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Die Auflésung komplexer geologischer Entwicklungsgeschichten mittels Zirkondatierung:
Eine Diskussion von Beispielen aus der Béhmischen Masse und den Ostalpen

Zusammenfassung

Mittels vier Beispielen aus dem Bereich der Béhmischen Masse und der Ostalpen wird dargesteilt, wie die U-Pb- und Pb-Pb-Datierung von
Zirkon zur Lésung geochronologischer Probleme eingesetzt werden kann. Anhand der Altersdaten vom Rastenberger Granodiorit wird die
komplexe zeitliche Entwicklung von Magmatiten des Stdodhmischen Plutons dargestellt. Nach einer mehrphasigen pravariszischen Entwick-
lung der Protolithgesteine I1&Bt sich im variszischen Zyklus eine mindestens zweiphasige oberkarbone magmatische Entwickiung der Plutonite
belegen. Die polymetamorphe Entwicklung zweier Metamorphite aus dem oberostalpinen Otztal-Stubai-Kristallin (Winnebach Migmatit, Tieftal
Orthogneis) wird aufgezeigt. Die Anatexis im Winnebach Gebiet sowie die magmatische Bildung der Tieftal Orthogneise erfolgen gleichzeitig
im Unter Ordovizium. Beide Ereignisse deuten auf eine beginnende altpaldozoische Krustenausdinnung im Oberostalpin hin. Das letzte
Beispiel diskutiert -die Datierung ostalpiner Quarzphyllitkomplexe. Aus der Datierung detritischer Zirkone werden maximale und minimale
Sedimentationsalter abgeleitet. Diese machen deutlich, daB beziiglich der stratigraphischen Stellung und Reichweite der Quarzphyllitkomplexe
noch groBe Unsicherheiten bestehen.

Abstract

Using four case studies from the Bohemian Massif and the Eastern Alps the application of U-Pb- and Pb-Pb-dating of zircon is
demonstrated. In order to illustrate the complex evolution of granitoids age data obtained for the Rastenberg granodiorite (South Bohemian
Pluton, Bohemian Massif) is discussed as a first example. Here, after a multi-phase pre-Variscan evolution of the granitoid protoliths, there is
evidence for a two-step magmatic evolution during the Variscan magmatic cycle in the Carboniferous. The history of two rock units from the
Upper Austroalpine Otztal-Stubai crystalline complex (Winnebach migmatite and Tieftal orthogneiss) is documented next. The anatexis in the
Winnebach area is shown to be of Early Ordovician age. It occurred contemporaneously to the magmatic formation of the Tieftal orthogneiss
body. Both events are attributed to the beginning of Early Palaeozoic crustal thinning in the Upper Austroalpine realm. The last example focuses
on conflicting age data from different Austroalpine quartzphyllite complexes. From detrital zircon dating maximum and minimum sedimentation
ages are derived. These demonstrate that there exist strong ambiguities concerning the stratigraphic age of the investigated quartzphyllite
complexes.
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1. Introduction

When examining rocks s.l. in geosciences several basic
and fundamental questions can be asked. One of them cer-
tainly is; When...?

A number of dating methods are used at present to tackle
this question, all of which may provide different geochrono-
logical information. They range from the dating of magmatic
crystal growth at highest temperatures with the uranium-lead
system in zircon (U-Pb) to the dating of the cooling of the
investigated rock below a specific temperature, the so called
closing temperature, by the argon-argon (Ar-Ar) method in
micas and fission track dating (FT) of zircon and apatite. By
applying different geochronological methods to different min-
erals and rocks a guantification of processes such as mag-
matic evolution, metamorphism, and subsequent cooling can
be possible. By combining these data with information from
structural geology, petrology, and sedimentology the evolu-
tion of a rock can more or less be completely unravelled.

But since many rocks have complex geological histories,
the dating of multi-crystal or whole-rock samples is often not
very enlightening. This sort of samples tends to form a more
or less intricate mixture of single mineral grains with different
“entrapped” age information which cannot easily be interpret-
ed in a geologically meaningful sense. The dating of single
crystals, or even of domains within a single grain, is thus very
desirable. Some modern geochronological methods do allow
single mineral grain dating and thus greatly enhance the pos-
sibilities of age data interpretation.

The present contribution summarises geochronological
data from four different case studies, as gained by single
zircon U-Pb, Pb-Pb dating and zircon typology examinations.
The first study is devoted to the dating of a complex magmatic
system in a granitoid of the South Bohemian Pluton (Rasten-
berg granodiorite). Two studies deal with geochronological
aspects of polymetamorphic rocks in the Upper Austroalpine
Otztal-Stubai crystalline basement (Winnebach migmatite
area, Tieftal orthogneiss). The last example discusses the
dating of almost unfossiliferous meta-sediments which cannot
stratigraphically be dated directly. Their sedimentation age
has to be bracketed by other suitable approaches such as
youngest magmatic ages of detrital zircons (i.e. maximum
age of sedimentation) or maximum ages for metamorphic
overprinting (i.e. minimum age of sedimentation). Application of
the technigue is demonstrated by using single zircon Pb-Pb age
data of Austroalpine and Southalpine quartzphyllite complexes.

Data from all presented case studies were published previ-
ously and the interested reader is referred to the respective
publications. Except for the last example diagnostic zircon
typologies and obtained age data are illustrated by appropri-
ate figures.

