have been used. Based on the descriptions, pos-
sible models for the origin of the phenomenon are suggested, including both primary and secondary processes. I 
suggest that variations in the silica-activity might explain the occurrence of possible primary baddeleyite bands, and 
that later hydrothermal processes are responsible for the formation of baddeleyite in alteration processes. Sugges-
tions on further analyses are also presented. 
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Sammanfattning: Baddeleyit (ZrO2) är ett viktigt mineral för U-Pb-geokronologi i kiselundermättade bergarter. 
Vid kiselövermättade förhållanden reagerar baddeleyit med kvarts för att bilda zirkon. Trots detta beskriver jag i 
denna uppsats baddeleyitdomäner inuti zirkoner från ett flertal kiselsövermättade bergarter. Det primära målet med 
det här projektet är att beskriva fenomenet i detalj. För att göra detta har polarisationsmikroskopi och 
svepelektronmikroskopi (inklusive röntgenemissionspektroskopi) använts. Med beskrivningarna som stöd föreslås 
möjliga modeller för fenomenets ursprung. Dessa modeller innefattar både primära och sekundära processer. Som 
primär process föreslås variationer i kiselaktivitet och som sekundär hydrotermal omvandling. Avslutningsvis 
presenteras förslag på framtida undersökningar. 
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1 Introduction 
1.1 Background 
Baddeleyite (ZrO2) is an important mineral for U-Pb 
geochronology in silica undersaturated rocks. Under 
silica saturated conditions, baddeleyite reacts to form 
zircon along the reaction: 
 
 
 

Yet, I document baddeleyite domains within zircon 
in several quartz-saturated rock types from southern 
West Greenland. In order to explain the observations 
of baddeleyite are documented in zircon derived from 
granite, felsic pegmatite and possibly metasedimentary 
rocks; the primary aim of this project is to make de-
tailed petrographical and textural descriptions of the 
phenomenon. In this manner we hope to better under-
stand the origin of baddeleyite. Is the baddeleyite of 
primary magmatic origin, or an effect of secondary 
alteration, i.e. can the baddeleyite to zircon reaction be 
reversed (Eq. 1)? Is there any link to regional geology 
or to the presence of detrital baddeleyite grains? 

 
1.2 Regional geology 
A majority of the Greenlandic shield was originally 
occupied by the Archaean basement, but only the 
southern part of the shield escaped Post-Archaean oro-
genic events. In Central to North Greenland, the base-
ment was reworked between 2000 Ma and 1750 Ma 
and stabilisation of the Greenlandic shield took place 
between 1750 Ma and 1600 Ma (Henriksen 2008). 

The craton of southern West Greenland is made up 
of six crustal blocks; the Maniitsoq, Fiskefjord, Ser-
milik, Bjørnesund, Kvanefjord and Ivittuut blocks 
(Windley & Garde 2009). These blocks are con-
structed of numerous terranes (Friend et al. 1996). The 
different blocks were created in island arc and active 
continental margin arc settings. Since the blocks are 
slightly tilted, the recent surface represent both lower 
and upper crustal zone of the original Archaean craton. 
The upper crustal zone consists of prograde amphibo-
lite metamorphic facies rocks, whilst the lower crustal 
zone consists of retrograde amphibolite and granulite 
facies metamorphic rocks (Windley & Garde 2009). 

The accretion of the terranes in southern Western 
Greeland is believed to have occurred in two main 
events. The first event is dated to ~2.99-2.95 Ga 
(Friend & Nutman 2005). This event may have in-
volved the Isukasia, Kapisilik and Akia terranes 
(Hanmer et al. 2002; Friend & Nutman 2005). Gran-
ites mainly intruding the Sermilik block, but also oc-
curring as satellite intrusions in the Bjørnesund block, 
have been dated to ~2.8 Ga (Ilivertalik granite). This 
implies that these two blocks were a single unit by 2.8 
Ga (Keulen et al. 2009). The second event is thought 
to have taken place at approximately 2.73-2.71 Ga. 
This event includes minor granite emplacement from a 
continental crust source. These granites are associated 

with amphibolite facies metamorphism, of the same 
time period (Friend et al. 1996).  

Tonalite-trondhjemite-granodiorite-type (TTG) 
gneisses are representing the main crust-generating 
period. These gneisses have intrusive ages of 2.92 Ga 
to 2.84 Ga (Schiøtte et al. 1989; Næraa & Scherstén 
2008). Several granite complexes are present and the 
most important granite in this area is the Ilivertalik 
augen granite, dated to 2.8 Ga (Pidgeon & Kalsbeek 
1978). In addition garnet or sillimanite bearing mica 
schists are common throughout the area (Keulen et al. 
2009). 

The Bjørnesund block extends from the Fredrik-
shåb Isblink, northwards to just south of the Græde-
fjord. Approximately half of the recent surface of the 
block is represented by lower crustal zone rocks. Sub-
sequently, the other half is represented by upper 
crustal zone rocks. The lower crustal zone is present in 
the north half of the block, and the upper crustal zone 
in the south half of the block (Windley & Garde 2009). 
Further, several amphibolite belts are present, e.g. the 
Ikkattup Nunaa belt and at Majoqqap Qaava. Majo-
qqap Qaava is part of the Fiskenæsset anorthosite 
complex. It has been established that the two earlier 
mentioned examples of amphibolite belts share a com-
mon origin. This origin has been proposed to be a con-
vergent margin setting (Keulen et al. 2009), with an 
age of 2.91 ± 0.01 Ga (Nutman et al. 2004). 

The Sermilik block is situated north of the Bjørne-
sund block, extending from Grædefjord in the south to 
Buksefjorden and Ameralik fjord in the north. The 
whole block is folded in an antiform and therefore 
lower crustal zone rocks occur in the middle of the 
block. This zone is then surrounded by a thin layer of 
upper crustal zone rocks, present in the northern-most 
and southern-most parts of the block (Windley & 
Garde 2009). 
 
1.3 Samples 
The following rocks, from the Bjørnesund and Ser-
milik blocks,  are included in this study (Figure 1). 
 
468720 
The Tre Brødre mica schist, a rock mapped as garnet-
sillimanite-biotite schist. It is possibly a metasediment, 
metamorphosed to amphibolite facies. 
 
508602 
A rock mapped as quartz-rich anthophyllite-garnet-
plagioclase gneiss and in field interpreted as wallrock 
to a cataclastic fault zone. 
 
510155 
The Nukagpiarssuaq (NGI) granite. 
 
512013 
A gneissic metasediment, mapped as Ilivertalik gran-
ite. 
 
 

2 2 4ZrO SiO ZrSiO  [Eq. 1] 
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Figure 1: A map over southern West Greenland. All samples included in this study are 
marked with red spots (modified from Keulen et al. 2009). 
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512028 
A pegmatite from the Sermilik block. 
 
512075 
A pegmatite from the Grædefjord shear zone. 
 

2 Methods 
2.1 Polarisation microscopy 
Thin sections from all samples were studied under 
polarisation microscope. Descriptions were made in 
terms of mineralogy, texture, structures and metamor-
phism. The primary objective was to establish the tex-
tural context in which zircon occurs. Examples of zir-
con occurrences were documented using a ocular cam-
era (Appendix 2). An overview was made of each thin 
section, using an image scanner. All zircon occur-
rences identified under the microscope was plotted in 
these overviews (Appendix 1). 

