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New Advancesin Lu-Hf Geochronology

Erik Scherer (escherer@nwz.uni-muenster.de)’,

Carsten Muenker (muenker@nwz.uni-

muenster.de) & Klaus Mezger (klaush@nwz.uni-

muenster.de)

Institut fuer Mineralogie, Universitaet Muenster,
Corrensstr. 24, Germany

The advent of multi-collector inductively-coupled plasma
mass spectrometry (MC-ICP-MS) has enabled the routine
high-precision analysis of Hf isotopes on significantly
smaller samples (as low as 10 ng) than can be anayzed by
thermal ionization mass spectrometry (TIMS). Until
recently, however, the precision of Lu concentrations deter-
mined by isotope dilution on the MC-ICP-MS was not
much improved over TIMS and consequently the precision
of Lu-Hf ages was limited to ca 1%. Furthermore, the
accuracy of Lu-Hf agesis limited by the uncertainty of the
78_u decay constant. Here we describe our new achieve-
ments in improving both the precision and accuracy of Lu-
Hf age determinations.

With their pioneering method, Blichert-Toft et al. (1997)
utilized Yb that occurs naturally in samples to apply amass
bias correction to the measured “*Lu/*™Lu, yielding an
external reproducibility of ca.1% for Lu concentrations and
8L WHf ratios. To improve on this level of precision, we
first separate Yb from the Lu cut using an aHIBA ion
exchange column, and then add Re to the purified Lu to
correct for mass bias during the MC-ICP-MS run. External
replicates of a solution prepared from Gore Mountain
(NY, USA) garnet yield 2s.d. reproducibilities of +0.1% for
the YL u/""Hf ratio and +0.4 epsilon units for 7Hf/A7Hf.

There is a ca. 4% discrepancy between the average A™*Lu
of three recent physical counting experiments (i.e., 1.86 x
10%yr?; Nir-el and Lavi, 1998) and the decay constant
determined from a Lu-Hf isochron for eucrites that are
known to be 4,550 m.y. old (1.94 x 10™yr™; TIMS data of
Patchett and Tatsumoto 1980, refined by Tatsumoto et al.,
1981). Using high precision MC-ICP-MS (Lu-Hf) and
TIMS (U-Pb) techniques, we are attempting to resolve the
discrepancy between these results by cross-caibration of
A<l u> against the relatively well known decay constants
of uranium in natural rock samples. Rapidly-cooled
igneous samples were chosen to eliminate any effects
caused by different closure temperatures of the U-Pb and
Lu-Hf systems in the various minerals. The samples
include: 1) alarge (6x4x4 cm) gadolinite crystal from Evje,
Norway (U-Pb upper int. age = 909.4 Ma, Hf/A"Hf =
213.00 to 262.84), 2) apatite from the Phalaborwa carbon-
atite (South Africa; U-Pb upper int. = 2059 Ma, Y®Hf/*"Hf
= 0.36022-0.36411), and 3) xenotime from Tvedestrand,
Norway (U-Pb upper int. = 1091 Ma, *®Hf/*"Hf = 0.38869-
0.41714). The resulting decay constant derived from these
three samples is 1.86 +0.01 x 10™yr™, in excellent agree-
ment with the mean value from counting experiments that
was recommended by Nir-el and Lavi (1998). We are
currently investigating the U-Pb-Lu-Hf systematics of
additional samples (gadolinite, aeschynite, and xenotime)
from other localities to verify these results and to improve
the precision of the decay constant.

Blichert-Toft J, Chauvel C & Albaréde F, Contrib. Mineral.
Petrol., 127, 248-260, (1997).

Nir-El Y & Lavi N, Appl. Radiat. Isot., 49(12), 1653-1655,
(1998).

Patchett PJ & Tatsumoto M, Nature, 288, 571-574, (1980).

Tatsumoto M, Unruh DM & Peatchett PJ, Proc. 6th Symp.
Antarctic Meteorites, Natl. Inst. Polar Res. (Tokyo), 20,
237-249, (1981).
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New Garnet Lu-Hf and Zircon SHRIMP U-Pb
Data Confirm a Late Cretaceous Age and Fast
Exhumation Rate for the Type-L ocality
Eclogitesin SE Austria (Saualpe, Eastern Alps)

Martin Thoni (martin.thoeni @univie.ac.at)?,

Janne Blichert-Toft (jblicher@ens-lyon.fr)?,

Richard Armstrong

(prise.armstrong@anu.edu.au)® &

Christine Miller (christine.miller@uibk.ac.at)*

* Geozentrum, Althanstrasse 14, A-1090 Wien, Austria

2 Laboratoire de Sciences de la Terre, Allée d'Italie, 69364
Lyon Cedex 7, France

3 Research School of Earth Sciences, The Australian
National University, Canberra 0200, A.C.T., Austraia

4 Ingtitut fir Mineralogie und Petrographie, Innrain 52, A-
6020 Innsbruck, Austria

Metabasic high-P assemblages from the Koralpe-Saualpe
areain SE Austriaare partly derived from Permian MORB-
type gabbros which were eclogitized during early Alpine
subduction/collision events (Thoni & Jagoutz, 1992; Miller
& Thoni, 1997). We present new Lu-Hf, U-Pb SHRIMP
and petrological data for two samples from the exact
eclogite type-locality, Kupplerbrunn-Prickler Halt in the
Saualpe (Hally, 1822), in order to better constrain the crys-
tallization history of these rocks. The mineral assemblages
show dynamic recrystallization and are composed of grt +
omp (Jd 40) + zo +ky +amp xphe + gtz + rt +zr. Overal
retrogression (symplectite) is minor. PT estimates give
2 GPal620°C (Miller, 1990). One ky-phe-bearing eclogite
yielded a garnet-whole rock Lu-Hf age of 83.8+5.2 Maand
an eHf (t) value of +15.5, fully compatible with a MORB
source. The mm-sized garnet grains show a uniform major
element distribution. No diffusional retrograde resetting
has been observed. From a second sample, the U-Th-Pb
isotope systematics of two zircon grains have been
analyzed by the SHRIMP technique. While core domains
show strongly scattered ages (183-84 Ma), the weighted
mean P/ #8U age for the zircon rims is 82.2+3.7 Ma
(MSWD = 0.89). Together with published Sm-Nd, Rb-Sr,
CAr-*Ar and K-Ar mineral ages for eclogites and their
metasedimentary country rocks (Thoni & Miller, 1996), the
new data indicate that high-P conditions in the eclogite
type-locality may have persisted down to c. 85t5 Ma,
followed by a fast exhumation for the time 84-76 Ma
(cooling rate: c. 30-40°C/Ma, corresponding to an exhuma-
tion rate of some 3-6 km/Ma). Late zircon recrystallization
may have been driven by fluids released during incipient
isothermal decompression and rapid exhumation of the
eclogites, following continental collision of Adria and the
Austroal pine microplate some 85 Ma ago. If our garnet Lu-
Hf ages are compared with those from different tectonic
units of the Western Alps (Duchéneet al., 1997), it becomes
evident that subduction of the SE parts of the Austroapine
basement occurred at least some 20-30 Ma earlier than in
the more external zones of the future Alpine orogen.