2. Analytical Techniques

The analytical techniques applied in the presented studies
comprise standard heavy mineral separation, zircon typology
investigations using microscopy, cathodoluminescence and
back-scattered electron imaging, conventional single-grain
and multi-grain zircon U-Pb geochronology, and single zircon
evaporation geochronology. Further details of the technigues
can be found in PARRISH et al. (1987), KLOTZL (1997), and
references therein. Additional methods applied are Rb-Sr and
Sm-Nd geochronology and geochemical investigations. Un-
less stated otherwise all errors quoted are at the 2c-level
(approx. 95% confidence interval).
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On the figures zircon designations are as follows: Indication
of zircon typology of a certain zircon type or age group always
designates the subgroup of the mean typology of the respec-
tive zircon type. Subscript “a" denotes air abrasion of multi-
grain fractions.

For the typology plots field shading corresponds fo relative
subgroup abundance. Black shading indicates maximum
abundance of > 30% of the specific subgroup. Grey shading
accordingly indicates lower abundance.

3. Dating rocks of the South Bohemian
Pluton: The Rastenberg granodiorite

The Rastenberg-type granodicrite forms a separate intru-
sion to the east of the large composite South Bohemian Plu-
ton. It was intruded into the nappe system of the Moldanubian
basement sequence (Monotonous Series, Dobra gneiss, and
Varied Series). Except for a weak syn- to post-magmatic low
strain deformation no post-intrusive tectonic or metamorphic
overprinting is present.

The aim of the discussed study (KLOTZUI & PARRISH, 1996)
was to precisely date the time of intrusion of the Rastenberg
granadiorite. Tight time constraints on the magmatic history of
the pluton should allow conclusions about minimum ages for
Variscan nappe stacking and metamorphic overprinting. Also,
protolith ages of assimilated rocks should provide additional
information about the age distribution and composition of the
lower to middle pre-Variscan crust.

Typological investigations show two distinguishable zircon
populations (Figs. 1 and 2):

- long prismatic crystals of mean subtype 524, often with
cores (e.g. A, B of Fig. 1);

- short prismatic crystals with tabular habit of mean subtype
S4, no cores (e.g. C, D of Fig. 1).

Geochronological investigations reveal at least four differ-
ent zircon-forming events (Fig. 3, 4).

Evaporation Pb-Pb ages older than 1206 Ma (KLOTZLl &
PARRISH, 1996) are interpreted as being derived from inherited
cores. The ages must be interpreted as minimum age esti-
mates for magmatic or metamaorphic zircon growth during the
Proterozoic and/or Archean. It cannot be decided whether

Fig. 1

SEM images of typical
zircons from the Rasten-
berg granodiorite. A, B:
Zircons with mean typo-
logy of subgroup S24.
They often contain inhe-
rited cores which are
overgrown during the
~ 350 Ma magmatic
event. Corroded edges
and overgrowths are at-
tributed to the 338 Ma
intrusion event. C, D:
Zircons with mean typo-
logy of subgroup S4.
These zircons exhibit a
very characteristic tabu-
lar habit and never con-
tain cores. Their growth
is attributed to the 338
Ma intrusion event.
Note: c-axis of all four crystals is horizontal. Adapted from KLOTZLI
and PARRISH (1996).
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Fig. 2

Zircon typology diagrams of four samples from the
Rastenberg granodiorite. The elongated zircons
(i.e. A, B of Fig. 1) plot in the lower half of the
diagram, the tabular zircons in the upper half, re-
spectively (i.e. C, D of Fig. 1). Note the marked
bimodality in zircon typology in sample 45/90 and
46/90 from the central part of the intrusion. This
bimodality is less pronounced in the S and E part of
the pluton (samples 6/91 and 8/91). Adapted from
KLOTZLI and PARRISH (1996).

these old zircons belong to distinct Proterozo-
ic or older rocks or whether they are derived
from metasedimentary (basement-) sequenc-
es. Zircon ages higher than 1700 Ma are well
known from all over the Bohemian Massif and
prove the existence of heterogeneous Proter-
ozoic crust reworked into the Variscan realm
of Central Europe. The upper intercept age of
2005 Ma (Fig. 4) is interpreted as a minimum
mean age for this Early Proterozoic crust
(KLOTZLI & PARRISH, 1996).

It is remarkable that no zircons originating
from the adjacent 1380 Ma old Dobra gneiss
could be found (GEBAUER & FRIEDL, 1994).
Instead, most inherited zircons seem to have
been assimilated from the Monotonous Se-
ries W of the pluton.

The Vendian ages at 623 + 22 Ma (Figs. 3
and 4) are interpreted as minimum age esti-

Rastenberg granodiorite
45/90, Niederplottbach 46/90, Niederplottbach

6/91. Kleehof _8/91, Sperre Ottenstein

mates for a Cadomian (Pan-African) magmatic or metamor-  ages of magmatic and metamorphic rocks are widespread in
phic event. Core typology, the limited scatter in age distribu-  the Bohemian Massif, especially in the Moravo-Silesian zone
tion, and **Pb/**Pb systematics suggest that the reworked  where the intense Variscan overprint of the Moldanubian zone
Cadomian protoliths were magmatic in origin. Cadomian is missing (KLOTZLI et al., 1999a).

rel. probability |

Fig. 3 04|
Probability density distri-
bution plot of the single zir-
con evaporation ages from B
the Rastenberg granodi-
orite. Both zircon forming 0.3 [
events around 338 Ma and
353 Ma result in prominent
peaks in the relative pro-
bability distribution. The g
peak at 623 Ma corre- 02
sponds to a major inheri- g
ted component in the
granodiorite. Note the lack
of any inheritance between
623 Ma and 353 Ma. This

is strong evidence for the 01 L
complete absence of any =
“Caledonian” or Early Va-
riscan inherited zircons.
Erratic  inherited  ages 0.0 I

