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Abstract
The Saxonian Granulite Massif comprises various granitoid intrusions with different stages of deformation but of similar ages. However, 
there is only little knowledge about the magmatic source of these rocks. Combining the external and internal morphology of zircons and 
taking into consideration their Th-U values allows the differentiation of the granitoids into at least two groups of distinct evolution.

Kurzfassung
Innerhalb des Sächsischen Granulitgebirges treten verschiedene Granitoidintrusionen auf, welche sich zwar im Grad der Deformation 
unterscheiden, jedoch alle ähnliche Alter aufweisen. Über die magmatische Quelle dieser Gesteine ist bisher wenig bekannt. Durch die 
Kombination von Methoden, welche sowohl Merkmale der externen als auch internen Zirkonmorphologie verwenden, sowie durch die 
Berücksichtigung der Th/U-Verhältnisse dieser Zirkone, ist eine Unterteilung in mindestens zwei Gruppen granitoider Gesteine mit unter-
schiedlicher Genese möglich.

1.  Introduction

The Saxonian Granulite Massif (SGM) was subject of 
numerous studies during the last 25 years (e.g. Gottes-
mann 1987, von Quadt 1993, Reinhardt & Kleemann 
1994, Kroner 1995, Baumann et al. 1997, Romer & Rötz-
ler 2001, Rötzler et al. 2004, Rötzler & Romer 2010). 
Throughout this time, rocks of the SGM, mostly granu-
lites, were predominantly investigated with focus on P-T-t 
evolution and geochronology.
 Zircon is known to vary broadly in its crystal habitus 
in response to the growing conditions of their environ-

mental setting (Pupin 1980, Vavra 1994). Hence, the pre-
sent study deals with the morphology of granitic zircons 
to gain knowledge about their formation and to differen-
tiate several granitoid intrusions of almost the same age 
in the SGM (Nasdala et al. 1998, Gehmlich 2003).
 Due to its characteristics like the resistance to weath-
ering (Mange & Maurer 1991) and crustal processes as 
well as the nature of its crystal lattice (Finch & Hancher 
2003, Hoskin & Schaltegger 2003), zircon is one of the 
best studied igneous minerals. Numerous empirical in-
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vestigations revealed a systematic variation of zircon 
morphology for the main types of granitoids (Pupin & 
Turco 1972, 1975, Pupin 1976, 1980, 1990). It has to be 
remarked that a classification sensu Pupin (1980) consid-
ers only external zircon morphology. An extension of this 
method was established by Vavra (1994), who addition-
ally used cathodoluminescence-imaging (CL) of internal 
zircon structures to identify former morphotypes.

2.  Geological setting

The SGM is one part of the allochthonous domain of 
the Saxo-Thuringian Zone, situated at the north-western 
margin of the Bohemian Massif. The massif has an el-
liptic dome-like structure with a core predominantly 
consisting of felsic, very fine-grained granulites with 

inclusions of mafic granulites, garnet-pyroxenites and 
garnet-serpentinites. High-temperature shear zones sepa-
rate the granulites in the core from deformed and partly 
transformed granulites at its margin and from a Palaeo-
zoic schist cover of metasedimentary rocks in the roof as 
well (Fig. 1; Reinhardt & Kleemann 1994, Kroner 1995). 
Peak of metamorphism for the granulites is defined at 
340 – 341 Ma, with U/Pb- and Pb/Pb-zircon ages ranging 
between 320 Ma and 485 Ma (von Quadt 1993, Vavra & 
Reinhardt 1997, Baumann et al. 1997, Vavra et al. 1998, 
Kröner et al. 1998, Romer & Rötzler 2001, Rötzler et al. 
2004).
 Apart from the granulites and meta-sedimentary 
rocks, several granites occur within the SGM. In general, 
four main types of granites can be distinguished accord-
ing to their degree of deformation: i) Mittweida granite 
body, ii) Berbersdorf granite body, iii) granite gneisses 
(the so-called Lagergranite) and iv) smaller granitic 
dykes (Gottesmann 1987). Whereas the Mittweida gran-
ite is undeformed, the Berbersdorf granite is moderately 
to strongly deformed and the granite gneisses are very 

Fig. 1. Simplified geological map of the SGM based on Pietzsch (1962) with indicated sample localities.

Abb. 1. Vereinfachte geologische Karte des SGM basierend auf Pietzsch (1962) mit eingetragenen Fundorten.
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strongly deformed. Granites of the smaller dykes can 
show every degree of deformation (Gottesmann 1987). 
Previous studies report apparent ages of 333 ± 5 Ma (Nas-
dala et al. 1998) and 337 ± 5 Ma (Gehmlich 2003) for the 
Mitt weida granite.