 
2.2 Scanning electron microscopy 
2.2.1 BSE 

Scanning electron microscopy (SEM) images are ob-
tained during scanning of an electron beam hitting the 
surface a the sample. In this study Back scatter elec-
tron (BSE) mode is used and therefore explained in 
more detail below (Reed 1995). 

All samples studied using SEM-BSE were  coated 
by a thin layer (~25 nm) of carbon. 

The SEM-BSE signal is obtained by the measure-
ment of electrons, derived from the incident beam, that 
have suffered large deflection within the sample and re
-emerged from the surface. Contrast in BSE-images is 
dependent of the atomic number of the sample, or 
mean atomic number if the sample is a compound 
(Reed 1995), i.e. the contrast will show the difference 
in density between compounds within an image. A less 
dense compound will appear darker than a more dense. 

 
2.2.2 CL 

A Cathode luminescence (CL) picture is obtained by 
imaging of the light emitted during electron bombard-
ment of the sample. This light is almost only produced 
by trace elements, such as manganese and the rare 
earth elements (Long 1995), i.e. CL reflects composi-
tional contrasts. 

 
2.2.3 EDS 

Energy Dispersive X-ray Spectroscopy (EDS) is an 
analytical technique with many applications. It is often 
used together with the SEM technique. On a broad 
scale it works as follows. When the electron beam hits 
the sample, X-ray radiation is emitted. The radiation is 
measured with an EDS detector and the various energy 
values are then sorted into 20 eV wide channels. The 
results are displayed as a spectrum with a number of 
peaks (spectral lines). This spectrum depends on the 
composition of the analysed spot. In a spectrum, all 
elements have several peaks, depending on the emit-

ting energy level. The various peaks are then com-
pared with a known mineral standard to establish the 
composition of the analysed spot (Champness 1995). 
This comparison involves corrections for atomic num-
ber, absorption and fluorescence (ZAF-corrections). It 
is done using synthetic or natural mineral standard for 
all elements. The standards have been measured in the 
same way as the unknown sample. 

To make quantitative analyses a calibration of the 
microscope is needed. In the used instrument (Oxford 
INCA system), this is done by analysing a cobalt stan-
dard. The calibration associates a specific count rate 
for any channel with the settings of the SEM. This 
calibration has been performed for both sample and 
mineral standards, which makes it possible to compare 
the analysed sample with the mineral standard.  

Two EDS-techniques were used to analyse the 
samples. Spot analyser was used to quantitatively ana-
lyse the composition in a spot (Appendix 3). To calcu-
late the composition a cobalt standard was used. Line 
mapping was used to establish the relative abundance 
of different elements along a line, presented as counts 
per seconds and length interval (Figure 4 and Appen-
dix 4). 

 

3  Results 
3.1 Light microscopy 
3.1.1 Thin section 468720 

Minerals identified and amounts estimated; quartz (65 
%), sillimanite (15 %), biotite (10 %), k-feldspar (5 
%), garnet (<5 %), muscovite (<5 %) and plagioclase 
(<5 %). Accessory minerals identified were apatite and 
zircon (Figure 2). 

This rock shows fine to medium inhomogeneous 
grain size. Garnet is fractured and these fractures are 
filled with biotite. 

Zircon is mostly associated with biotite (8), but a 
couple of grains also occurs in quartz. A total of ten 
zircon grains were observed. 

In this rock a foliation is present. It is defined by 
prominent bands of biotite, sillimanite and muscovite, 
but can also be seen as elongation of larger quartz 
grains. Biotite, muscovite and sillimanite are concen-
trated to the foliation planes, though biotite and silli-
manite occur much less abundant outside the planes as 
well. Sillimanite commonly occurs as fibrolite associ-
ated with muscovite and muscovite-sillimanite inter-
growth can be observed as stripy needle bundles 
within the foliation bands. Highly abundant micro 
fractures, cross-cutting the foliation at discordance of 
~120° (and occasionally ~60°), are present in the rock. 
In quartz, grain boundary migration is observed, 
mostly as bulging but also as nucleation. Some exam-
ples of dislocation migration are also observed. 

 
3.1.2 Thin section 508602 

Minerals were identified and amounts estimated as 
following; quartz (50 %), anthophyllite (20 %), plagio-
clase (20 %), biotite (5 %), garnet (<5 %), opaque (<5 
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468720 508602

510155 512013

512028 512075

Figure 2: Circle charts showing mineral compositions (in %) for all studied thin sections. Mineral abbrevia-
tions follow standard nomenclature as follows: Qtz: quartz, Pl: plagioclase, Kfs: K-feldspar, Bt: biotite, Sil: 
sillimanite, Grt: garnet, Ms: muscovite, Ath: anthophyllite, Chl: chlorite, Ap: apatite, Op: opaque minerals, 
Accessory minerals, e.g. zircon. 
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%) and chlorite (<5 %). Accessory minerals identified 
were zircon, hematite and titanite (Figure 2). 

This rock is homogeneously fine grained, with the 
exception of a few larger garnet grains. The garnet is 
partly replaced by an unknown mineral. Grain triple 
junctions mostly show angles around 120°. Biotite is 
commonly chloritizised. Hematite occurs as small 
flakes (thin enough to be non-opaque). Titanite grains 
are small, anhedral and showing a disturbed appear-
ance. 

Three zircon grains were observed in this thin sec-
tion, two associated with plagioclase and one with 
quartz. In addition, metamict zircon grains were ob-
served. 

Sub-parallel veins with unknown filling occur 
throughout the thin section. 
 
3.1.3 Thin section 510155 

In this rock the following minerals were observed and 
their amounts estimated; quartz (35 %), plagioclase 
(30 %), K-feldspar (15 %), biotite (15 %), muscovite 
(<5 %), apatite (<5 %). Zircon, hematite, opaque and 
possibly allanite are present as accessory minerals 
(Figure 2). 

The rock is mainly of medium grain size. Though, 
it is inhomogeneous and smaller grains of all major 
minerals are present. Apatite and muscovite only occur 
as fine grains. Hematite is observed as small flake 
(thin enough to be non-opaque). Some of the plagio-
clase and K-feldspar grains leave a deformed or altered 
appearance. In some of the apatite grains smaller 
grains are present as inclusions. Radiating fractures are 
centring from these smaller grains, a feature com-
monly associated with allanite. Some cases of plagio-
clase-quartz intergrowth (myrmekite) have been ob-
served. 

Over 40 zircon grains were observed in this thin 
section, mostly associated with biotite. In addition a 
large number of zircon grains are associated with 
quartz and a few each associated with plagioclase, K-
feldspar and apatite. 

Some grains are showing an appearance giving the 
impression that they have been divided into smaller 
sub-grains. Also signs of grain boundary migration are 
present, mostly as bulging but also as nucleation. 
 