Duchéne S, Blichert-Toft J, Luais B, Télouk P, Lardeaux J-M,
Albaréde F, Nature, 387, 586-589, (1997).

Hally MA, Traité de Minéralogie, Paris (Bachelier), ii ed,
(1822).

Miller C, Schweiz. Mineral. Petrogr. Mitt., 70, 287-300,
(1990).

Miller C, Théni M, Chem. Geol. (Isotope Geosci.Sect.), 137,
283-310, (1997).

Thoéni M, Jagoutz E, Geochim. Cosmochimica Acta, 56, 347-
368, (1992).

Thoni M, Miller C, J. metamorphic Geol, 14, 453-466,
(1996).
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Rb-Sr Geochronology by MC-ICPM S

T. E. Waight (tew@dlc.ku.dk) &

J. A. Baker (jab@dlc.ku.dk)

Danish Lithosphere Centre, @ster Voldgade 10, 1350
Copenhagen K, Denmark

Techniques for Rb-Sr isotopic analysis by multi-collector
inductively coupled plasma mass spectrometry (MC-
ICPMS) have been developed that provide an important
step towards improving the accuracy and precision of Rb-
Sr geochronology. Simple and consistent mass fractiona-
tion of similar mass elements by ICPMS enables
measurement of isotopic ratios of similar elements simulta-
neously. By doping Rb isotope dilution samples with
natural Zr it is possible to correct the measured Rb isotope
ratio for mass fractionation occurring during plasma ioni-
sation by comparison to variation between the measured
value for the stable isotope ratio ®Zr/*'Zr and its natural
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value (taken as 4.58824). Natural Rb analysed using this
technique has yielded a fractionation corrected value of
SRb/®Rb = 0.3854 +2 (0.05%, 2sd). All solutions were
introduced using Micromist glassware as the relative frac-
tionation of Zr and Rb was observed to change with intro-
duction system (e.g. desolvating nebuliser vs. wet
nebuliser), probably reflecting variations in plasma condi-
tions with differing amounts of introduced liquids. All stan-
dard measurements were interspersed with spiked samples
with highly variable Rb isotopic compositions. An on-peak
zeroes procedure prior to analysis is necessary to account
for incomplete washouts of Rb. A typical Rb analysis lasts
~5 minutes, including washouts, and consumes ~20ng of
Rb, alowing for rapid sample throughput. Careful chem-
ical treatment of samples is required prior to anaysis to
remove isobaric interferences from &Sr.

Rigorous chemistry is also necessary for Sr isotope
samples due to isobaric interferences from ®Rb and doubly
charged heavy rare earth elements. A simple clean up of the
samples using one or more passes through Sr-spec resin is
usually sufficient to provide clean anaytes. An on-peak
zeroes procedure is also necessary for Sr isotopic analyses
to counteract isobaric interferences from Kr in the Ar
plasma. A typical Sr analysis lasts ~15-20 minutes
(including washouts) and uses ~300 ng of Sr. Replicate
analyses of Sr standard SRM9%, interspersed with natural
samples (spiked and unspiked) yields an average of
0.71026 +2 (0.003% 2sd). Preliminary investigations
suggest a reproducibility of better than +0.3% for the
S"Rb/*Sr ratio. To test the technique we have dated a suite
of samples (Proterozoic to Tertiary) and our results are in
close agreement, and in general of better quality, than
previously published age determinations. The observations
made in developing this method using solution based tech-
niques have important implications for in situ Sr isotope
studies by laser ablation MC-ICPMS, in particularly the
potential interferences caused by doubly charged HREE,
and has helped us to develop methods to monitor and
account for these interferences. In addition, the increased
precision of Rb isotope dilution determinations by MC-
ICPMS may permit refinement of the Rb decay constant by
comparison the other geochronometers.
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NEPTUNE: A New MC-ICPMS For High
Resolution | sotope Ratio M easurements

Johannes Schwieters
(jschwieters@compuserve.com),

Meike Hamester

(meikehamester @compuserve.com),

Gerhard Jung,

Reinhold Pesch (rpesch@compuserve.com) &
Lothar Rottmann (I.rottmann@finnigan.de)
2 Barkhausenstrasse, Bremen, 28197, Germany

The ThermoFinnigan NEPTUNE is a double focusing
sector MC-ICPMS with high mass resolution capabilities.
It basically combines the source of the high resolution
sector ICP-MS ELEMENT2 and the multicollector of the
latest ThermoFinnigan thermal ionization mass spectrom-
eter TRITON.

The ICP source has become established during the last
decade for isotope ratio measurements. It provides a high
ionization efficiency for all elements, including elements
with ahigh first ionization potential, such as Hf. It provides
the possibility of external mass bias correction, success-
fully used for Pb and stable isotope measurements.
However, isotope ratio measurements of elements of the
lower mass range, such as Cr, Fe, Caand Si are more diffi-
cult, if using an |CP source, since most isotopes are affected
by molecular interferences. High mass resolution is the key
to extend the power of ICPMS to these isotopic systems.

The ThermoFinnigan NEPTUNE is the first multicollector
instrument capable to do high mass resolution measure-
ments in true multicollector mode. Flat top peaks are
achieved in the high resolution mode, which are essential
for high precision isotope ratio measurements. In high reso-
lution mode NEPTUNE's mass resolution is R = 4000 on
several detectors at a peak plateau width of about 50-
100 ppm. This is sufficient to resolve molecular interfer-
enceson Fe, Caand Si, such asArO, ArH or N,H. . In high
mass resolution mode the transmission is reduced to about
10% relative to the transmission in low resolution setting
(R=450).

Beside high mass resolution overall low background and
high abundance sensitivity is substantial to high precision
isotope measurements. The abundance sensitivity of



NEPTUNE is 3 ppm under operating conditions (measured
on mass 237 relative to *°U). Using an additional energy
filter (RPQ) the abundance sensitivity can be further
improved by afactor of 10 on one channel. At 2 mass units
distance in the high mass region (i.e. Z*Th/*°Th) the abun-
dance sensitivity drops by another factor of 10 resulting in
an abundance sensitivity level of about 30 ppb on the RPQ-
channel.