338+ 2 Ma

| -

PN Rims of $24 zircons from granitic
- e J matrix and K-feldspar phenocrysts
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A\ 353+ 9 Ma

Fo Cadomian inheritance:
T ; S24 zircons (whole grain or cores) |
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> 623 +22 Ma

L L L 1 L

= 700 Ma are not shown.
20 zircons were analysed.
Adapted from KLoTzL and
ParRISH (1996).
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Fig. 4

0.11

0.09

0.07

0.05

U-Pb concordia dia-
gram showing conven-
tional U-Pb age data
from the Rastenberg
granodiorite. Data
points for conventional
analyses (circles) are
much bigger than the
actual  2c-error.  For
comparison the mean
WTPh/2%Ph  evaporation
age values for the po-
stulated age groups are
plotted on the concordia
although the data points
are not necessarily con-
cordant (rectangles, cf.
Fig. 3). The width of the
rectangles parallel to
the concordia corre-
sponds to the respecti-
ve 2¢-standard-errors of
the mean age values of
the postulated age

0.03 [ 2O7Pb/235U groups. Adapted from
’ 1 i
0.2 0.6 0.8 1.0 KLotzLl and PaRRISH

(1996).

Yellowish, long prismatic S24 zircons (Figs. 1 and 4, frac-
tions b, and c.) exhibit a very high degree of discordance. This
provides evidence for overprinting during a high-temperature
event which led to a practically complete lead loss and severe
overgrowth of the zircons of fractions b, and c., and to a
lesser extent of fraction a. (colourless, clear). The lower inter-
cept age of a discordia through the S24 zircons (fractions as,
b, and c,) is 352 + 2 Ma (Fig. 4). Together with the mean Pb-
Pb evaporation age of 353 = 9 (Fig. 3, also from $24 zircons)
this Early Visean age is interpreted as the time of zircon
formation in the granodiorite magma during a first magmatic
event prior to the actual intrusion event.

The Later Visean ages of 338 + 2 Ma found by evaporation
analyses of S4 zircons and overgrowths of S24 zircons
(Figs. 1 and 3) and as upper intercept of the discordia through
zircon fractions d, e., and the origin (Fig. 4) are interpreted as
dating the time of intrusion or, alternatively, subsequent high-T
cooling of the granodiorite. A similar intrusion age of 340 + 8
Ma (HoLuB et al., 1997) has been reported for the Trebic
massif in the Czech Republic. With respect to tectonic posi-
tion and geochemistry this pluton shows close resemblance
to the Rastenberg granodiorite. The, within error, identity of
both intrusion ages additionally stresses this similarity.

Of special geochronological and petrological interest is the
fact, that no tabular S4 zircons have been found as inclusions
within large K-feldspar phenocrysts. Therefore, the growth of
these K-feldspars crystals seems to have taken place during
or shortly after the first postulated magmatic stage around
353 Ma, but not at 338 Ma. This and additional textural evi-
dence, i.e. the observed resorption of K-feldspar phenocrysts
in the finer-grained matrix of the granodiorite, furthermore
supports the model of a two-stage magmatic evolution of the
Rastenberg granodiorite.

The lower intercept of 352 + 2 Ma could also be interpreted
as resulting from secondary lead loss during the 338 Ma event
from zircons originally located on a discordia with a lower
intercept age > 352 Ma and an upper intercept of > 2005 Ma.
In this case, the age estimate of 352 + 2 Ma would be
geologically meaningless. However, a two-stage magmatic

evolution, as proposed for the Rastenberg granodiorite, can
also be found in the large Weinsberg granite body (KLOTZLI,
1993, KLOTZLI & KOLLER, 1998, KLOTZU et al, 1999a) and
in possible equivalents of the Moldanubian granitoids in
the Mecsek Mountains of South Hungary (KLOTZL et al.,
1999b).

A younger upper intercept age of 328 = 10 Ma from long
prismatic zircons is reported by FRIEDL et al. (1993). Two
evaporation Pb-Pb ages (330 = 12 Ma and 324 = 20 Ma,
KLOTZLI & PARRISH, 1996) from the same locality also seem to
be younger than the average of 338 = 2 Ma observed in other
samples of the pluton. The sample comes from the eastern
most part of the Rastenberg granodiorite pluton, near the
border zone to the Dobra gneiss. This border zone is marked
by the occurrence of fine-grained granites and aplites which
were intruded into the Rastenberg granodiorite and Dobra
gneiss. Thus a possible explanation for the occurrence of the
younger ages could be, that the late- to post-magmatic intru-
sions of fine-grained granites and aplites have led to a reheat-
ing and/or a slower cooling of the eastern part of the Rasten-
berg granodiorite thus leading to the observed younger ages.

3.1 Concluding remarks

The Visean intrusion age of 338 = 2 Ma found for the
Rastenberg granodiorite provides a minimum age estimate
for Variscan nappe stacking and metamorphism in this part of
the Moldanubian zone. This is in line with the average post
high-T-metamorphism mineral cooling ages clustering around
340 Ma in the SE Bohemian Massif (PETRAKAKIS, 1997, KLOTZLI
et al., 1999a).