3.  Samples and methods

In this case study, we compare zircons from i) the large 
granitic intrusion of Mittweida [GrMit], from ii) a small 
dyke from Penig [Gr3] and from iii) a granite to gran-
ite gneiss from a sill, collected near Hermsdorf in the 
Fürstenwald [Gr4] (Fig. 1; for coordinates of each sam-
ple, see results below). The main objective was the dif-
ferentiation of these three granitic samples using other 
characteristics than U-Pb dating due to their almost iden-
tical intrusion ages (Early Carboniferous, Viséan).
 After crushing 1 – 2 kg of the unweathered sample 
material in a jaw crusher, material was sieved for the 
fraction from 45 – 400 µm. Heavy mineral separation 
was achieved from this fraction using LST (lithium 
heteropolytungstate in water) prior to magnetic separa-
tion in the Frantz isomagnetic separator. Final selection 
of zircon grains was achieved by hand-picking under 
a binocular microscope (ZEISS Stemi 2000-C). Sub-
sequently, zircons of all sizes and morphological types 
were selected and put on a tape. The grains were coated 
with carbon followed by the sputtering with an alloy of 
gold and palladium. Afterwards, back scattered electron-
imaging (BSE) was performed via scanning electron 
microscope SEM (ZEISS Evo 50). Last steps included 
mounting and polishing prior to CL-imaging. For sta-
tistical reasons, at least 200 grains per sample were in-
vestigated with respect to their morphology sensu Pupin 
(1980) and Vavra 1994. Due to roundness or fracturing 
not every grain could be exactly classified.
 Zones showing monophase growth patterns were 
preferentially selected for placement of laser abla-
tion spots for isotope analyses in order to avoid mixed 
U-Pb ages resulting from different late- to postmagmatic 
or metamorphic influences. Measurements for U, Th 
and Pb took place at the Senckenberg Naturhistorische 
Sammlungen Dresden, Museum für Mineralogie und 
Geologie, Sektion Geochronologie, and were carried out 
via LA-ICP-MS (Laser Ablation with Inductively Cou-
pled Plasma Mass Spectrometry) techniques. A Thermo-
Scientific Element 2 XR instrument coupled to a New 
Wave UP-193 Excimer Laser System was used (for data, 
see Tab. 1). For ablation, the mounts were put into a 
teardrop-shaped, low volume laser cell produced by Ben 
Jähne (Dresden, Germany), which enables sequential 
sampling of heterogeneous grains (e.g. growth zones) 
during time-resolved data acquisition. Single measure-
ment of one spot contained approximately 15 s back-

ground acquisition followed by 30 s data acquisition. 
Depending on grain size and structure, spot sizes ranged 
between 15 µm and 35 µm. Further specifications on the 
settings of the instrument are available in Tab. 1. If nec-
essary, correction of common-Pb was carried out, based 
on the interference- and background-corrected 204Pb 
signal and a model Pb composition (Stacey & Kramers 
1975). Judgement of necessity for correction depended 
on whether the corrected 207Pb/206Pb value lay outside 
the internal errors of the measured ratios. Interpretation 
with respect to the obtained ages was done for all grains 
within a range of 90 – 110% of concordance (e.g. Mein-
hold et al. 2011). Discordant analyses were generally in-
terpreted with caution, even if they define a discordia. 
Finally, raw data were corrected for background signal, 
common-Pb, laser induced elemental fractionation, in-
strumental mass discrimination, depth- and time-depen-
dant elemental fractionation of Pb/Th and Pb/U by use 
of an Excel® spreadsheet program developed by Axel 
Gerdes (Frankfurt am Main, Germany). Measurement of 

Table  1. Settings for the instruments used in the laboratory of 
the Senckenberg Naturhistorische Sammlungen Dres-
den, Museum für Mineralogie und Geologie, Sektion 
Geochronologie – Excimer Laser, New Wave, UP 193 
and ICP-MS, Thermo Fisher, Element 2 XR.

Tabelle  1. Einstellungen der Instrumente im Labor der Sencken-
berg Naturhistorischen Samm lungen Dresden, Museum 
für Mineralogie und Geo logie, Sektion Geochronolo-
gie – Excimer Laser, New Wave, UP 193 und ICP-MS, 
Thermo Fisher, Element 2 XR.