In this study we will demonstrate the performance of the
NEPTUNE for high precision isotope ratio work for low
and high mass resolution applications. The overall robust-
ness and the stability of the system will be shown.
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Diffusion of Rb, Sr and Ar in Synthetic Micas

Tahar Hammouda

(taharh@opgc.univ-bpclermont.fr)t,

Daniele J. Cherniak (chernd@rpi.edu)? &

Nicolas O. Arnaud

(arnaud@opgc.univ-bpclermont. fr)*

* Laboratoire Magmas et Volcans, Université B. Pascal -
CNRS - OPGC, 5, rue Kessler, 63038 Clermont-
Ferrand cedex, FRANCE

2 Dept of Earth and Environmental Sciences, Rensslaer
Polytechnic Institute, Troy, NY 12180-3590, USA

A systematic investigation of tracer diffusion in micas has
been undertaken. Various approaches have been used and
results on Rb, Sr and Ar diffusivities in synthetic fluorphl-
ogopite have been gathered. In the case of Rb and Sr,
millimeter-sized single crystal were immersed in a source
of fluorphlogopite stoichiometry containing the tracer. For
Sr, additional experiments were performed wherein the
tracer was introduced by evaporating a SrCl, solution on
the micas surface (cleavage plane) before anneding. Both
approaches yielded similar results (Hammouda and
Cherniak, 2000). Samples were annealed at ambient pres-
surein avertical furnace, investigated temperatures ranging
between 550 and 1200°C (Sr) and 650 and 1050°C (Rb).
Tracer distribution after annealing were measured in the
micas by depth profiling in a direction norma to the
cleavage planes using Rutherford Backscattering
Spectrometry. For Ar study, fluorphlogopite single crystals
wereirradiated in aneutron flux in order to produce *Ar by
the *K (n,p) *°Ar nuclear reaction. Irradiated samples were
subsequently submitted to various therma cycles under
vacuum (T between 600 and 1200°C) and *Ar fractions
released at successive steps of the cycles were routinely
analyzed by mass spectrometry. The following Arrhenius
relationships have been obtained :

D(Sr) = 2.7 10* exp (-136000/RT) normal to cleavage,
D(Rb) = 3.0 10™ exp (-240000/RT) normal to cleavage,
D(Ar) = 5.6 10°® exp (-209000/RT)

bulk exchange interpreted as being paralel to cleavage,
where Ds are given in ms* and activation energies arein J
mol™. The results show a positive correlation between
tracer size and activation energy for diffusion. This correla-
tion is till valid if O diffusivity data in natural OH-phlo-
gopite taken from the literature are considered (Fortier ang
Giletti, 1991). This suggests that activation energy for
diffusion in micas is dominated by elastic contributions
which overcome electrostatic effects. As a consequence,
Sr?* diffuses faster than less charged, but larger tracers
(Rb*, Ar). This aso suggests involvement of the interlayer
space of the mica were bonding is ionic, therefore weak.

Fortier SM & Giletti BJ, Geochim. Cosmochim. Acta, 55,
1319-1330, (1991).

Hammouda T & Chernizk DJ, Earth Planet. Sai. Lett, 178,
339349, (2000).

0OS08 : SUpm30: G7
The Influence of Topography on low-T
Geochronology

Kurt Stuewe (stuewe@kfunigraz.ac.at)
Heinrichstr.26, 8010 Graz, Austria

In therma models that are used to explain geochronolog-
ica cooling age data it is generally assumed that the
isotherms are planar surfaces at depth. However, at shallow
crustal levels isotherms will follow the surface topography
in adamped manner and the lower the closure temperature
of achosen geochronological system is, the more important
it is to consider the curvature of isotherms underneath
topography for a meaningful interpretation of the data
Stiwe et a (1994) have shown that the interpretation of
gpatite fission track ages and ages derived from the closure
of the (U-Th)/He system may be significantly influenced
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by topography above 2 km, if the denudation rate is of the
order of severa millimeters per year or more. Their study
was confined to the interpretation of a topography where
the denudation rate is a constant. We have now expanded
this study, in order to explore the influence of topography
on low-T isotherms if the denudation rate is spatially vari-
able, for example due to differential rain fal on the
different sides of arange or due to asymmetry of the topog-
raphy, for example at passive margins. In our approach, a
semi-anaytical solution was found that can be used to
calculate the effect. We show that such asymmetric denuda-
tion should be recognizable in the record of low-T
geochronologica methods that date temperatures below
about 150°C, if the denudation rate exceeds several
millimeters per year. We expect to be able to document an
increase in cooling rate with decreasing temperature on the
high denudation side of a range and a decrease in cooling
rate with decreasing temperature on the low denuding side
of the range. Cooling ages may be twice as old on the slow
denuding side than they are on the rapidly denuding side,
even if the topography remains self similar through time.
(This study is supported by FWF P12846-GEO.)

Stiwe K, White L & Brown R, EPSL, 124, 63-74, (1994).
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Alpha-Recoil Track Dating (ART-D) —
Method and Application

Ulrich A. Glasmacher

(ua.glasmacher@mpi-hd.mpg.de) &

Gunther A. Wagner

Forschungsstelle Archdometrie der Heidelberger
Akademie der Wissenschaften am Max-Planck-Institut
fir Kernphysik, P.O. Box 103980, 69029 Heidelberg,
Germnay

Alpha-recoil-tracks (ART) in mica were first de-scribed by
Huang et a. (1967). These |attice defects are caused by the
alpha decay of #°U (10° times more frequent then sponta-
neous fission), #°U, *?Th and daughter products. The
surface density of ARTs would alow dating Quaternary
geological as well as archaeological materials (Gogen &
Weagner, 2000). ARTs in dark micas are temperature
sensible and the geologica closure temperature is in the
range of 60°C. Dark mica contains U and Th in trace
concentrations (1-5 ng/g). Their apha disintegration
releases energies of severa MeV, part of which is trans-
ferred to the daughter-nucleus as recoil-energy (~10? keV).
The alpha-recoil nucleus slows down when interacting with
the lattice atoms producing ~1000 lattice defects which
equasonesingle ART. The size of latent ART in dark mica
isin the range of 30 to 100 nm (Glasmacher et a., 2000).
To visualise ARTs, dark mica (grain size > 5 mm) was
etched with 40% HF at 25°C between 1 and 25 s. This
etching procedure creates small shallow triangular shaped
etch pits at the surface of the cleavage plane. The etch pits
are visible and countable in the light of phase-contrast
microscopy. A linear relationship of surface density of ART
etch pits with etching time (t,) was observed for phlogopite
from volcanic rocks of the Eifel volcanic field, Germany,
and the East-African-Rift system. Based on the experi-
ments on phlogopite from volcanic rocks of the Eifel
region, amodel for the accumulation of ARTs in micawas
proposed (Gogen & Wagner, 2000). The age equation
combines the volumetric density (p) of ART with the U and
Th contents. Dark micas having been below 60°C for atime
range of more than 10° years reveal an etched ART surface
density where individual tracks cannot be resolved by
phase contrast microscopy any longer. Visualization of
latent ART by AFM-technique enables to commit track
densities beyond 10° cm? and thus extend the new ART-
dating technique (Glasmacher et a., 2000) to an age range
>10°a

Huang WH, Maurette M & Waker RM, In: Radioactive
dating and Methods of Low-level Counting, IAEA,
Vienna, 415-429, (1967).

Gogen K & Wagner GA, Chemical Geology, 166, 127-137,
(2000).