3.1.4 Thin section 512013 

This rock contain the following minerals (with esti-
mated amounts); quartz (40 %), plagioclase (20 %), K-
feldspar (25 %), biotite (10 %), chlorite (4 %) and 
muscovite (1 %). The only observed accessory mineral 
is zircon (Figure 2). 

The rock is homogenous with medium grain size, 
with the exception of a K-feldspar megacryst in the 
upper right corner of the thin section Some myrmekite 
is present. Biotite is commonly showing altered ap-
pearance and is often partly or entirely replaces by 
chlorite. Plagioclase is commonly showing altered 
appearance and in some cases muscovite is present as 

inclusion within the grains.  
Zircon is associated with K-feldspar, plagioclase, 

chlorite and quartz to an equal extent. A total of eight 
zircon grains were observed. 

Signs of grain boundary migration are present 
throughout the thin section, mostly as bulging but also 
as nucleation. Most quartz, plagioclase and K-feldspar 
grains are deformed. 

 
3.1.5 Thin section 512028 

This rocks has the following mineralogy; quartz (35 
%), K-feldspar (35 %), plagioclase (25 %), biotite (<5 
%), muscovite (<5 %), garnet (<5 %). Zircon occurs as 
an accessory mineral (Figure 2). 

The rock shows mainly medium grain size, but the 
grain size is inhomogeneous and quartz, plagioclase 
and k-feldspar occur as larger grains. Plagioclase and 
k-feldspar grains abundantly show altered appearance, 
though some grains are less affected or even unaf-
fected. Small inclusions of myrmekite are present 
within plagioclase and K-feldspar. The garnet in this 
rock only occurs as larger grains, which are abun-
dantly fractured. These fractures are filled with biotite 
and biotite is almost only occurring in association with 
garnet. 

Zircon is associated with quartz, K-feldspar and 
plagioclase (in order of decreasing frequency). Two of 
the zircon grains observed in association with K-
feldspar also are in contact with quartz. 

Signs of grain boundary migration are present, 
mostly in the form of bulging but also as nucleation. A 
few possible pseudomorphs of garnet are present. 

 
3.1.6 Thin section 512075 

This rock has the following mineral composition; 
quartz (50 %), plagioclase (25 %), K-feldspar (15 %), 
biotite (5 %), muscovite (4 %) and garnet (1 %). Zir-
con is present as an accessory mineral (Figure 2). 

The rock shows inhomogeneous grain size, ranging 
from fine grained to medium grained. Biotite and mus-
covite only occur as fine grains however. Plagioclase 
is commonly showing an altered appearance and mus-
covite is only present in this altered plagioclase. In 
addition, biotite and k-feldspar is commonly showing 
altered appearance. The garnet in this rock is almost 
entirely replaced by plagioclase and biotite. 

Zircon is associated with biotite, quartz and plagio-
clase (in order of decreasing frequency). 

Pseudomorphs of garnet are present in the rock, in 
same cases with small remnant garnet grains present. 
Grain boundary migration occurs mostly as bulging 
but also as nucleation. Dislocation migration has been 
observed in some grains. Some of the plagioclase 
grains show metamorphic twinning. Quartz is concen-
trated to band-, vein- or blob-like structures . 
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Figure 3: BSE-images of zircon areas 1-4  (from top to bottom) for zircon mount for sample 
510155. Zircon appears as grey, baddeleyite as white and inclusions as black. Note that the 
black circular spots are LA-ICPMS-pits from U-Pb-dating. To the right, enlargements with 
spots for EDS-analyses are shown. Numbers are listed in Appendix 3. 

ZIRCON AREA 1 

ZIRCON AREA 2 

ZIRCON AREA 3 

ZIRCON AREA 4 
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Figure 4: Line scan data for zircon area 1 (zircon mount 510155). The peaks for aluminium, calcium and 
iron within the baddeleyite domain are noteworthy. 
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3.2 SEM-EDS 
3.2.1 Zircon mount 510155 

3.2.1.1 Zircon area 1 
As seen in the BSE-image (Figure 3), the centre is 
magmatically zoned. Although, in the middle-top part 
of the centre, a large inclusion is present. Towards the 
larger white baddeleyite domain, the zircon becomes 
darker. EDS-analyses of these darker domains show 
the presence of a number of non-stoichiometric ele-
ments, such as Ca, Fe and Hf. 

Baddeleyite seems to make up one or several parts 
of the zircon grain’s zoning. Further EDS-analyses 
show that the baddeleyite is impure; it is not entirely 
Si-free, and contains minor amounts of Al, Ca, Fe, Hf 
and U. Baddeleyite domains are present as discrete 
bands in the lower left tip of the grain (Figure 1), as 
well as a larger domain in the right part of the grain. 
Outside the large baddeleyite zone, in a similar fashion 
as for the core, BSE-imaging shows a magmatically 
zoned zircon where EDS-analyses show no detectable 
non-stoichiometric elements. Notable is the presence 
of several fractures halting at the outer edge of the Bd. 

A line scan was made on this zircon area (Figure 
4). 

 
3.2.1.2 Zircon area 2 
This zircon has a magmatically zoned core with a few 
fractures present (Figure 3). Also, EDS-analyses of the 
core show no anomalous elements, i.e. only Si and Zr. 
In contrast to the core, the part of the zircon closest to 
the baddeleyite domain show darker appearance dur-
ing BSE-imaging. These darker domains contain mi-
nor concentrations of non-stoichiometric elements, 
where Na, Al, Ca, Ti, Fe, Nd and Hf were detected 
during EDS-analyses. 

Si is detected within the baddeleyite, although it is 
significantly lower in contrast to the surrounding zir-
con. Further, minor amounts of Al, Ca, Ti, Fe, Hf and 
U are detected and confirm that this is not perfectly 
pure baddeleyite. Texturally the baddeleyite seemingly 
occupies one or several of the zircon’s growth zones. 

Outside the baddeleyite zircon similar to the core is 
present. Numerous fractures are present, which origi-
nate from the outer edge of the zircon and that halt at 
the outer boundary of the baddeleyite. 
 
3.2.1.3 Zircon area 3 
In this zircon no distinct core is observed, although a 
faint growth zonation is present (Figure 3). EDS-
analyses show minor concentrations of non-
stoichiometric elements; such as Ca, Fe, Hf and U in 
the centre of the zircon grain. (Sub)radiating fractures 
are abundant and seemingly halting at an imaginary 
ellipsoid shape within the zircon. 

Darker zircon surrounds the small baddeleyite do-
main; which correlates with the presence of non-
stoichiometric Na in the darkest rim and Cl, Ca, Fe 
and Hf in the slightly lighter rim. The largest fracture, 
originating from the outer boundary of the zircon, halts 

at the outer boundary of these rims. Noteworthy is that 
these darker domains, otherwise rather rounded and 
constant in width around the baddeleyite, apparently 
stretch out to connect with the large fracture. 

The baddeleyite domain is impure, where EDS-
analyses detect non-stoichiometric Al, Si, Ca, Fe, Hf 
and U. The position of the Bd-domain within the zir-
con appears to be non-related to the inner structure of 
the zircon. 