ICP-MS Finnigan Element 2 XR

Forward Power 1390 W

Gas flow rate 15.0 l min –1 (plasma)
1.07 l min –1 (aux)

Scan mode E-scan

Scanned masses 202, 204, 206, 207,  
208, 232, 235, 238,

Mass resolution 300

Dead time 18 ns

Oxide UO+/U+ < 1%

Dwell time 4 ms

Settling time ≤ 1 ms/amu

Number of scans 1500

Background 15 s

Ablation time 30 s

Integration time 1.4 s (= 25 scans)

Laser system UP193 New Wave
193 nm, excimer

Nominal spot diameter 25 – 35 µm (unknowns)
35 µm (standard)

Carrier gas 0.25 l min –1 He 
1.1 l min –1 Ar

Laser settings 10 Hz, 55% LP

Drill speed (DS) / 
Raster scan speed (RSS)

~ 0.5 µm/s (DS)

Cell volume c. 3 cm3

Sensitivity 6 × 10 6 counts/pg U
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Th/U ratios was carried out parallel to U-Pb determina-
tion with the same combination of instruments. Reported 
uncertainties were propagated by quadratic addition of 
the external reproducibility obtained from the standard 
zircon GJ-1 (~ 0.6% and 0.5 – 1.0% for the 207Pb/206Pb 
and 206Pb/238U, respectively) during individual analytical 
sessions and the within-run precision of each analysis. 
Visualisation of concordia diagrams (2 σ error ellipses) 
and concordia ages (95% confidence level) was achieved 
using Isoplot/Ex 2.49 (Ludwig 2001). Frequency as well 
as relative probability plots were generated via AgeDis-
play (Sircombe 2004). For zircons with ages older than 
1 Ga, 207Pb/206Pb ages were taken for interpretation, for 
younger grains, the 206Pb/238U ages were used for inter-
pretation. For further details on analytical protocol and 
data processing, see Gerdes & Zeh (2006).
 Calculating the Th/U ratio helps to characterise the 
different granitoides. Due to stability of the Th-U system 

it is possible to use the ratios of both, concordant as well 
as discordant grains, to reveal differences between the 
granitoid samples (Hoskin & Schaltegger 2003).

4.  Results

4.1. GrMit, monzo- to syenogranite, 
  large intrusive body:  
  50°59’14.63” N; 13°00’00.89” E

A total of 214 zircons of sample GrMit were studied. Of 
all grains, 180 can be classified according to the diagram 

Fig. 2. Summarised results of all analyses conducted on zircons from samples GrMit, Gr3 and Gr4: a, Calculated concordia ages of each 
sample, which are interpreted to date the intrusion; b, Th/U ratios of all concordant and discordant zircons of each sample; c, Fre-
quency distribution pattern of morphotypes of each sample according to Pupin (1980); d, BSE-images of typical zircon grains of 
each sample; e, CL-images of typical zircon grains of each sample.

Abb. 2. Zusammenfassung der Ergebnisse aller Analysen an Zirkonen der Proben GrMit, Gr3 und Gr4: a, Berechnete Konkordia-Alter für 
jede Probe, welche als Intrusionsalter interpretiert werden; b, Th/U Verhältnisse aller konkordanten und diskordanten Zirkone der 
jeweiligen Probe; c, Häufigkeitsverteilung der Morphotypen innerhalb einer jeden Probe nach Pupin (1980); d, BSE-Bilder von 
für die jeweilige Probe typischen Morphotypen; e, CL-Bilder von typischen Zirkonen einer jeden Probe.
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of Pupin (1980). The majority of zircons show S24 and 
S25 morphology, subpopulations form a path including 
S9, S14 and S19 morphotypes (Fig. 2c, d). Only few 
grains display typical features of magmatic zircon, such 
as well-developed and undisturbed growth zoning (Corfu 
et al. 2003). Most of the zircon grains exhibit either lo-
cal recrystallisation or convolute zoning, pointing to late- 
to post-magmatic influences (Corfu et al. 2003), or they 
show features indicating metamorphic overprint like sec-
tor and fir-tree zoning or total homogenisation. A number 
of 35 of the 148 zircon grains (152 spots) analysed for age 
determination display concordant ages ranging between 
325 ± 8 Ma and 482 ± 11 Ma (Tab. 2). The vast majority of 
ages cluster around 335 Ma, with a calculated concordia 
age of 335 ± 2 Ma (Fig. 2a). Older grains are rare and dis-
play ages between 347 Ma and 482 Ma. Obtained Th/U 
values of all measured zircons as well as concor dant 
grains are between 0.03 and 4.33, while roughly 90% of 
them have values smaller than 1 (Fig. 2b).