Glasmacher UA, Grabczewski vN, HeiR M, Neumann R,
Ohnesorge F & Wagner GA, EIM, Beih. 1, 12, 61,
(2000).
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¥C and **0 Determinations from Carbonates
and DI C using Continuous Flow Techniques

Francois Fourel

(francois.fourel @micromass.co.uk),

Andy Phillips (andy.phillips@micromass.co.uk),

John Morrison (john.morrison@micromass.co.uk)

& Tom Merren (tom.merren@micromass.co.uk)

Micromass UK Ltd, Floats Road, Wythenshawe,
Manchester, UK

Stable |sotope analyses have been initiated and developed
initially by the geochemical community. *C and **O
analyses on carbonates has played a significant role in the
development of theisotopic techniques. Theinitial analyses
were done by offline preparation systems and analyses by
classica dud inlet IRMS, where the sample and the refer-
ence are introduced alternatively through a change over
valve in the source of the mass spectrometer. Then auto-
mated preparation systems online with the dual inlet were
developed to improve performances and throughput. More
recently continuous flow techniques appeared where the
sample is measured as a gas pulse in a helium stream. This
was first applied to EA-IRMS and then to GC-IRMS. The
advantage of the continuous flow technique is generally
simpler systems, high throughput and smaller sample
amounts. What is presented here is a continuous flow prep
system that alows different types of measurements that
used to be performed through dual inlet prep systems.
Besides the analyses of D/H and *°O using water equilibra-
tion with respectively H, and CO, on 200 microlitre
aliquots of water the MultiFlow Il system is capable of
performing the analyses of *C and **0 on CO, gas released
from the reaction of carbonates with phosphoric acid. The
sample is loaded into the reaction vessel then put on the
sample tray and then the analyses can be performed auto-
matically including automatic delivery of the phosphoric
acid. This technique can be applied to solid carbonates like
calcite or dolomite but also to dissolved inorganic carbon
DIC in waters. Accuracy and reproducibility runs are
presented here to evaluate the technique on different types
of sample sizes. International references analyses (NBS19,
NBS18) are shown to illustrate the performances of this
configuration. Comparison is made with Dual Inlet perfor-
mances on the same type of samples. For the analyses of
3C on Dissolved Inorganic Carbonates with acidification
techniques, data are presented here to illustrate the repro-
ducibility of the MultiFlow in that configuration.
Experiments are shown using artificial DIC made from
known bi-carbonates to demonstrate the quality of the
analyses performed with that configuration. Carbonate
analyses using the MultiFlow | offer avaluable aternative
to classical dua inlet techniques. Differences still remain
between both approach as described in this presentation but
the advantage of such a prep system is that not only it
addresses some of the major applications of stable isotopes
in geology, but it aso allows higher sample throughput and
much shorter analyses times using a much simpler system
with agood level of precision on the measurements.
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Evidence for Archean Seawater Interaction in
Komatiites from Kambalda, Western Australia
Based on the Use of Hydrogen and Oxygen
| sotopes

Mary Jane (maryj@mail .earth.monash.edu.au)?,

lan Cartwrieght (icart@mail.earth.monash.edu.au)*

& Bill Ston

* Earth Sciences Department, Box 28E, Monash
University, Victoria, 3800, Austraia

2 KNO, WMC Resources Ltd., Kambal da Western
Australia, 6442, Australia

The hydrogen isotopic composition of Archean seawater
has been inferred from 6D values of the ultramafic
komatiite lavas (2.7 Ga) from Kambalda, Western
Australia. These rocks are part of the basal section of the
Kambalda Komatiite Formation. The nickel-sulphide
komatiite lavas are products of large degrees of mantle
melting and are deposited on the ocean floor. Seawater
interaction with the cooling lava flows occurs immediately
on emplacement resulting in the formation of serpentinites.
The origina 8D characteristics of the infiltrating fluid are
largely retained because hydrogen is consumed in the
mineral-forming hydration reactions, therefore the hydrous
mineral phases such as serpentine, chlorite and amphiboles
formed during this early interaction will record the isotopic
composition of the seawater at that time unless subject to
further fluid-rock interaction. 8D values of whole rocks and
mineral separates range from -97.5%o. to -38.1%o. These



results are in accord with the results of a similar study by
Lécuyer et al. (1996) on the mafic-ultramafic Chukotat
Group. They found that the 8D values for the Proterozoic
rocks were similar to the results from more recent seafloor
alteration, implying that the 6D for seawater has changed
little over geological time with the assumed 6D
= 0%0+20%o0. Using the serpentine formation fields devel-
oped by Wenner and Taylor (1973), and the corresponding
80 values of the same samples, the data fall into four
groups: a clearly seawater group with average values of
80 = +4.4%o, and 8D =-62.3%o, these indicate the serpen-
tinisation occurred on the ocean floor. A clearly continental
group with average values of 80 = +8.4%., and 8D
=-77.6%0, which show the influence of a continental,
possibly metamorphic fluid in the formation of the serpen-
tine. In the third group, average values of 30 = +7.7%o,
and 3D =-53.9%., the &0 value reflects extensive
carbonate alteration that has occurred in these samples,
while the 8D value represents the value of serpentinisation
on the ocean floor. The final group, with average values of
80 = +4.1%o, and 8D = -86.4%o, represents samples where
the serpentine minerals have totally recrystallised while
preserving the original serpentine &'°0 values. This study
illustrates that the preservation of the earliest phase of ater-
ation in ultramafic komatiite lavas, seafloor hydrothermal
interaction, is recognisable from 8D values when the &°0
values have been modified by later hydrothermal events.

Lécuyer C, Gruau G, Frueh-Green GL, and Picad C,
Geology, 24(4), 291-294, (1996).

Wenner, DBand Taylor, HPJ, Geochimica et Cosmochimica
Acta, 38, 1255-1286, (1974).
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The Oxygen I sotopic Composition of Eclogitic
Rocks from the Umba-Kolvitsa Suture Zone
(Kola Peninsula): A Key for Tracing the
Evolutionary History from Mantle Source to
Mid-Crustal Levels

Dmitri Krylov (dkrylov@dk1899.sph.edu)?,

Stephan Hoer nes (stephan.hoernes@uni-bonn.de)?

& Michael Martin Raith

L IPGG-RAS, Makarova emb. 2, 199034 Sankt Petersburg,
Russia

2 Mineral ogisch-Petrol ogisches I ngtitut, Universitét Bonn,
53115 Bonn, Germany

The oxygen isotopic composition of eclogitic rocks within
the Por’ya Guba nappe unit of the Umba-Kolvitsa suture
zone has been studied to reconstruct the fluid regime during
the evolution of the rocks and to understand the significance
of oxygen isotopes as tracers of processes in eclogitic rocks.
Field and petrological data indicate the following evolu-
tionary history of the rocks: (1) formation of gabbro-norite-
ultrabasite complexes and related rocks through intrusion
and fractional crystallisation of mantle-derived magmas (ca
2.45 Ga); (2) granulite facies metamor-phism (ca 1.94 Ga)
represented by the assemblage Opx+Grt+Pl+Cpx,Hbl (8-
9 kbar, 850-900°C); (3) downloading of the metagab-
bronoritic complexes to depths of about 50 km, leading to
eclogitisation of basic granulites with pervasive develop-
ment of the assemblage Cpx+Grt+Rt (14-16 kbar, ca
950°C); (4) Cooling of the rocks during up-thrusting of the
nappe units (ca. 1.90 Ga) accompanied by extensive hydra
tion at amphibolite facies conditions (Hbl+Pl/Scap assem-
blages, 700-650°C) proceeding from pegmatite dykes and
along ductile shear zones.