Only Cadomian and no Caledonian (Early Palaeozoic) zir-
cons could be found within the investigated rocks. This sug-
gests a different provenance of the pre-Variscan basement
suites of the Rastenberg granodiorite and of the higher parts
of the Moldanubian nappe pile (Gfohl gneiss and granulites)
than proposed for the western part of the Bohemian Massif
(Regensburger Wald, Bavaria) and for the Sudetes (KLOTZLI et
al., 1999a).
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4. Migmatite formation in the Winnebach
area, Otztal-Stubai basement

Partial anatexis of biotit-plagioclase-paragneisses is known
from several localities within the Otztal-Stubai crystalline com-
plex. One of these migmatite areas, the "Winnebach"-migma-
tite (Gries, Otztal), has since long attracted much attention.
But despite a number of investigations dealing with the geo-
chronological aspects of migmatite formation only ambiguous
age data for the migmatisation event in this part of the com-
plex have yel been obtained. Because of unclear field rela-
tions, the anatexis was attributed to the Variscan orogenic
cycle (HOINKES et al., 1972). Subsequent Rb-Sr white mica
analysis from the central part of the migmatite give a clearly
pre-Variscan minimum age of 461 = 4 Ma for the migmatisa-
tion (CHowaNETZ, 1991). As this central part shows only very
minor post-anatectic structural overprint, this age is thought to
represent cooling shortly after the migmatisation. SOLLNER &
HANSEN (1987), on the other hand, report conventional U-Pb
zircon data that point to a complex multi-stage Pb-loss sce-
nario with all data points plotting below a postulated "Pan-
African” discordia (lower intercept at 670 Ma and upper inter-
cept at 2275 Ma). The assumed lower intercept age of 670 Ma
was believed to represent the age of the anatexis.

In the presented case study (KLOTZLI-CHOWANETZ et al.,
1997), two different samples were investigated. 1) Neosome
from the central migmatite probably representing the highest
degree of melting and 2) paragneiss from the vicinity of the
migmatite as non-migmatic reference material. Primarily, a
zircon typology study comparing the zircon populations of the
migmatite with those of the adjacent paragneiss was expect-
ed to allow a discrimination of anatectic zircon growth and
polyphase metamorphic growth. Except for one zircon type,
all populations exhibit polyphase crystal growth and do not
show any specific mode of occurrence (Fig. 5).

Measured by single grain evaporation these zircon popula-
tions document three growth events with mean Pb-Pb ages of

Fig. 5
SEM images of typical zircons
from the Winnebach migmatite
area. A: clear, colourless, inclusi-
on free, polyfaced zircon with
spherical shape. This growth type
is typical for highest metamorphic
temperature conditions/anatectic
melting and has only developed in
the migmatite. B: clear, colour-
less, very short prismatic, mean
typology subgroup S13; C: clear,
colourless fo slightly pink, mean
typology subgroup L2; D: clear,
colourless to slightly pink, mean
typology subgroup S7. Adapted
from KLOTZL-CHOWANETZ et al.
(1997).

480 — 490 Ma, ~ 560 Ma, and ~ 635 Ma (Fig. 6). However,
since these ages are found both within the migmatite and the
paragneiss, none of them can be directly assigned to the
migmatisation.

One population of spherical, clear and colourless zircons
is found to be characteristic for the migmatite only. These
anatec-tically grown zircons yield a concordant U-Pb age of
490 = 9 Ma (Fig. 7).

Presently available textural and structural data indicate that
post-anatectic overprinting of the Winnebach migmatite area
is of lower amphibolite-facies grade (HOINKES et al., 1997).
Therefore, the Early Ordovician zircon ages of 490 + 9 Ma are
interpreted to directly date the time of anatexis. This interpre-
tation is in line with the muscovite ages around 460 Ma
(CHowaNETZ, 1991) for the post-migmatic cooling.
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Concordia diagram of U-Pb
zircon data from the Winne-
bach migmatite. Fraction a
yields a concordant Early
Ordovician age of 490
+ 9 Ma, which is interpre-
ted to represent the age of
anatexis. The fractions b,
b, cs, and m, have been al-
fected by at least two episo-
des of lead loss prior to the
Ordovician  high-tempera-
ture event. Fraction d.
seems to be derived from a
source older than b, bs, c.
and the mixed fraction m,.
The discordia from 635 Ma
to 2440 Ma has been drawn
considering the single zir-
con evaporation results.
Data points for fractions a,
b, bs €. and m. (circles)
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2¢-error. For fractions ba
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|207Pb /2‘?5U_

0.8 1.2 1.6

shown. Adapted from KLoT2-
LI-CHOWANETZ et al. (1997).
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The high-T metamorphism and anatexis is contemporane-
ous to an extended magmatism related to crustal extension in
the Otztal crystalline complex, also leading to the intrusion of
rocks now found as acid orthogneisses from S- to A-type
affinity (see below).

4.1 Concluding remarks

Based on arguments from zircon typology, U-Pb, and Pb-
Pb dating, crustal extension related anatexis in the central
Otztal crystalline complex took place during the Early Ordovi-
cian at 490 = 9 Ma. Prior to this event the zircons from the
paragneisses were subjected to additional, Cambrian and
older, recrystallisation and growth events.

Variscan and Alpine metamorphic imprinting has not been
recorded in the zircon isotope data of the investigated rocks.

5. Dating the magmatic formation of a poly-
metamorphic felsic gneiss: The Tieftal
hedenbergite-hornblende-biotite gneiss
(Kaunertal)

Polymetamorphic felsic rocks with magmatic precursors are
widespread in the Otztal crystalline basement. Numerous
geo-chronological studies have been made on these rocks,
including zircon U-Pb dating and Rb-Sr whole rock and mica
dating. Zircon ages are in the range of 540 to 455 Ma
(HOINKES et al,, 1997) for different gneiss types, but an inter-
pretation is not straight-forward because of large amounts of
inherited zircons and severe lead loss during subsequent
metamorphic events. Rb-Sr whole rock isochron ages vary
from 480 to 420 Ma and are rarely as high as 583 Ma (HOINKES
et al., 1997), but their interpretation as magmatic crystallisa-
tion ages is hampered by the possible partial fo complete
resetting of the Rb-Sr whole rock system during metamaorphic
overprinting (BERNHARD et al., 1996).