 
3.2.1.4 Zircon area 4 
In general this is a structurally and texturally complex 
zircon; with both domains showing magmatic zoning 
and domains not showing zoning, as well as numerous 
inclusions, present (Figure 3). One of the inclusions 
consists of Mg, Al, Si, K, Fe and Zr.  

Several darker domains are present in the BSE-
images (i.e. domains with lower density), associated 
with both zoned and non-zoned parts of the zircon as 
well as the baddeleyite. The darker domain associated 
with the baddeleyite is seemingly part of the magmatic 
zoning. EDS-analyses of this darker domain show 
presence of non-stoichiometric Cl, Ca and Fe. 

The baddeleyite domain is part of a non-zoned do-
main of the zircon, or at least the zoning of the zircon 
halts with the transition to baddeleyite. It is chemically 
impure and show non-stoichiometric Al, Si, Ca, Ti, Fe, 
Hf and U. 
 
3.2.2 Zircon mount 512028 

3.2.2.1 Zircon area 1 
This ~200 μm long zircon has a core with magmatic 
zoning, though in both zircon area 1a and 1b some 
smaller spots as well as few tiny inclusions are pre-
sent. In addition several fractures can be seen in the 
core, especially in the part of the zircon presented as 
zircon area 1b. Outside the core a rather uniform layer, 
not far from completely encapsulating the core, of 
darker appearing zircon is observed. EDS-analyses of 
this layer show no sign of anomalous elements. This 
layer is also the inner boundary between the zircon and 
the baddeleyite domains (Figure 4). 

The baddeleyite domains occur in both ends of this 
zircon (zircon area 1a and 1b). They are following the 
magmatic growth zoning. Further, they are impure and 
their respective Si-content does not entirely drop to nil. 
In ZA 1a EDS-analyses show non-stoichiometric Al, 
Cl, Ca and Fe; whilst in ZA 1b the anomalous ele-
ments are limited to Al, Ca and Fe. The baddeleyite 
domain in ZA 1b is interlayered by a very dark zircon 
in the outer part of the domain. This dark zircon is 
non-stoichiometric and contains Na, Al, Cl, Ca and Fe. 

Outside the baddeleyite domain (in both ends) the 
zircon shows growth zoning and no sign of anomalous 
elements. In the upper end the zircon has faint zoning 
and towards its outer boundary numerous fractures and 
inclusions appear. Notable is small domains of a 
slightly darker zircon seemingly growing from the 
fracture (and related inclusions) and replacing the 
original structure. In contrast the outermost part of the 
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lower end of the zircon show more distinct zoning but 
also more extensive fracturing and a slightly darker 
appearance. Mostly the fractures halt at the outer 
boundary of the baddeleyite, but one of them crosscuts 
the outer baddeleyite layer at two locations. 
 
3.2.2.2 Zircon area 2 
This zircon has no distinct core with only the areas 
below and to the left of the baddeleyite show some 
sort of zoning. In this area a large inclusion associated 
with numerous fractures is present. The areas above 
and to the right of the baddeleyite are divided into two 
respectively homogenous domains where the larger 
domain is slightly darker than the smaller domain. 
EDS-analyses show no non-stoichiometric elements in 
the zircon. The inclusion consists of Al, Si, Ca, Fe and 
Zr (Figure 4). 

The outer boundary of the baddeleyite domain is 
roughly following the zoning system of the zircon in 
the bottom-right and bottom-left parts. The upper parts 
of the domain do not show such pattern. It is not Si-
free and contains minor amounts of Al, Ti and Fe. Nu-
merous fractures, originating from the outer boundary 
of the zircon grain, penetrate all the way into the 
baddeleyite domain. 
 
3.2.2.3 Zircon area 3 
This zircon grain does not show a magmatic zoned 
core. In the outer parts of the grain a faint zoning can 
be observed. It becomes successively lighter in three 
distinct levels towards the centre. Numerous fractures 
are penetrating the grain from its outer boundary, all 
the way into the centre. EDS-analyses show no anoma-
lous zircon compositions in the outer part of the grain 
(Figure 5). 

The centre is in general occupied by a large 
baddeleyite domain, a smaller and entirely black inclu-
sion as well as a distinctly darker zircon (in compari-
son with the zircon outside the centre). The darker 
zircon occupies the outermost-bottom part of the cen-
tre. It shows no zoning. EDS-analyses show non-
stoichiometric Na, Cl, Ca and Fe. The inclusion is situ-
ated in the outermost-right part of the centre. It is asso-
ciated with an accentuated fracture system. EDS-
analyses show that it consists of Al, Si, Ca, Fe and Zr. 
In the middle and upper parts of the centre the 
baddeleyite domain is observed. Within the domain 
more or less elongated and sub parallel inclusions are 
present (striking at ~315° from the horizontal plane). 
EDS-analyses of the baddeleyite show that it is not Si-
free and contain minor concentrations of Al, Si, Cl, 
Ca, Mn, Fe and U. 
 
3.2.2.4 Zircon area 4 
This zircon grain consists of two distinctly different 
areas. The grain has a rim of magmatically zoned zir-
con, and is abundantly fractured. These fractures are 
seemingly halting at the boundary to the centre of the 
grain. EDS-analyses show no anomalous non-
stoichiometric composition for this area (Figure 5). 

In the centre of the grain, two components are pre-
sent; a seemingly homogeneous dark zircon and an 
intricate baddeleyite complex. The baddeleyite occurs 
in bands, interlayered by dark zircon. Its structure ap-
pears rather similar to the one of a magmatic zoned 
zircon. Through EDS-analyses it has been determined 
that the baddeleyite is not entirely Si-free and contains 
minor amounts of Al, Ca and Fe. In the middle parts of 
the centre, non-zoning like baddeleyite is present. 
Based on BSE-images it is more impure (i.e. darker 
appearance) than the one represented as layers. 

EDS-analyses of the darker zircon show non-
stoichiometric Na, Ca and Fe. In the middle to upper 
left parts, the centre seems overprinted by brighter 
zircon. Based on BSE-images the composition of this 
zircon is similar to the one in the rim, although it does 
not show any zoning. 

 
3.2.2.5 Zircon area 5 
The BSE-image of this zircon is dark, but a magmatic 
zoning is observed, which also can be seen in the CL-
image. Baddeleyite is present as bands, which are part 
of the grain’s zoning system. The outer parts of the 
grain are somewhat fractured (Figure 5). 
 
3.2.2.6 Zircon area 6 
This zircon grain shows magmatic zoning, particularly 
in the CL-image. The baddeleyite occurs in bands, 
concordantly with the internal structure of the grain. 
The zircon present outside the baddeleyite is abun-
dantly fractured and these fractures are seemingly halt-
ing at the outer boundary of the baddeleyite domain 
(Figure 5). 
 
3.2.2.7 Zircon area 7 
The centre of this zircon grain consists of non-zoned 
zircon, baddeleyite and an unidentified inclusion. On 
both sides of the baddeleyite, the zircon is slightly 
darker compared to the rest of the grain. Outside the 
centre, the zircon shows magmatic zoning. There are 
numerous inclusions, that originate from the outer 
margin of the grain and that are halting at or near the 
boundary to the centre (Figure 6). 
 