According to their bulk chemistry and oxygen isotope
composition, the studied rocks can be subdivided into two
groups: (i) basic members of the metagabbronoritic
complex (BC) (SiO, <50 wt.%, MgO >12 wt.%, and Na,0O
<1wt.%) are characterised by “mantle-like’ 5°O valuesin
the narrow range between 5.5-5.8 %o.(ii) (normative)
plagioclase-rich members of the metagabbroic complex
(PC) (SO, 50-52 wt.%, MgO 7-9 wt.%, and Na,0 2.2-2.5
wt.%) exhibit higher 3'°O values between 6.5-7.3 %o.

The oxygen isotope composition is considered separately
for (i) the refractory phases of the rocks, represented by
garnet which preserved its origina isotopic signature
throughout the superimposed metamorphic processes and,
(ii) the other minerals (Cpx,Opx,Pl,Amp,Rt) which appear
to have exchanged oxygen during the polyphase metamor-
phic evolution. 50 of garnet varies from 4.6 %o in ultra-
mafic rocks (40 wt.% SiO,) to 6.1 %o in the basic rocks (52
wt.% SiO,). Accounting for isotopic fractionation between
garnet and the igneous assemblage during garnet growth,
the estimated &'°O of the igneous precursors were 5.1-6.1
%o (BC) and 6.7-6.9 %o (PC). The isotopic variations are
within the range predicted for fractional crystallisation of a
mantle-derived common magma.
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The oxygen isotope ratios of less refractory minerasin the
rocks bear evidence of a two-stage history. During hydra-
tion under amphibolite facies conditions, these phases were
involved in oxygen isotope exchange with infiltrating
fluids that were isotopically uniform at least in the scale of
10 to 100 metres. The calculated isotopic composition of
the fluids (7.5-7.8 %o) suggests sialic crust as the source of
the fluids, presumably the underlying gneisses of the
Archaean Belomorian complex. The last stage traced by the
oxygen isotope systematics is characterised by a closed
system behaviour of oxygen, and reflects micro-scale
isotopic exchange between the less refractory mineras
during cooling down to temperatures of 500-400°C.

The study was supported by grants INTAS 97-0172 and
DFG-Ra205/23-1,2.
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We have developped a purely analytical model alowing to
calculate the initia cooling rate (s=dT/dt) of deep rocks
uplifted from an initial peak temperature T, to the surface.
This model is based on Lasaga's analysis (1983) and was
used to re-interpret Edwards and Valley (1998) (E&V) data
of **O/*0 partitionning between diopside grains and a
surrounding abundant calcite matrix. The model uses a
mathematical analysis close to the one devel opped by Jaoul
and Sautter (1999) and aso takes advantage of the well
established compensation rule for oxygen diffusion in diop-
side, the minera that controls the oxygen exchange with
calcite in the present case.

We use the mean isotopic concentrations of each grain
measured by E&V as afunction of itsradius d, to calculate
the associated mean temperature =T of each particular
crystal.

One of the new items of our model is the expression of LT
that we demonstrate to be a linear function of 1/d: that
allows a solid estimate of T, by direct extrapolation of L/T
toward 1/d=0. To is a very critical parameter to caculate s
and E&V had difficulty to estimate its precise value. Our
linear relation holds only when d is superior to a critical
size d., under which grains are too small to keep the
memory of T, in their core. From the slope of the plot /T
vs 1/d, we can extract the activation energy E of oxygen
diffusion in the specific diopside of the studied rock.

The second new item is the use of the compensation rule for
all oxygen diffusion data in various diopsides that linearly
correlates E to the logarithm of the pre-exponential factor
D,. From this correlation and using the value of E previ-
ously found, we can extract the corresponding D, necessary
for the calculation of s. Hence al diffusion parameters are
directly known from the rock itself and it eliminates the
problem of making a difficult choice among scattered
published data.

From the plot /T vs 1/d one can also deduce d, the critical
grain size, under which the linear trend of the plot is lost.
The value of d, corresponds to the case y'=10 in Lasaga's
model (1983).

Knowing the values for E, D,, d, and the sensitivity of the
partitionning coefficient to temperature, it is now easy to
calculate s at the beginning of the cooling event using for
instance Lasaga's equation (40) : we find s =80 K/Ma (and
T, = 1100K) while E&V estimated an average value of 1.5
K/Ma over the tota duration of the uplift event (with T, =
973K).

Such an analytical approach has the huge advantage to
check the sensitivity of s to each parameter included in the
model.

LasagaAC, Kin. and Equil. in Mineral reactions, ed : Saxena,
Springer, 82-114, (1983).

Edwards KJ & Valey JW, G. C. A, 62, 2265-2277, (1998).

Jeoul O & Sautter V, P. E. P I, 110, 95-114, (1999).
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* Mineralogie, TU Miinchen, Lichtenbergstr. 4, 85747
Garching, Germany
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We determined the *0/*°O fractionation factor a between
smithsonite and CO, gas produced by reaction with phos-
phoric acid at 50 and 72°C, as the reaction is very sluggish
at temperatures of 25°C and incomplete yields (less than
25% after 5 days) result in alow precision of oxygen and
carbon isotope values (>0.3%o). The reaction of smithsonite
with phosphoric acid in sealed vessels is, however,
complete within 60 hours at 50°C and within 1.5 hours at
72°C. The reproducibilities of isotope values at these
temperatures are generally better than 0.15%.. The a value
for oxygen isotope fractionation between smithsonite and
CO, produced by phosphoric acid reaction is 1.01044 at
50°C and 1.00979 at 72°C. Between 25 and 72°C, the
temperature dependence of a is given by 1000 Ina = 5.38
(£0.07) + 5.21 (+0.07) * 10%T? with T in Kelvin. In the
regression we included the a value at 25°C from Sharma &
Clayton (1965). We applied the techniques described above
to measure the stable isotope composition of smithsonites
from various oxidized Pb-Zn deposits in SW Sardinia
(Italy). The 50y guow Values range from 25.6 to 28.1%o.
These values indicate formation temperatures of 25 to 32°C
assuming a water isotope composition of modern local
meteoric waters (8**Oyguow = -6.5%0), and applying the
smithsonite-water fractionation equation of Zheng (1999).
The carbon isotope compositions of the smithsonites are
extremely variable with 8C,pg values from -10.5 to -
1.8%o. This indicates variable contributions of carbon in
smithsonites from reduced organic and marine carbonate
carbon. The lack of correlation between oxygen and carbon
isotope values suggests that the marine carbon component
in smithsonite probably derived from dissolution of marine
limestones hosting the Pb-Zn ores by infiltrating meteoric
waters.