A multi-method approach was applied therefore to derive
the age and origin of an orthogneiss body located in the

central Kaunertal, western Otztal crystalline complex (BERN-
HARD et al., 1996). The so-called Tieftal orthogneiss body is an
internally differentiated, polymetamorphosed intrusion, em-
bedded in metabasites of tholeiitic composition. It belongs to
the group 3 granitoids of HOINKES et al. (1997). It comprises
leucocratic hedenbergite-hornblende-, hornblende- and bio-
tite-hornblende-gneisses, and various xenoliths. A relictic
magmatic mineral assemblage comprises the accessories
titanite, zircon, allanite, fluorite, molybdenite and magnetite.
Magmatic T-P conditions are assumed to be 660°C — 880°C
and <= b5 kbar (BERNHARD, 1994).

Zircon typology studies reveal only one dominant zircon
type clustering around the subgroup P5. No zircon xenocrysts
could be identified (Fig. 8).

Single zircon evaporation dating of two samples and Sm-
Nd dating of relictic magmatic titanite resulted in ages of 487
+ 7,484 + 3 and 487 + 5 Ma, respectively (Fig. 9, 10).

The mean of 485 + 3 Ma is interpreted as the best estimate
for the primary crystallisation age of the Tieftal orthogneiss
body. Rb-Sr whole rock dating of five samples results in a well
defined regression line, corresponding to an age of 411
+ 9 Ma. This age value clearly documents partial resetting of
the whole rock Rb-Sr system during post-magmatic metamor-
phic overprint.

Inherited zircon cores are dated at 523 = 4 Ma, 532 + 2 Ma,
and ~2600 Ma. The two Cambrian ages are in the age range
found for the gabbroic precursor rocks of the eclogite from the
central Otztal (MILLER & THONI, 1995). Thus there seems to be
a temporal connection between the MORB-type rocks of the
central Otztal and the Tieftal gneisses, but exact relationships
are not yet resolved. Similar ages for Cambrian magmatism
are also found in the Silvretta crystalline basement (MULLER et
al., 1996, SCHALTEGGER et al., 1997).

Geochemical data suggest a possible mantle derivation of
the Tieftal meta-igneous rocks. Most probably, the gneiss
precursors have originated through magmatic fractionation
processes from protoliths of the accompanying tholeiitic me-
tabasites. The more primitive isotopic composition of metaba-
sites and early Proterozoic and Cadomian inheritance in Tief-
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Fig. 8
Zircon typology diagrams of different meta-grani-
toids in the vicinity of Tieftal. The zircons from the
hedenbergite-hornblende-biotite gneiss exhibit a

Meta-granitoids, Kaunertal
FB183, hdb-hbl-gneiss

FB158, hbl-bio-gneiss

concise typology subgroup distribution (upper
diagrams)., For comparison type 1 and type 2
meta-granitoids are shown in the lower diagrams.
They exhibit a broad range of typologies which do
not overlap with the subgroup distribution of the
Tieftal gneisses. The mean typology subgroup of
P5 of these Tieftal gneisses is characteristic for
zircons having grown in a high temperature, alkali-
rich magma. Thus, the mean single zircon evapo-
ration age of 484 = 3 Ma is attributed to the
magmatic protolith formation and not to subse-
quent metamorphism. Adapted from BERNHARD
(1994).

tal gneiss zircons suggest some involve-
ment of older crustal rocks, too. The amount
of crustal contamination can be calculated
to be in the range of 10 — 40% (BERNHARD,
1994).

5.1 Concluding remarks

The Tieftal gneisses are interpreted to-
gether with their accompanying metabasites
as remnants of an advanced stage of Early
Ordovician rifting and incipient formation of
new oceanic crust. Ordovician rifting in the

FB89, bio-granodiorite gneiss
|

FB 106, mu-granite gneiss

Tieftal area is contemporaneous with the
anatexis in the Winnebach area. Based on zircon inheritance a
temporal or genetic relation seems to exist between the Tieftal
meta-igneous rocks and a proposed Cambrian rifting docu-
mented in the central Otztal and the Silvretta crystalline base-

The study demonstrates the concordance of zircon Pb-Pb
ages and Sm-Nd whole-rock and titanite age data. Both iso-
topic systems were not influenced by post-magmatic events.
In contrast, the whole rock Rb-Sr systematics were severely

ment series. disturbed during metamorphism.
; T T T T | — T T T T T T T T ¥ T T
=
i E magmatic P5-S25 zircons )
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ig.
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tion plot of the single zircon o)
evaporation ages from the [
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blende-biotite gneiss. Mag-
matic zircon growth around
484 + 3 Ma is indicated by
a not very prominent peak
in the probability distributi-
on. The observed complex
inheritance results in a con-
tinuum of peaks. Only with
the additional age informati-
on from Sm-Nd investigati-
ons, the zircon evaporation
age distribution can be pro-
perly interpreted (see Fig.
10 and text). Erratic inheri-
ted ages > 550 Ma are not
shown. Eight zircons were
analysed. Adapted from
BERNHARD et al. (1996),
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6. Maximum sedimentation ages of
quartzphyllite complexes of the Eastern
Alps

The widespread Austroalpine and Southalpine quartzphyi-
lite complexes are normally interpreted as the infilling of an
Early Ordovician (ca. 510 Ma) to Early Carboniferous (ca.
320 Ma) basin (Fig. 11). This basin may have initially formed
as a back-arc basin on a Late Cadomian metamorphic crust
during the Ordovician. These phyllitic complexes consist of a
monotonous series of mainly meta-pelitic rocks with interbed-
ded mafic and, more subordinate, acidic volcanics as well as
carbonates and coarse-grained detrital sediments (SaAssl et
al., 1894). All complexes were overprinted by at least one pre-
Permian low-pressure greenschist-facies metamorphism. Al-
pine overprinting, where present, is of variable intensity.
Scarce fossil records, mostly conodonts and acritarchs, have
given rise to a partly resolved stratigraphy of incomplete
known sections. Ages from Ordovician to Early Carboniferous
are reported (SCHONLAUB, 1979, Sass! et al., 1994). However
except for some ages reported for the volcanic sequences
(Ordovician to Silurian), no unequivocal absolute age data for
the time of sedimentation is provided for most of these com-
plexes. Scarce K-Ar and Rb-Sr ages on mica generally date
the post-Variscan cooling.