3.2.2.8 Zircon area 8 
This is a complex zircon grain showing many convo-
lute features. In the left side centre of the grain, a non-
zoned zircon and a black inclusion is surrounded by a 
zircon showing magmatic zoning. It is notable that this 
zoning is discordant to the zoning present in the rest of 
the grain. To the left of the non-zoned zircon men-
tioned above, an amorphous baddeleyite domain is 
present (Figure 6). 

The right side of the centre show very few distinct 
structures. This area is mostly occupied by an unzoned 
and slightly darker zircon (compared to the one out-
side this area). Numerous black inclusions are present, 
sometimes in contact with baddeleyite. In addition, 
some of the white lumps are not baddeleyite. EDS-
analyses of some of them show that they are slightly 



14 

ZIRCON AREA 1 

1A 

1B 

ZIRCON AREA 2 

Figure 4: BSE-images of zircon areas 1 and 2 (from top to bottom) for zircon mount for sam-
ple 512028. Zircon appears as grey, baddeleyite as white and inclusions as black. Note that 
the black circular spot is a LA-ICPMS-pit from U-Pb-dating. To the right, enlargements 
with spots for EDS-analyses are shown. Numbers are listed in Appendix 3. 
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ZIRCON AREA 3 

ZIRCON AREA 4 

ZIRCON AREA 5 

ZIRCON AREA 6 
Figure 5: BSE-images of zircon areas 3-6 (from top to bottom) for zircon mount for sample 
512028. Zircon appears as grey, baddeleyite as white and inclusions as black. To the right, 
enlargements with spots for EDS-analyses are shown (zircon area 3 and 4) and CL-images 
are presented (zircon area 5 and 6). Numbers are listed in Appendix 3. 
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impure heavy metal oxides; containing Pb, Th and U. 
In this area, baddeleyite occurs both as bands 
(following the general zoning structure of the grain) 
and as lumps. EDS-analyses show that the black inclu-
sions in the centre of this grain consist of slightly im-
pure quartz with minor amounts of Na, Al, Ca, K and 
Zr. 

The layer outside the centre is occupied by a mag-
matically zoned zircon and some baddeleyite. The 
baddeleyite is mostly following the zoning structure of 
the zircon. At the right short side of the zircon a few 
inclusion associated with fractures are present. Numer-
ous fractures, halting at the boundary to the centre, are 
present in this layer. 
 
3.2.3 Thin section 468720 

3.2.3.1 Zircon area 1 
This zircon grain is surrounded by quartz. The whole 
grain is abundantly fractured, which are mostly paral-
lel. The core shows magmatic zonation. In the upper 
part of the grain, this zonation is cut by the outer zir-
con rim. The left part of the core as well as the right 
part of the rim has darker appearance in BSE-images. 
EDS-analyses of this darker zircon show that it con-
tains non-stoichiometric Al and Fe (Figure 7). 

Baddeleyite occur both as bands and as patchy ir-
regular structures. It also occurs in both the core and 

the rim. Baddeleyite is present in the top right part of 
the grain along the outer margin. There it is in direct 
contact with the surrounding quartz grain. EDS-
analyses of the baddeleyite in this grain show that it 
not Si-free. In addition, minor amounts of Al are de-
tected in the core and Al and Fe in the rim. 

The zircon grain is situated along a major fracture 
system in the surrounding quartz grain. 

 
3.2.3.2 Zircon area 2 
This zircon grain (Figure 7) is surrounded by quartz, 
but at the bottom only a few microns from plagioclase. 
It shows magmatic zoning. In the centre of the grain, 
baddeleyite occur as a band, concordant with the pri-
mary zonation of the zircon. Outside this band two 
fractures originating from the rim halt at the outer 
boundary of the baddeleyite. EDS-analyses of this 
zircon show no anomalous compositions. In the rim, 
baddeleyite occur as a band semi-concordant with the 
zonation. The appearance is more irregular; however 
the band is not uniform. In the bottom of the original 
grain (in the thin section most of the bottom part of the 
grain is gone) isolated baddeleyite blobs are present. 
EDS-analyses of the baddeleyite show that it contains 
small amounts of Si and minor amounts of Al, Fe and 
Ca. Outside the outer baddeleyite domain a darker (in 
BSE-images) zircon is present. EDS-analyses of this 
zircon show non-stoichiometric Al, Fe and Ca. This 

ZIRCON AREA 7 

ZIRCON AREA 8 

Figure 6: BSE-images of zircon areas 7 and 8 (from top to bottom) for zircon mount for 
sample 512028. Zircon appears as grey, baddeleyite as white and inclusions as black. To the 
right, enlargements with spots for EDS-analyses are shown (zircon area 8) and a CL-image is 
presented (zircon area 8). Numbers are  listed in Appendix 3. 
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ZIRCON AREA 1 

ZIRCON AREA 2 

Figure 7: BSE-images of zircon areas 1 and 2 (from top to bottom) for thin section 468720, as 
well as corresponding surroundings. Zircon appears as grey, baddeleyite as white and inclu-
sions as black (surroundings excluded, where zircon appears as white and other surrounding 
minerals as grey-black). Zircon area 1: mineral 6 is quartz. Zircon area 2: mineral 7 is pla-
gioclase and 8 is quartz. Enlargements and spots for EDS-analyses are shown and numbers 
are listed in Appendix 3. 



18 

ZIRCON AREA 3 

ZIRCON AREA 4 

ZIRCON AREA 5 

Figure 8: BSE-images of zircon areas 3-5 (from top to bottom) for thin section for sample 
468720, as well as corresponding surroundings. Zircon appears as grey, baddeleyite as white 
and inclusions as black (surroundings excluded, where zircon appears as white and other 
surrounding minerals as gray-black). Zircon area 3: mineral 4 is quartz and 5 is plagioclase. 
Zircon area 4: mineral 5 is quartz. Zircon area 5: mineral 6 and 7 is biotite, 8 is quartz. 
Enlargements with spots for EDS-analyses are shown and numbers are listed in Appendix 3. 
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zircon grain is associated with an extensive fracture 
system in the surrounding quartz grain. 
 
3.2.3.3 Zircon area 3 
This zircon grain (Figure 8) is primarily surrounded by 
quartz, but it is also in contact with plagioclase. It 
shows no distinct zonation. A major part of the grain is 
showing nearly to totally black appearance in BSE-
images. EDS-analyses of these black areas show that 
they consist of Zr, Fe, Si, Al and Ca (in order of con-
centration by stoichiometry, from high to low). In the 
centre of the grain a irregular patchy baddeleyite do-
main is present. It is surrounded by black zircon. This 
baddeleyite domain is not Si-free. Further, the detec-
tion of minor amounts of Fe, Al and Ti illustrates that 
it is impure. The adjacent grains are fractured and the 
zircon grain is associated with a major fracture in the 
quartz grain. 
 