Sharma T & Clayton RN, Geochim. Cosmochim. Acta, 29,
1347-1353, (1965).
Zheng Y-F, Geochem.J., 33, 109-126, (1999).
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Atmospheric Lead 210 Flux Variations for
North-Eastern China during the Last 200 Years
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High resolution 2°Pb measurments on an annualy lami-
nated lacustrine sediment record recovered from Lake
Sihailongwan (Long Gang Shan mountains, Jilin province)
provide thefirst attained conception of the variability of the
atmospheric 2°Pb flux in NE Chinawithin the dating frame
of the lead-210 method.

Lake Sihailongwan isan unique site for this object of inves-
tigations: (1) The regional atmospheric 2°Pb flux is very
high. (2) The lake is situated in a wooded region with only
slight human influence. The pal aeo-vegetation cover in the
surrounding of the lake, as indicated by palynological
investigations, shows only minor variations for the last 250
years. (3) The catchment of the lake is very small. The lake
receives no inflow via streams. Only dlight contributions
from the inflow of mineralised groundwater are indicated
by the low sdlinity of the lake water. There are no indica-
tions for soil erosion by surface run-off in the surrounding
of the lake. (5) Allochthonous and autochthonous deposi-
tion show distinct seasonal variability, which made the
microscopic identification and counting of annual sediment
layers easier. The annual sediment laminations are neither
destroyed by bioturbation nor by the release of methane
bubbles. (6) The ratio of unsupported #°Pb vers. supported
219y js about 70 for the recent sediment. (7) The alochtho-
nous minerogenic sediment component is around 75%. It is
highly contributed by quartz and seems to originate mainly
from the direct deposition on the lake surface.

The derived mean locally unsupported 2°Pb flux between
1790 and 1970is 517 Bq m2 yr™* with maximum deviations
of -22% and +26% of this average. Disregarding the vari-
ability of the atmospheric flux of unsupported *°Pb relates
to a maximum radiometric dating error of 8 years which
exceeds the analytical uncertainty in dating about three
times. A positive correlation between the unsupported 2°Pb
flux and the input of remote dust is shown. The detrital flux
and #°Pb flux variations probably reflect seasonal and
spatia variations of the east Asian monsoon cycle.
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Environmental Conditions Reflected on Shells
Mytilus galloprovincialis from Eastern Coastal
Area of Adriatic Sea
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In order to estimate the influence of environmental condi-
tions on the excretion of resistant part of the organism
samples of recent M. galloprovincialis were taken from
entire eastern coastal area of Adriatic Seafrom polluted and
reference unpolluted locations in October 1998. Isotopic
composition and metal concentrations in shells were
measured.

M. galloprovincialis deposits daily accretionary growth
bands in the outer prismatic calcite layer of its shell, which
contains a continuous record of seawater temperature and
chemical conditions.

Since aragonite shell layer is found to be enriched in **O
and C relative to coexisting calcite shell layer at relevant
temperatures, the shell layers were sampled separately for
isotopic analysis. On average, aragonite was enriched by
1,07 %o in **C and by 0,15 %o in *0. The *0 / *°0 ratio of
carbonate reflects the &0 of water from which it was
deposited and the temperature a which the deposition
occured. The calculated temperatures of the seawater were
between 17,7 - 24,7°C for calcite and from 20,5 - 28,3°C
for aragonite, which coincide with measured temperatures
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on investigated locations. According to our results of §'*0
and 5=C in shell layers of M. galloprovincialis, the loca-
tions of the investigated area could be separated into three
groups: those with more influence of fresh water, those
with lessinfluence of fresh water and those of marine envi-
ronments. Results of isotopic composition of carbon indi-
cate that shells from locations influenced by fresh water
inflow are depleted with **C.

The highest contents of Mn, Ba, B, As, Ni in the shells of
M. galloprovincialis were found in locations, where chem-
ica and heavy industry is located and close to the sewage
outlets. The highest concentrations of manganese were
determined in the samples from mouth of the Neretva
River, which is contaminated by industrial sewage. The
highest concentrations of zinc, lead, copper were measured
in samples collected close to bigger ports. The shell of M.
galloprovincialis has proven to be a good indicator of
pollution and environmental conditions of Adriatic coastal
area. Palagoenvironmental conditions of the habitat were
detected. Therefore, carbonate shells can be considered as
very important palaeoenvironmental indicators.

0S08 : SUpo03: PO
I sotopic Carbon and Oxygen Composition of
Siderites as Indicator of Conditions of their
Phosphatization

Olga Vetoshkina (izo@geo.komisc.ru)
Institute of Geology KomiSC RAS, Pervomaiskaya st. 54,
Syktyvkar, 167982, Russia

Widespread in the Sysola Depression (northeast of the
Russian Plate) filled with a powerful sequence of terrige-
nous deposits are Jurassic siderites. Data on isotopic
oxygen and carbon composition enables one to reconstruct
formational environments of phosphate mineralisation
paragenetically associated with siderite formation

The siderites are confined to clays, morerarely to sands and
siltstones. They occur as concretions to 0.8 m in diameter
and layers to 0.3 m thick. Their chemica composition
varies widely due to abundant isomorphism. They are
commonly found as polymineral objects consisting of a
large number of different carbonates. The most abundant
among the minerals are Ca-Mg-siderite, Ca-siderite,
Mg-Ca-siderite, and siderite. X-ray diffraction studies
show a high degree of crystallinity, structura ordering of
the phases and indicate the presence of more than one phase
in their composition (main reflections 2.79; 2.80; 2.81; 2.82
angstrom). Where CaCO; account for more than 17%, free
calcite is formed (main reflection 3.02 angstrom).

|sotopic composition of oxygen and carbon in sideriteswas
studied by a conventional procedure making use of
orthophosphoric acid. 8°C_,,, (PDB) and §“O,,,, (SMOW)
vauesfor the mgjority of samplesvary from-16.8 to +0.9 %o
and from +21.0 to +32.7 %o, respectively, which is charac-
teristic of diagenetic siderites.

Lightening of the isotopic composition of oxygen is
observed in samples with increased phosphorus concentra-
tion reaching 5% P,0s. The §'°0,,, valuein this case varies
from +13.9 to +16.2 %0 (SMOW).