In order to establish more exact time constraints on possi-
ble maximum sedimentation ages, the following approach
was used (Rizzo et al.,, 1998): The youngest concordant mag-
matic or metamorphic age found for a given detrital zircon
suite defines a maximum sedimentation age for the sampled
sediment layer. If the zircon is not of true detrital origin but
stems from a syn-sedimentary volcanic rock (ash flow, tuff),
the age probably directly reflects the sedimentation age. On
the other hand, older zircon ages are interpreted as represent-
ing minimum formation ages of the hinterland. These ages
thereby provide valuable additional information about the age
structure of the recycled crust. They also allow the tentative
correlation of the otherwise unrelatable quartzphyllite com-
plexes.

Fig. 11

SEM images of typical
zircons from Austroal-
pine  quartzphyllites.
Only idiomorphic zir-
cons (examples A, B,
and C) with the least
amount of rounding
were used for Pb-Pb
dating. Strongly round-
ed zircons (examples
D, E, and F) are only
shown for comparison.

Fig. 10

Sm-Nd isochron plot of
the Tieftal hedenbergi-
te-hornblende-biotite
gneiss. Three whole-
rock samples and one
litanite sample were in-
vestigated. The titanite
—whole-rock age is 487
+ 5 Ma, whereas the
three whole-rock sam-
ples define an "age” of
470 = 28 Ma. Both
ages are identical wi-
thin error, Adapted from
BERNHARD et al. (1996)
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In a preliminary study detrital zircon populations from five
different quartzphyllite complexes from the Eastern and
Southern Alps were investigated by SEM and individually dat-
ed. Fig. 11 shows examples of typical detrital zircons found in
the quartzphyllites. Fig. 12 summarises the age data.

For a sample from the Thurntal quartzphyllite of Eastern
Tyrol the youngest magmatic age determined is 598 = 19 Ma
(latest Precambrian / earliest Cambrian). For a sample derived
from probably stratigraphically higher levels extrusion ages for
meta-andesitic volcanics are in the range of 514 = 16 Ma
(Late Cambrian — Early Ordovician, KLOTZLI, unpublished). At
the moment, there is no additional evidence for Ordovician or
younger sedimentation and/or magmatic ages for this quartz-
phyllite complex. Based on these age data a possible paralle-
lisation with Ordovician Blasseneck-type porphyroids and por-
phyroids of other quartzphyllite complexes does not seem to
be justified.

For a sample from the Gailtal quartzphyllite the youngest
magmatic age found, i.e. the maximum sedimentation age, is
341 + 24 Ma (Visean). Although this age is rather badly
constrained again it is in some contrast to published biostrati-
graphic ages which are all either Silurian or Devonian (438 —
360 Ma, SCHONLAUB, 1979). A preliminary interpretation could
be that the age range of sedimentation of at least some parts

of the Gailtal quartzphyllite must be extended into the Varis-
can orogenic cycle probably with the accompanying erosion
of Variscan granitoids. Therefore, the magmatic rocks formed
during the Variscan should have already reached the surface
in the Visean, implying a rapid exhumation shortly after their
formation.

For samples from the Goldeck quartzphyllite, no definitive
maximum age for the sedimentation can be provided. Badly
defined youngest magmatic ages found are in the range of
270 - 280 Ma (Early Permian 1), i.e. in the age range of post-
Variscan cooling or Permian metamorphism. The significance
of these ages is not yet clear. However, petrographic evidence
seems to exclude a metamorphic overprint high enough for
zircon recrystallisation or growth.

For comparison: In the quartzphyllite complex of Vetriolo
(Southern Alps) only Early Proterozoic ages older than 1800
Ma were observed, which probably cannot directly be inter-
preted as maximum sedimentation ages. However, a possible
interpretation is, that the sediment inventory of the Vetriolo
complex stems from a Proterozoic basement which was not or
only partly reworked during the Cadomian. This is a marked
difference to the investigated Austroalpine complexes, were
the presently available hinterland ages are always considera-
bly younger and normally do comprise Cadomian rocks.
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Fig. 12

Lithostratigraphic schemes of the investigated Austroalpine quartzphyllites. The represented rock types refer to the protoliths. In the Goldeck
and Gailtal sections stars symbolise biostratigraphic age constraints. Ages on the stratigraphic column are recommended IUGS values (COWIE
& BasseT, 1989). Bracketed ages for the Cambrian are new recommended values from BowRING & ERwIN (1998). Single zircon Pb-Pb ages are
shown as 2g-age ranges for the respective quartzphyllite complex. Ages for the Gailtal and Goldeck complexes are from phyllitic rock samples.
They are problematic as they indicate far younger maximum sedimentation ages or extended sedimentation age ranges than previously
considered. Ages from the Thurntal complex are not necessarily in contradiction to published ages. They could represent some amount of
sedimentary recycling, although the Cambrian age of 520-500 Ma stems from a concordant andesitic porphyroid layer. The dashed framed

schematic profiles are redrawn from Sassi et al. (1994).
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Maximum sedimentation ages for the quartzphyllite com-
plex of Recoaro (Southern Alps) are in the range of 473 =
21 Ma (Middle Ordovician). This is within error identical to
Ordovician U-Pb zircon ages around 470 - 480 Ma derived
from the volcanics of the Comelico complex (MeLI & KLOTZLI,
1997) probably justifying a correlation of the Recoaro and
Comelico complexes.