3.2.3.4 Zircon area 4 
This zircon grain is surrounded by quartz. The zircon 
shows magmatic zoning. The whole grain is fractured 
and numerous inclusions (black spots), often associ-
ated with fractures, are present. SEM-analyses of the 
zircon show no anomalous compositions. Baddeleyite 
occurs as several patchy irregular domains, seemingly 
with no connection to the primary zonation of the zir-
con. These domains are associated with fractures in the 
grain. SEM-analyses of the baddeleyite show that it is 
not Si-free and contains minor amounts of Al and Fe. 
The surrounding quartz grain is fractured and the zir-
con grain is situated along one of these fractures 
(Figure 8). 
 
3.2.3.5 Zircon area 5 
This zircon grain is surrounded by biotite (Figure 8). 
The grain is magmatically zoned. Consistent through-
out the grain is the interlayered texture, where two 
types of zircon are present. The grey (in BSE) zircon 
shows no anomalous elements. In contrast, the black 
(in BSE) zircon is impure, which is indicated by lower 
silica content and the detection of minor amounts of 
Fe, Al and Ca. Further, the whole grain is abundantly 
fractured. Baddeleyite occurs as a jumble of small 
patchy blob-like structures, in the bottom-left part of 
the grain. The left-most part of the baddeleyite domain 
is more regular and band-like. The baddeleyite is os-
tensibly occurring concordant with the primary zona-
tion of the zircon. EDS-analyses of the baddeleyite 
show that it is not Si-free. Furthermore, minor 
amounts of Fe, Al and Ca are detected. The surround-
ing grain is abundantly fractured along the cleavage 
planes. Quartz is present adjacent to the biotite. 
 
3.2.4 Thin section 510155 

3.2.4.1 Zircon area 1 
Firstly, this is the least convincing example of in situ 
Bd-bearing zircon in this sample (Figure 9). The zir-
con grain is situated within plagioclase. It shows dis-
tinct magmatic zoning, although in the far left and 

right part the zoning is less prominent. Some domains 
show darker parts situated in the core as well as the 
outer parts. Several inclusions are present. Numerous 
fractures are present, seemingly concentrated to a layer 
within the zone system and halting at the core. 
Baddeleyite occur as part of the primary magmatic 
zone structure and it is also associated with a dark do-
main of the zircon. EDS-analyses of the baddeleyite 
show that it is not totally Si-free and that it contains 
minor amounts of Al and Ca. Several fractures within 
the host grain are originating from the zircon. 
3.2.4.2 Zircon area 2 
The zircon is mainly situated in plagioclase, but also 
has boundaries to both biotite and apatite. The centre 
of this zircon shows no magmatic zoning; on the con-
trary it largely consists of a darker domain as well as 
some black spots. Outside the centre there is a thin 
layer where the zircon is faintly zoned. Further away 
from the centre the zircon becomes darker and 
baddeleyite occur (Figure 9). 

The baddeleyite domain appears to be part of the 
zircon’s zoning system and occurs as a minor band. 
Through EDS-analyses the impure and not entirely Si-
free baddeleyite has been determined to contain minor 
amounts of Al, Ca, Ti, Fe and Hf. 

At the outer boundary of the baddeleyite, the zircon 
shows magmatic zoning in similar manner as the layer 
outside the centre. In contrast, this layer is pierced by 
several fractures originating from the outer boundary 
of the zircon and halting at or near the baddeleyite. 

The surrounding contains abundant fractures and 
the adjacent plagioclase grain is the most heavily frac-
tured. The zircon is seemingly situated as a fracture 
node. 
 
3.2.4.3 Zircon area 3 
This zircon grain is surrounded by biotite. In this zir-
con, the core is magmatically zoned and shows no sign 
of recrystallisation, inclusions or metamictisation; with 
exception for a small darker spot in the upper part of 
the core associated with the large fracture almost 
crosscutting the whole zircon. Outside the core, a dis-
tinct darker layer is present, in the upper part of the 
zircon marking the transition to baddeleyite (Figure 
10). 

The baddeleyite seem to follow the zircon’s zoning 
pattern. The baddeleyite is not completely Si-free and 
contains minor amounts of Al, Ca, Sc, Ti, Fe, Hf and 
U. In the upper part of the zircon, outside the 
baddeleyite, the zircon shows similar behaviour to that 
in the darker layer whilst the left part of the zircon 
(where no baddeleyite is present) is zoned and similar 
to the core. 

A fracture in the host grain, continuing into the 
adjacent apatite grain, halts at the boundary to the zir-
con. NOTE: the clusters of small white spots in the 
picture showing the surroundings are dirt being 
trapped between the thin section and the carbon coat-
ing. 
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ZIRCON AREA 1 

ZIRCON AREA 2 

Figure 9: BSE-images of zircon areas 1 and 2 (from top to bottom) for thin section for sam-
ple 510155, as well as corresponding surroundings. Zircon appears as grey, baddeleyite as 
white and inclusions as black (surroundings excluded, where zircon appears as white and 
other surrounding minerals as grey-black). Enlargements with spots for EDS-analyses are 
shown and numbers are listed in Appendix 3. Zircon area 2: the clusters of small white spots  
are dirt being trapped between the thin section and the carbon coating (lowermost picture). 
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ZIRCON AREA 3 

3.2.5 Thin section 512028 

3.2.5.1 Zircon area 1 
This zircon grain is surrounded by quartz. The core 
shows a mottled texture, and baddeleyite occurs as 
arbitrarily shaped structures, seemingly positioned 
totally at random. Further, a few less dense (totally 
black in BSE-images) inclusions are present in the 
core. EDS-analyses of one of these Bd-domains show 
that it is impure. Further, it is not Si-free and shows 
minor amounts of Al, Ca, Ti, Fe and U (Figure 11) 

The boundary between the core and the rim is dis-
tinct and the rim shows a faint zoning. Baddeleyite 
domains mainly occur along this boundary. A few 
baddeleyite domains are present outside the core-rim 
boundary and here they seem to follow the zoning of 
the zircon. Numerous fractures and inclusions are pre-
sent in the rim. EDS-analyses of one of the core-rim-
domains show that it is impure, contains small 
amounts of Si as well as minor amounts of Al, Ti, Fe, 
and U. 

The host quartz grain show abundant fractures 
originating from the zircon. Other grains adjacent to 
the quartz grain are K-feldspar and plagioclase. The 
Kfs grain is heavily fractured and along these fractures 
an unidentified mineral is present. 
 

 

3.2.5.2 Zircon area 2 
This zircon grain is surrounded by quartz (Figure 11). 
It shows a distinct magmatic zoning throughout the 
whole grain. In the outer parts of the grain a few inclu-
sions and fractures are present. The large white Bd-
domain in the left part of the grain occurs as a banded 
and as part of the zoning system. In addition, a less 
distinct Bd-band is present in the right part of the 
grain. EDS-analyses show that the baddeleyite is im-
pure. It is not Si-free and contains minor amounts of 
Al, Ca, Fe and U. Inside the baddeleyite band, the zir-
con show slightly darker appearance in comparison 
with the rest of the grain. This darker zircon, also ex-
tends a few microns outside the baddeleyite band. 

The host grain is abundantly fractured where nu-
merous fractures are originating from the zircon grain. 
 