Accumulation of the phosphate-bearing sediments occurred
in desalinized conditions. Siderite phosphatization must
have taken place mostly at the early stages of diagenesis, in
an aqueous environment enriched in phosphorus supplied
by continental washdown.
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Recognising Heter ogeneous Distribution of
Platinum Group Elements (PGE) in
Geological Materials by Means of the Re-Os
| sotope System

Thomas Meisel (meisel @unileoben.ac.at),

Johann Moser & Wolfhard Wegscheider

Genera and Anaytical Chemistry, University of Leoben,
Franz-Josef-Str. 18 A-8700 Leoben, Austria

The identification of uncertainties caused by sample inho-
mogeneity on one side and by sample preparation and
measurement on the other side is a challenging task. Using
chemometric methods to separate and estimate these contri-
butions to acombined standard uncertainty of measurement
(uc) of an analytical result requires complex experiments.
The very difficulty of platinum group element measure-
ment makes this task even more complex. But unless it
cannot be clearly demonstrated that the nugget effect domi-
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nates the reproducibility of PGE concentration determina-
tion one should be cautious interpreting the results. In this
work we are able demonstrate without variation of the
sample mass that it is possible to evidence a real nugget
effect in one pyroxenite sample causing alarge variation of
replicate measurement of Os (86% RSD) relative to Re (7%
RSD). Replicate measurements of several pyroxenite from
Kraubath (Austria) gave an Re-Os age of 554 +46 Ma,
which is a geologically meaningful age. Estimation of the
uncertainties for sample preparation and measurement by
quantification of individual components, even with inde-
pendent spike solution and two different instrumentsin the
case of the pyroxenites, lead in the case of ICP-MS to a
combined standard uncertainty of < 3% RSD which is
considered satisfactory. Thus it is possible to identify
contributions from components other than sample prepara-
tion and measurement. In another example, komatiites from
the Pilbara Craton (Western Australia), we are able to
demonstrate that high Re (91% RSD) and Os (50% RSD)
variations are aso due to the nugget effect but that the high
variationsin Os are actually caused by radiogenic ingrowth
(and not to an a priori nugget effect of Os). A true isochron
age of 2876 +38 Ma is determined by the replicate
measurement of one komatiites sample. In either case it
was not possible to assign an average concentration, since
the variabilities of replicate measurements are too large
(e.g. through heterogeneity and/or segregation). But only
by aholistic approach the concentrations and i sotopic ratios
of several subsamples make geochemica interpretations
possible. Identifying the reasons for the nugget effect helps
to understand the geochemical history and formation of the
described rock samples.
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A serious problem for Lu-Hf studies in crustal rocks is the
different geochemical behavior of Lu and Hf. Most of the
Hf is hosted in zircon, which is difficult to dissolve.
Conventionally this problem has been solved by using HF
in the attack as well as in the chemica separation of Hf.
However, Lu (as well as the other REE) has a strong
complexing behavior in HF, which can inhibit complete
sample spike homogenization in HF bearing solutions. In
order to demagnify these analytical problems, we have set
up a HF-free digestion method and for combined Lu-Hf,
Sm-Nd and REE analyses on whole-rock samples based on
Na- peroxide sintering. The respective elements are subse-
quently extracted from one homogenized sample solution.
A further problem in multi isotope studies results from the
fact that powder aiquots of geological rock samplestend to
be isotopically distinct due to heterogeneous distribution of
accessory phases. Discrete constituents with different
amounts of the analytes such as zircon or garnet can be
hardly homogenised down to the micrometer-level in
geological rock samples. The effects with respect to the the
Sm-Nd system and Lu-Hf system can be seen in the overall
uncertainty budget of the analyses. Reproducibilities of
elemental ratios of dry aliquots from the zircon-poor
basaltic rock standard JB-1 (Sm/Nd: 0.6%, Lu/Hf: 0.8%)
approach those defined for pure standard solutions (Sm/Nd:
0.3%, Lu/Hf: 0.8%). (The higher uncertainty of the Lu/Hf
ratio is due to cumulative weighting errors resulting from
the usage of single standard solutions instead of a mixed
standard solution as used for Sm-Nd. Thus, the reliability of
the digestion and separation technique is demonstrated. The
same reproducibility (0.5%) applies for the Sm/Nd ratio on
the zircon-rich dioritic rock standard DR-N. The Luw/Hf
ratio varies by 4.1% due to variable Hf contents. Relative to
the aliquot size (100 mg) this variation can be modeled by
the addition of 0.0015 mg zircon with a Hf content of
11000 pg/g. Therefore it can be concluded, that using this



technique, the largest source of uncertainties for Lu-Hf
determinations is found in sample heterogeneities, which
made it very difficult to determine the Lu/Hf ratio of a
sample. This indicates the importance of replicate analyses
in particular for Archean rocks, where the accuracy of the
Lu/Hf ratio significantly effects the geological interpreta-
tion of the resulting initial Hf isotopic composition.
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New developments in the U-Pb dating of zircons by laser
ablation ICPMS are described and, for the first time, a
direct comparison of detrital zircons dated by LA ICPMS
and SIMS methods is presented. Aspirating a solution
containing enriched U and natural T isotopes at the same
time as laser ablation makes true rea-time mass bias
correction. Correction for laser-induced Pb/U elemental
fractionation from the laser ablation is based on mathemat-
ical treatment of time resolved data that is independent of
laser ablation characteristics and does not require external
standardisation. Internal corrections for mass bias and
elemental fractionation eliminate the effects of variable
sample matrix on isotopic ratios and improve the accuracy
of U-Pb dating by laser ablation ICPMS. With the proper
error propagation, the precision of U-Pb age determinations
is comparable to SIMS-based ion probe dating but LA
ICPMS is capable of more rapid analysis of the large
number of zircons required for sediment provenance
studies. Comparison of concordant laser ablation ICPMS
and SIMS analyses of detrital zircons extracted from lower
Silurian meta-sandstone from the Ulven Group in the west
Norwegian Caledonian nappes suggests a good agreement
between the two techniques.

Meta-sedimentary rocks that were accreted to the
Caledonian ophialitic terrain of western Norway during an
Ordovician (~ 470 Ma) arc-continent collision have been
anaysed by LA ICPMS. These meta-sedimentary rocks
show a distinctly different age specta than Batic conti-
nental margin sedimentary rocks that we also have analysed
with this technique. The U-Pb detrital age spectra suggest
that the Caledonian ophiolites of western Norway were not
obducted onto the Baltic shield in Ordovician times. A high
proportion of Achaean detrital zircons in the sedimentary
rocks associated with the ophiolitic terrain rather suggests
that the arc collided with the Laurentian margin at thistime.
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Serpentinization is a common low-grade metamorphic
process affecting most of the ultramafic rocks at different
geological settings. However, the age of serpentinization is
typically unknown, unlessiit is a present-day process. The
serpentinization is accompanied by Ca-metasomatism
producing calk-silicate rock, rodingite, at the expense of
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lithic inclusions in parent ultramafic rocks and simultane-
ously produced outer metasomatic aureole, i.e. blackwall.
The serpentinite host rock generally represents lizardite-
rich pseudomorphic variety formed from the mantle
tectonite. The rodingite is composed of clinozoisite and
grossularite garnet with accessory relict chess-board albite.
Large transparent football-like crystals of zircon, up to
2mm in size, were found in a chlorite-corrensite blackwall
(Dubinska et a. 1995) surrounding the rodingite boudin in
the serpentinite from the Sudetic ophiolite. Abraded single
zircon grains were used to U-Pb isotopic analyses that
yielded the crystallization age of 400+4/-3 Ma. Primary
fluid inclusions in zircon crystals contain syngenetic
agueous solutions and liquid carbon dioxide; both were
used to estimate by means of crossed-isochore method the
temperature 280-300°C, and pressure ca. 1 kbar. U-Pb
dating combined with pT datathat the Sudetic ophiolite age
is Early Devonian or older. Consequently, the 353+21 Ma
Sm-Nd age of the Sudetic ophiolite (Pin et a. 1988) should
be discarded as the age of the ophiolite formation. Dating
of minerals combined with the precise studies of conditions
in which the minerals form may give significant informa-
tion on the ophiolite nature and evolution.