6.1 Concluding remarks

The presented preliminary single zircon age data have re-
vealed one important fact. Published stratigraphic ages of the
different quartzphyllite complexes probably have to be re-
viewed critically. But in order to come to a more complete and
comprehensive picture, additional detailed geochronological
investigations are needed.

7. Conclusions

The combination of zircon typology studies and U-Pb and
Pb-Pb dating of zircon has proven to provide valuable infor-
mation concerning genesis and evolution of complex mag-
matic and polymetamorphic rock series. All discussed case
studies show the importance of preliminary zircon typology
investigations. Only the recognition of different zircon types
within one sample allows an appropriate analytical strategy
and, possibly, subsequent parallelisation of age data and
geological events.

For the South Bohemian Pluton the importance of the wide-
spread reworking of Cadomian rocks into the Variscan grani-
toids is stressed. A two-stage magmatic evolution for the
Carboniferous plutonites is proposed. The first stage compris-
es regional partial melting in the lower crust at around 355 —
350 Ma. Subsequently, individual intrusion events took place
between 350 Ma and 320 Ma.

In the Upper Austroalpine basement series Early Ordovician
crustal thinning is proposed on the basis of zircon age data.
This finding is in some contrast to published Palaeozoic evolu-
tionary schemes of the Austroalpine realm, but on the other
hand, matches perfectly recent results from the Silvretta crys-
talline basement sequences. The inheritance of zircons de-
rived from Cadomian rocks, as found also for the southern
part of the Bohemian Massif, is widespread. This again points
to the fact, that Cadomian rocks do form a substantial part of
the pre-Variscan basement of the Eastern Alps.

The preliminary data for the Austroalpine quartzphyllite
complexes are in contradiction to published stratigraphies.
Therefore, more single zircon age data are needed in order to
review critically the assumed sedimentation ages.

8. Acknowledgements

The author would like to thank the following collaborators for assist-
ance and discussion in the laboratory, at the mass spectrometer, and
for providing samples, age data and so on: F BERNHARD, W. FRANK, V.
HOock, G. HOINKES, E. KLOTZL-CHOWANETZ, F KOLLER, S.MEL, R.
PaRRISH, G. Rizz0, S. SCHARBERT, R. SPIESS, M. THONL. A. VON QUADT
and M. THONI are thanked for the provision of enlightening reviews.
The geochronological laboratory has benefited greatly from financial
contributions of the Austrian Science Foundation (FFWF, projects:
S4702, S4705) and the Jublilaums Fonds of the Austrian National
Bank, Project 5203, both of which are highly acknowledged.

References

BERNHARD, F, 1994: Zur magmatischen und metamorphen Entwick-
lung im westlichen Otztal-Stubai-Kristallin (Bereich Feichten — Ver-
peil, mittleres Kaunertal). MS thesis Univ. Graz, unpubl., 315p.

BERNHARD, F, KLOTZLI, U. S., HOINKES, G. & THONI, M., 1996: Cons-
traints on the age and origin of a polymetamorphic felsic intrusion
in the Otztal Crystalline Basement, Austria. — Min. Petr., 58, 171-
196.

BOWRING, S. A. & ERWIN, D. H., 1998: A new look at evolutionary rates
in deep time: Uniting palaeontology and high-precision geochro-
nology. — GSA Today, 8/9, 1-7.

CHOWANETZ, E., 1991: Strukturelle und geochronologische Argumen-
te fr eine altpaldozoische Anatexis im Winnebachmigmatit (Otztal
/ Tirol, Osterreich). — Mitt. Ges. Geol.- und Bergbaustud. in O., 37,
15-35.

Cowek, J. W. & BasseT, M. G., 1989: Global stratigraphic chart. —
Episodes, 12, supplement.

FRIEDL, G., VON QUADT, A. & FINGER, F, 1993: Erste Ergebnisse von
U-Pb Altersdatierungsarbeiten am Rastenberger Granodiorit im
Niederdsterreichischen Waldviertel. — Mitt. Osterr. Miner. Ges., 137,
131-143.

GEBAUER, D. & FRIEDL, G., 1994: A 1.38 Ga protolith age for the Dobra
orthogneiss (Moldanubian zone of the southern Bohemian Massif,
NE-Austria): Evidence from ion-microprobe (SHRIMP) dating of
zircon. - J. Czech. Geol. Soc., 39/1, 34-35.

HOINKES, G., PURTSCHELLER, F. & SCHANTL, J., 1972: Zur Petrographie
und Genese des Winnebachgranits (Otztaler Alpen, Tirol). — Tscher-
maks Mineral. Petrogr. Mitt., 18, 292-311.

HOINKES, G., THONI, M., LicHem, C., BERNHARD, F, Kamnot, R,
SCHWEIGL, J., TROPPER, P & COSCA, M., 1997: Metagranitoids and
associated metasediments as indicators for the pre-Alpine mag-
matic and metamorphic evolution of the western Austroalpine Otz-
tal Basement (Kaunertal, Tyrol). — Schweiz. Min. Petr. Mitt., 77, 299-
314.