3.2.6 Thin section 512075 

3.2.6.1 Zircon area 1 
This zircon grain is surrounded by quartz. It shows 
magmatic zonation and is abundantly fractured. Nu-
merous inclusions, often associated with fractures, are 
present. The centre of the grain shows slightly lighter 
appearance in BSE compared to the rim. However, 
SEM-analyses show no compositional difference or 
anomalous elements (Figure 12). 

Baddeleyite occurs in two textural contexts, as 

Figure 10: BSE-images of zircon area 3 for thin section for sample 468720, as well as corre-
sponding surrounding. Zircon appears as grey, baddeleyite as white and inclusions as black 
(surroundings excluded, where zircon appears as white and other surrounding minerals as 
grey-black). Enlargements are shown with spots for EDS-analyses and numbers are listed in 
Appendix 3. 
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ZIRCON AREA 1 

ZIRCON AREA 2 
Figure 11: BSE-images of zircon areas 1 and 2 (from top to bottom) for thin section for sam-
ple 512028, as well as corresponding surroundings. Zircon appears as grey, baddeleyite as 
white and inclusions as black (surroundings excluded, where zircon appears as white and 
other surrounding minerals as grey-black). Zircon area 1: Mineral number 3 is quartz, 4 is k
-feldspar and 5 is plagioclase. Enlargements and spots for EDS-analyses are shown and num-
bers are listed in Appendix 3. 
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patchy scattered domains in the outer parts of the 
brighter zircon. In the left part of the grain, a larger 
domain occurs. EDS-analyses show that it is not Si-
free and contains minor amounts of Al, Ca, Ti, Fe and 
Hf. In the right part of the grain the domain is smaller. 
This domain differs from the other one by the detec-
tion of U and the lack of Ti and Hf. Both domains are 
associated with fractures. These fractures originate 
from the outer edge of the zircon grain and halt at the 
outer boundaries of the baddeleyite domains.  

The surrounding quartz is slightly impure, contain-
ing smaller amounts of Al and Th. Fractures are abun-
dant throughout the grain and the right tip of the zircon 
grain is situated in a fracture triple junction. A plagio-
clase grain is present adjacent to the quartz grain. 

 
3.3 Geochemistry 
Normative calculations (CIPW-norm) were made for 
four of the samples. It is notable that all of the samples 
are containing normative corundum (i.e. they are per-
aluminous). 

Further, the zircon saturation temperature was cal-
culated to around 750 °C. Numbers are presented in 
Appendix 5. All calculations were made with the soft-
ware Geochemical Data Toolkit (GCDkit) (Janoušek 
et al. 2006). 

 

4 Discussion 
4.1 Zircon occurrence 
Zircon is occurring in association with biotite, quartz, 
plagioclase, K-feldspar and apatite in the rocks studied 
here. There is no clear link between zircon occurrences 
and surrounding mineral. However, zircon is most 
commonly occurring in association with biotite and 
quartz. 

Furthermore, SEM-imaging shows that baddeleyite 
bearing zircon grains are to great extent surrounded by 
quartz, which seems to imply steep geochemical gradi-
ents as quartz should buffer SiO2 and keep zircon sta-
ble. Only a few of the studied zircon grains are sur-
rounded by or in contact with other minerals (biotite, 
plagioclase and apatite). 

The zircon saturation temperatures calculated 
(~750 °C) could suggest that zircon has crystallised 
over a large interval of the formation of the rocks. E.g. 
in sample 510155 (the NGI granite), zircon grains are 
present in all mineral phases of the rock and this corre-
lates well with the calculated zircon saturation tem-
perature. It is not possible to link the zircon saturation 
temperature to the formation of baddeleyite however. 
A rather large possible error source is the presence of 
baddeleyite in these rocks, making the apparent zircon 
concentration higher than the actual. 

ZIRCON AREA 1 

Figure 12: BSE-images of zircon area 1 for thin section for sample 512075, as well as corre-
sponding surroundings. Zircon appears as grey, baddeleyite as white and inclusions as black 
(surroundings excluded, where zircon appears as white and other surrounding minerals as 
grey-black). Mineral number 6 is quartz and 7 is plagioclase. Enlargements and spots for 
EDS-analyses are shown and numbers are listed in Appendix 3. 
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4.2 SEM-EDS 
There are two different textural occurrences of these 
baddeleyite domains; as bands concordant with the 
primary zircon zonation, and as patchy irregular blob-
like domains. It is possible that these occurrences are 
derived from different processes. In some cases 
baddeleyite occur along the outer margin of the zircon 
grain. It is notable that, in these cases, the baddeleyite 
is in direct contact with quartz. 

The baddeleyite domains are impure. They are not 
silica-free and minor amounts of trace elements, such 
as uranium and hafnium, are also detected within the 
baddeleyite. The most striking observation however, is 
the detection of aluminium, calcium and iron in the 
baddeleyite. This is especially well illustrated by the 
line scan results. 

Towards each baddeleyite domain, zircon often 
becomes darker in BSE. EDS-analyses demonstrate 
that the darker zircon is impure; containing minor 
amounts of non-stoichiometric elements, such as cal-
cium, iron, sodium and titanium. 

The part of the zircon grain outside the baddeleyite 
domain is often abundantly fractured. The fractures 
usually stop at or near the outer boundary of the 
baddeleyite domain. This pattern correlates especially 
well for the patchy irregular baddeleyite occurrences. 

Possible sources of error for the EDS-analyses are: 
For a large number of analyses the EDS spot size was 
larger than the analysed area. Therefore many of the 
EDS-analyses are composite analyses of several min-
erals, domains or zones. This could imply detection of 
elements that are not present in the marked spot. The 
detection of silica in the baddeleyite could be a distur-
bance effect from underlying zircon. Since the 
baddeleyite domains are small (and probably thin), this 
is rather probable. Yet, the silica amounts are rather 
similar in all analyses (mean = 0.31, relative standard 
deviation = 50 %, n = 29).The detection of chlorine in 
some EDS-analyses could be a disturbance effect from 
the epoxy in the mount, which contains chlorine. A 
systematic error is also present throughout the EDS-
analyses, making the stoichiometric silica-zirconium 
ratio become ~0.88:1.12 instead of the presumed 1:1. 
This makes it impossible to compare the analyses 
quantitatively. Although it is still possible to make 
qualitative and relative comparisons, both within 
grains and between grains. 

 
4.3 Primary or secondary processes? 
The baddeleyite occurrence concordant with the pri-
mary structure is, as earlier mentioned, well ordered 
and symmetric. This suggests an origin derived from a 
primary process (i.e. crystallisation from a magma). 
This hypothesis is testable as the age of the host rock 
and host zircon is known in many cases, and a contem-

poraneous baddeleyite, would support a primary ori-
gin. Such detailed geochronology is beyond the scope 
of this study however. 