4.2. Gr3, microgranite, small dyke:   
  50°55’51.23” N; E12°41’24.69” E

Sample Gr3 contained 291 zircons of which 231 are 
definable according to Pupin (1980), mostly cluster-
ing around S25 morphotype. A minor concentration is 
characterised by the S7 type (Fig. 2c, d). Additionally, a 
notable amount of grains displays a broad variation of 
morphotypes. The zircons of this sample largely show 
internal textures related to magmatic growth (Corfu et 
al. 2003), but more than half of them display some late- 
to post magmatic growth characteristics. The remaining 
zircon grains indicate metamorphic overprint of different 
stages (Fig. 2e). U-Pb measurements of 108 zircons (119 
spots) yield 45 concordant ages between 320 ± 8 Ma and 
488 ± 12 Ma (Tab. 3). Most of the concordant zircons are 
grouped around 334 Ma with a resulting calculated con-
cordia age of 334 ± 2 Ma (Fig. 2a). Few older grains have 
ages between 342 Ma and 488 Ma. The Th/U values vary 
from 0.03 – 2.31 for all grains, while almost 90% of them 
are below 1, which is the same for concordant zircons 
(Fig. 2b).

4.3. Gr4, granite to granite gneiss, 
  large intrusive body:  
  51°04’41.38” N; 12°53’05.19” E

This sample contained 253 zircon grains, of which 
226 can be classified according to Pupin (1980). They 
predominantly plot around P2 – P5 morphotypes (Fig. 
2c, d). The internal textures of zircons from this sam-
ple are mostly represented by undisturbed concentric 
growth zones, suggested to be related to magmatic crys-

tal growth (Corfu et al. 2003). Nevertheless, there are 
several grains showing characteristics of metamorphic 
overprint (Fig. 2e). 17 of 127 zircon grains (138 spots) 
yield concordant ages. The youngest concordant grain 
is dated at 300 ± 6 Ma, the oldest grain analysed reveals 
an age of 389 ± 9 Ma. Most of the concordant grains lie 
between 330 Ma and 336 Ma, resulting in a concordia 
age of 334 ± 2 Ma (Fig. 2a, Tab. 4). The Th/U ratio range 
stands at between 0.05 and 2.06 for all analysed grains 
and between 0.08 and 1.29 for concordant grains, while 
the vast majority of them yield values smaller than 0.5 
with a distinctive peak at ca. 0.1 (Fig. 2b).