HoLue, F V, Rossi, R, COCHERE, A., 1997: Radiometric dating of
granitic rocks from the Central Bohemian Plutonic Complex (Czech
Republic): constraints on the chronology of thermal and tectonic
events along the Moldanubian-Barrandian boundary. — C. R. Acad.
Sci. Paris, Sci. terre planet., 325, 19-26.

KLoTzu, U. S., 1993: Einzelzirkon-27Pb/?%Pb-Datierungen an Gestei-
nen der sudlichen Bohmischen Masse (Rastenberger Granodiorit,
Weinsberger Granit). — Mitt. Osterr. Miner. Ges., 138, 123-130.

KLoTZU, U, S., 1997: Zircon evaporation TIMS: Method and procedu-
res. — The Analyst, 122, 1239-1248.

KLoTzu, U. 8. & PARRISH, R. R., 1996: Zircon U-Pb and Pb-Pb geo-
chronology of the Rastenberg granodiorite, South Bohemian Mas-
sif, Austria. — Min. Petr., 58, 197-214.

KLoTzu, U. S. & KOLLER, F, 1998: Sarleinsbach type of Weinsberg
granite. In: Breiter K. (Ed.): Genetic significance of phosphorous in
fractionated granites — Excursion guide, IGCP373, — Czech Geolo-
gical Survey, 137-140, Praha.

KLdTtzu, U. S., FRANK, W., SCHARBERT, S., THONI, M. & KOLLER, F.,
1999a: Evolution of the SE Bohemian Massif based on geochrono-
logical data: a review. — Jb. Geol. B.-A., in press.

KLoTZzU, U S., BUDA, G. & KOLLER, F, 1999b: Geochronological evi-
dence for the derivation of the Mecsek Mountains, South Hungary,
from Variscan Central Europe. — Beih. Eur. J. Mineral., 11/1, 126.

KLOTZL-CHOWANETZ, E., KLOTZUL, U. S. & KOLLER, F, 1997: Lower
Ordovician migmatisation in the Otztal crystalline basement (Au-
stria). linking U-Pb and Pb-Pb dating with zircon morphology. —
Schweiz. Min. Petr. Mitt., 77, 315-324.

MEL, S. & KLoTZL, U. S., 1997: Preliminary geochronological results
on the pre-Variscan metavolcanics of the eastern Southalpine ba-
sement. - Plinius, 18, 144-155.

MiLLER, C. & THONI, M., 1995: Origin of eclogites from the Austroalpi-
ne Otztal basement (Tirol, Austria): geochemistry and Sm-Nd vs.
Rb-Sr isotope systematics. — Chem. Geol., 122, 199-225.



MULLER, B., KLOTZLI, U. S., SCHALTEGGER, U., & FLISCH, M., 1996: Early
Cambrian oceanic plagiogranite in the Silvretta Nappe, Eastern
Alps: geochemical, zircon U-Pb and Rb-Sr data from garnet-horn-
blende-plagioclase gneisses. — Geol. Rundsch., 85, 822-831.

PARRISH, R. R., RopDICK, J. C., LOVERIDGE, W. D. & SULLIVAN, R. W,,
1987: Uranium-lead analytical techniques at the geochronology
laboratory, Geological Survey of Canada. — Geol. Surv,, of Canada
Paper 87/2, 3-7.

PETRAKAKIS, K., 1997: Evolution of Moldanubian rocks in Austria;
review and synthesis. — J. metam. Geol., 15, 203-222.

Rizzo, G., KLoTzL, U. S. & SPIESS, R. (1998): Single zircon Pb-Pb age
constraints on maximum sedimentation ages for quartzphyllite
complexes from the Eastern and Southern Alps. — Mitt. Osterr.
Miner. Ges., 143, 372-373.

Sasst, F P, NEUBAUER, F, Mazzoul, C., SAssI, R., SPESS, R. & ZIRPOL,
G., 1994: A tentative comparison of the Palaeozoic evolution of the
Austroalpine and Southalpine quartzphyllites in the Eastern Alps. —
Per. Mineral., 63, 35-52.

SCHALTEGGER, U., NAGLER, TH. F, CORFU, E., MAGGETTI, M., GALETTI, G.
& STOSCH, H. G., 1997 Cambrian island arc in the Silvretta nappe:
constraints from geochemistry and geochronology. — Schweiz.
Min. Petr. Mitt., 77, 337-350.

SCHONLAUB, H. P, 1979: Das Paléozoikum in Osterreich. — Abh. Geol.
B.-A., 33, 1-124.

SOLLNER, F & HANSEN, B. T, 1987: ,Pan-afrikanisches” und ,kaledoni-
sches” Ereignis im Otztal-Kristallin der Ostalpen: Rb-Sr- und U-Pb-
Altersbestimmungen an Migmatiten und Metamorphiten. — Jb.
Geol. B.A., 130/4, 529-569.

Manuscript received: 02. 11. 1998 @
Revised version received: 23. 08. 1999 &
Manuscript accepted: 20. 09. 1999 &



ZOBODAT - www.zobodat.at

Zoologisch-Botanische Datenbank/Zoological-Botanical Database
Digitale Literatur/Digital Literature

Zeitschrift/Journal: Austrian Journal of Earth Sciences

Jahr/Year: 1997

Band/Volume: 90

Autor(en)/Author(s): Klétzli Urs S.

Artikel/Article: Resolving complex geological histories by zircon dating: A discussion
of case studies from the Bohemian Massif and the Eastern Alps. 31-41


https://www.zobodat.at/publikation_series.php?id=20620
https://www.zobodat.at/publikation_volumes.php?id=34379
https://www.zobodat.at/publikation_articles.php?id=168587