Patchy and irregular baddeleyite occurrences lack 
connection to any primary structure. Therefore it is 
improbable that their origin is of a primary nature. A 
darker zircon, recognised in EDS-studies by signifi-
cantly lower silica content and the detection of anoma-
lous elements, e.g. sodium and calcium, is often asso-
ciated with this type of occurrence. In one of the sam-
ples (468720), metamorphic breakdown of muscovite 
has been identified (Eq. 2), which is a fluid creating 
process. In the same sample the lack of feldspars is 
interpreted as possible leaching of sodium and calcium 
from the plagioclase due to early hydrothermal activ-
ity. All of the baddeleyite bearing zircon grains studied 
in this sample also contain this darker zircon. Based on 
this, I suggest that the baddeleyite bearing zircon 
grains in this sample have been exposed to sodium and 
calcium rich (strongly alkaline) fluids during the meta-
morphism, resulting in leaching of silica and enrich-
ment in sodium, calcium and immobile elements (such 
as uranium and hafnium). Such a scenario is indeed 
compatible with all observations in zircon grains with 
blobby baddeleyite occurrences, i.e. detectable Hf and 
U, silica decrease in partially affected zircon and oc-
currence of e.g. Na. Other elements could also give the 
impression of enrichment, but may be detected due to 
the changes in mass balance implied by this model. 

 
4.4 Possible explanations 
Here I propose a preliminary explanation for each of 
the two end-member types of occurrences. For the 
occurrences of baddeleyite that are concordant with 
the primary zonation, I suggest that variation in silica 
activity in the magma is the cause for the presence of 
baddeleyite. This would make the magma crystallise 
zircon when the silica activity is high and baddeleyite 
when the magma is temporarily or locally silica under-
saturated. In contrast, I suggest that the occurrences of 
patchy irregular domains are due to later hydrothermal 
alteration of the zircon grains. This model is supported 
by the fracture patterns associated with this type of 
occurrence of baddeleyite, by their anheadral habitus, 
and geochemical characteristics. 

 

5 What next? 
To further investigate this phenomenon and reach a 
more solid theory, some future work is needed. For 
example, precise and accurate U-Pb geochronology of 
zircon and baddeleyite domains will provide important 
clues to the origin and timing of baddeleyite generat-
ing events. Linking baddeleyite formation with meta-
morphism will probably provide important clues about 
metamorphic fluid chemistry and reactions during 

3 3 10 2 2 5 2 22( ( ) ) 2 3( ) 3( ) 2 3( )KAl Si O OH H Al SiO SiO K H O     [Eq. 2] 
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various metamorphic stages. U-Pb age data should 
ideally be linked with O-Hf data, which might provide 
further evidence on the origin and on metamorphic 
fluids. 
 

6 Conclusions 
 This phenomenon is present as two types of 

occurrences, possibly originated from different 
processes. 

 Possible explanations of the phenomenon are 
variation in silica activity as a primary process 
and later hydrothermal alteration as a secondary 
process. 
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Appendix 1: Thin section overveiws 
Thin section 468720 
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Thin section 508602 
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Thin section 510155 
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Thin section 512013 
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Thin section 512028 
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Thin section 512075 
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Appendix 2: Photos of zircon grains in thin section 
Thin section 468720b 

Photo number 1 for thin section 468720b showing zircon grains in biotite. To the left, under plane polarised light. 
To the right, cross polarised light. 

Photo number 2 for thin section 468720b showing a zircon grain in quartz. To the left, under plane polarised light. 
To the right, cross polarised light. 

Photo number 1 for thin section 508602 showing a zircon grain in plagioclase. To the left, under plane polarised 
light. To the right, cross polarised light. 

Thin section 508602 
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Photo number 2 for thin section 508602 showing a zircon grain in quartz. To the left, under plane polarised light. 
To the right, cross polarised light. 

Photo number 1 for thin section 510155 showing  zircon grains in biotite. To the left, under plane polarised light. 
To the right, cross polarised light. 

Thin section 510155 

Photo number 2 for thin section 510155 showing  zircon grains in quartz. To the left, under plane polarised light. 
To the right, cross polarised light. 
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Photo number 3 for thin section 510155 showing a zircon grain in plagioclase. To the left, under plane polarised 
light. To the right, cross polarised light. 

Photo number 4 for thin section 510155 showing  a zircon grain in K-feldspar. To the left, under plane polarised 
light. To the right, cross polarised light. 

Photo number 5 for thin section 510155 showing  zircon grains  in apatite. To the left, under plane polarised light. 
To the right, cross polarised light. 
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Photo number 1 for thin section 512013 showing a zircon grain in K-feldspar. To the left, under plane polarised 
light. To the right, cross polarised light. 

Thin section 512013 

Photo number 2 for thin section 512013 showing a zircon grain in chlorite. To the left, under plane polarised light. 
To the right, cross polarised light. 

Photo number 3 for thin section 512013 showing a zircon grain in quartz. To the left, under plane polarised light. 
To the right, cross polarised light. 
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Photo number 1 for thin section 512028 showing a zircon grain in quartz. To the left, under plane polarised light. 
To the right, cross polarised light. 

Thin section 512028 

Photo number 2 for thin section 512028 showing a zircon grain in plagioclase. To the left, under plane polarised 
light. To the right, cross polarised light. 

Photo number 3 for thin section 512028 showing a zircon grain in K-feldspar. To the left, under plane polarised 
light. To the right, cross polarised light. 
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Photo number 1 for thin section 512075 showing a zircon grain in biotite. To the left, under plane polarised light. 
To the right, cross polarised light. 

Thin section 512075 

Photo number 2 for thin section 512075 showing a zircon grain in quartz. To the left, under plane polarised light. 
To the right, cross polarised light. 

Photo number 3 for thin section 512075 showing a zircon grain in plagioclase. To the left, under plane polarised 
light. To the right, cross polarised light. 
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U       0.01   

O 4 4 4 2 4 
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Appendix 2: EDS-data 
N.B.: For almost all of the baddeleyite domains and some of the zircon zones, the spot size is larger than the ana-
lysed area. Therefore analyses can be composite analyses of several minerals, zones or domains. Analyses of 
baddeleyite domains are marked with red numbers. 
 

Zircon mount 510155 
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Zircon mount 512028 
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Thin section 468720 
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Thin section 510155 
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Thin section 512075 
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Zircon mount 510155 
Zircon area 4 
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Zircon mount 512028 
Zircon area 1A 
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Zircon mount 512028 
Zircon area 1B 
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Zircon mount 512028 
Zircon area 2 
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Zircon mount 512028 
Zircon area 3 
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Zircon mount 512028 
Zircon area 4 
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Thin section 468720 
Zircon area 1 
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Thin section 512075 
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Appendix 4: Geochemical data  
 
CIPW-norm 
Norm mineral (%) 510155 512013 512028 512075 

Qtz 
30,9 37,5 27,3 43,0 

Crn 
0,87 0,86 0,21 1,17 

Or 
12,2 27,1 16,9 22,2 

Ab 
41,0 22,3 35,6 18,5 

An 
11,0 8,59 13,7 13,0 

Hy 
1,12 1,44 2,09 0,45 

Ilm 
0,04 0,04 0,09 0,02 

Hem 
1,52 1,29 2,70 0,43 

Rt 
0,18 0,13 0,31 0,04 

Ap 
0,17 0,14 0,28 0,05 

Sum 
99,2 99,4 99,3 98,9 

Zircon saturation temperature 

Sample 510155 512013 512028 512075 

T/°C 
745 766,8 745 764,8 
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