5.  Discussion

The calculated U-Pb zircon ages for the three analysed 
granitoid rocks range between 334 ± 2 Ma and 335 ± 2 Ma, 
which is equal within the errors. All zircon grains young-
er than 330 Ma are interpreted as slightly discordant, and 
thus are possibly affected by post-intrusive events. Older 
inherited grains are rare and yield ages between 342 Ma 
and 488 Ma, while the age distribution pattern of them is 
nearly the same in samples Gr3 and GrMit. In contrast, 
sample Gr4 does not contain zircons older than 400 Ma. 
As neither intrusion age, nor inheritance of older grains 
differs significantly between the analysed samples, other 
characteristics of zircons have to be investigated to re-
veal possible variations concerning the origin of the in-
trusions.
 Due to this, 758 zircon grains of the three samples 
were investigated with respect to their morphology sensu 
Pupin (1980). The percentage of definable grains with 
respect to their morphotypes varies between 79% in Gr3 
and 89% in Gr4. Samples GrMit and Gr3 show quite sim-
ilar distribution patterns with comparable percent ages 
and a broad diversity of morphotypes. These obtained 
variations are typical for S-type granitoids (Pupin 1980, 
Belousova et al. 2005). Nevertheless, both samples have 
different maxima within the fields of S24/S25 (GrMit) 
and S25/S7 (Gr3). A specific feature of sample Gr3 is a 
noteworthy amount of extremely shortened zircon crys-
tals. Gr4 has a completely different pattern (Fig. 2c), 
forming a characteristic path according to Pupin (1980). 
In this sample, the majority of the grains plots within 
the fields P3 and P4. The adjacent fields P2 and P5 also 
comprise a high percentage of zircons. Typically, alka-
line and hyperalkaline I-type granitoids are represented 
by such a distribution pattern (Pupin 1980, Belousova et 
al. 2005). Taking into consideration the mentioned differ-
ences within the distribution pattern of morphotypes, we 
can clearly distinguish between samples Gr3 and GrMit 
on the one hand and Gr4 on the other.
 The analysis of the internal morphology according to 
Vavra (1994) and Corfu et al. (2003) is a second char-
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acteristic studied in addition to the U-Pb zircon ages. 
Within samples Gr3 and GrMit, there are only few grains 
showing typical features of magmatic zircons like well-
developed and undisturbed growth zoning (Corfu et al. 
2003). Zircon grains with characteristics pointing to late- 
to post-magmatic phenomena, such as local recrystallisa-
tion or convolute zoning (Corfu et al. 2003), dominate in 
these samples. A third group of zircon grains in Gr3 and 
GrMit is characterised by larger areas of recrystallisation 
and overgrowth, as well as features typical for zircons 
of high-grade metamorphic rocks like fir-tree sector zon-
ing or overgrowths with radial sector zoning (Vavra et 
al. 1998, Corfu et al. 2003). This mixture of undisturbed 
magmatic and however influenced grains is interpreted to 
result from different melt sources. Thus, both of the gran-
itoids Gr3 and GrMit probably contain zircons from the 
surrounding high-grade metamorphic granulites and pos-
sibly further (meta-) sedimentary sources. Sample Gr4 
shows a completely different distribution pattern with a 
majority of undisturbed magmatic grains and few zircons 
characterised by late- or post-magmatic influences. The 
magmatic grains do not give hints to any evidence for a 
former external morphology according to Vavra (1994) 
or Köksal et al. (2008). Crystals with attributes of meta-
morphism are rare. This is in accordance to the hypo-
thesised I-type character of this sample, which is deduced 
from morphotype analysis. Although it is described as 
the most deformed rock (granite gneiss) of the investi-
gated samples (Gottesmann 1987), the deformation did 
not seem to have a major effect on the internal morpho-
logy of the zircon grains. Additionally, the small amount 
of grains with inclusions of xenocrysts or xenocrystic 
cores occuring in sample Gr4 is not a peculiarity. These 
are observed in an equating quantity also within the other 
two samples.
 The last studied characteristic of the zircons, the Th/U 
ratio, corroborates the already supposed classification of 
the samples. While Gr3 and GrMit show a scattered dis-
tribution of Th/U values, interpreted as a potential sign of 
several magmatic sources, Gr4 is dominated by zircons 
with very low Th/U ratios (Fig. 2b), most likely indicat-
ing an origin from only one magmatic source. Very low 
Th/U ratios seem to be characteristically for altered and 
newly grown zircons as well (e.g. Vavra et al. 1996, Zeh 
et al. 2010).
 With reference to the results, we can distinguish be-
tween two potential groups of granitoids. The first group 
is represented by the samples Gr3 and GrMit. They con-
tain zircons with broad variation of external morpholo-
gies and an internal morphology dominated by late- to 
post-magmatic or metamorphic phenomena, accompa-
nied by a wide range of Th/U values. This group is in-
terpreted to originate from melts, which at least partially 
contain significant amounts of zircons from sedimentary 
and metamorphic sources, and thus can be classified as 
S-type granitoids (Clemens 2003, Köksal et al. 2008). 
Caused by the high grade of metamorphism of the rocks 
adjacent to the granitoids, there is no constraint about 
the maximum depositional age of the potential proto-

liths (Clemens 2003). The second group is characterised 
by sample Gr4. The predominance of magmatic grains, 
which do not show different earlier external morpholo-
gies sensu Vavra (1994), as well as the strictness of the 
path formed by the morphotypes point to a mantle source 
(Pupin 1980) of the magma and do not give any evidence 
for rapid changes in chemical conditions (Vavra 1994, 
Köksal et al. 2008).
 In contrast to the investigations of Gehmlich (2003), 
within this study, the granite of Mittweida (sample 
GrMit) does not show an alkaline path peculiar to alka-
line granitoids. This is probably due to different sample 
localities within this large granitic body. Consequently, 
the granitic intrusion of Mittweida probably did not only 
melt sedimentary rocks, but also magmatites.

6.  Conclusions

We suppose that morphotypological investigations ac-
cording to Pupin (1980) in combination with studies of 
the internal morphology introduced by Vavra (e.g. 1990, 
1994) and measurements of the Th/U ratios in zircons 
can help to distinguish between the nearly synchronous 
intruded granitoid bodies of the SGM. As suggested by 
this case study, the analysed rocks units are most likely 
derived from melts of different origin and thus can be 
subdivided into S- and I-type granitoids.
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