DubinskaE, BylinaP& Sakharov BA, Clays Clay Miner, 43,
630-636, (1995).

Pin C, Mgerowicz A & Wojciechowska I, Lithos, 21, 195-
209, (1988).
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Key lithological units for the pre- and syncollisional evolu-
tion of the late Variscan orogenic root were dated with U-Pb
zircon ages in order to establish a geodynamic framework.
The samples include highly metamorphosed and strongly
deformed felsic volcanic rocks, orthogneisses, granulites,
and granites. The structure of the root is characterised by an
eastern Neo-Proterozoic buttress that was overthrust by an
external lower crustal unit metamorphosed at 750°C and 14-
15 kbar. The middle crustal unit (Svratka Complex and
Gfohl unit at the base of the Varied Group, both metamor-
phosed at 650°C and 9 kbar) slided westwards from the
external lower crust. It was overthrust from the west by the
lowermost internal granulites (900°C, 16 kbar) and eclogites
of the Gfohl unit (800°C, 18-20 kbar).

Subhedral and prismatic zircons from granitoid rocks of the
Svratka Complex yielded U-Pb ages of 471+29 Ma and
515+9 Ma; euhedral grains from a felsite of the Varied
Group gave 526+22 Ma. The deep root system comprises
felsic orthogneisses and migmatites of the Gféhl unit.
Single euhedral and long-prismatic grains with bipyramidal
terminations from both an orthogneiss and a migmatite
sample yielded a common Concordia intercept age of
39446 Ma that is interpreted as the time of emplacement.
An upper intercept age of 1374+36 Ma indicates
Mesoproterozoic inheritance supported by the Nd model
age of 1.64 Ga for the whole-rock. Short prismatic and
stubby zircons from a Gféhl migmatite, however, yielded a
significantly younger age of 353+16 Ma suggesting Pb-loss
during Variscan high-grade metamorphism.

Three near spherical, multifaceted grains with no internal
zoning from afelsic granulite yielded a nearly concordant
age of 383+3 Ma, which combines with slightly discordant
data points of additional five metamorphic grain fractions
to an age of 387+11 Ma This age is interpreted as first
evidence for agranulite event some 40 Ma earlier than that
determined for other granulite terrains elsewhere in the
Bohemian Massif. However, zircons from a melt patch
occurring within granulitic amphibolites from the external
lower crustal section of the root system. yielded aU-Pb age
343+16 Masimilar to the age of high-grade metamorphism
known in Bohemia.

594

The Cambrian/early Ordovician zircon ages from mid-
crustal complexes are interpreted to reflect magmatic
activity related to continental break-up. Thermally rejuve-
nated and weakened lithosphere was thickened and heated
before extensive crustal melting and high-grade metamor-
phism took place from 390 to 380 Ma. Accompanied by
thrusting lithologies of the lowermost part of the root over
those of the externa root, the exhumation of thickened
lower crust occurred 350 to 340 Maago as suggested by the
age of mid-pressure re-equilibration of a Gfohl migmatite
and the age of a melt patch from the external lower crust
section.
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Metasedimentary amphibolite-facies gneisses and
migmatites of pelitic to psammitic compositions are the
most abundant rocks in the internal zone of the Variscan
belt in central Europe. These rocks are hence the key to
understanding the sedimentary, metamorphic and deforma-
tional evolution of a major part of the Variscan orogenic
belt. However, high-grade metamorphism and deformation
during Devonian and Carboniferous collision have largely
obliterated documents of earlier geological records. Time
constraints on pre-Variscan sedimentation periods are one
of the prerequisites to unravel the premetamorphic evolu-
tion. For this reason we analysed single zircons from high-
grade metasediments collected from the three different
tectonometamorphic units (I-111) of the Moldanubian part
of the Central Schwarzwald Gneiss Complex (Hanel et al.
1999). Dating of the individual grains was performed by
ion microprobe analysis (SHRIMP). The results indicate
that most of the investigated detrital grainsin al three units
were derived from Neoproterozoic sources (650-540 Ma),
with only minor contributions of Archean (2.9-2.5 Ga) or
Palaeoproterozoic components. In the studied metasedi-
ments of unit |, Phanerozoic detrital zircons are almost
completely absent. Metasediments of units Il and 111 bear
zircon domains formed during magmatic events in
Ordovician times (460-490 Ma). In metasediments of unit
111, adetrital sub-population indicates sedimentation during
Upper Silurian to Lower Devonian times. The Variscan
high-grade metamorphism is recorded in zircons newly
grown in granulite-facies metasediments of unit Il and in
rocks of unit | that experienced melt- or fluid-present meta-
morphism (Kalt et a. 2000). The ages of the detrital popu-
lations of the investigated rocks as a whole support
Palaeozoic sedimentation of the protoliths. Most likely the
Precambrian zircons were derived from sources of northern
Gondwana. The Ordovician zircons found in rocks of units
I and 111 evidence the formation of new crust at this time
related to the break-off of small terranes from the northern
margin of Gondwana. Based on the zircon age data of this
work each of the three Schwarzwald gneiss units experi-
enced an individual Palaeozoic evolution.

Hanel M, Montenari M, Kalt A, Int. Journ. Earth Sciences,
88, 49-59, (1999).

KaltA, Kober B, Pidgeon, RT, Beih. z Eur. J. Mineral, 12, 91,
(2000).
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This contribution isintended to illustrate the benefit of high
spatial resolution dating technique in palaeogeographic
work. The Swedish Caledonides are a stack of crustal
sheets thrusted onto a margin of Baltica during Early
Palaeozoic closure of the Ogir Sea (Torsvik & Rehnstrém,
in press) and lapetus Ocean. Lower sheets derived from the
volcanic rifted margin of Baltica Dating of rocks within
such sheets could accordingly inform about the extension
and configuration, in the Neoproterozoic North Atlantic
tract, of orogenic belts transected by the Caledonide belt i.
e. the Sveconorwegian (1.2-0.9 Ga); the Transscandinavian
Igneous Belt (1.81-1.65 Ga); the Svecokarelian (1.91-
1.85 Ga) and Archaean belts. However, because of
polyphase Caledonian collision, isotope systems of rocks
involved are often reset, and information obtained from
complex zirconsis vital.

The Vistas Granite (Seve-Kalak Superterrane) occurs as
rare lenses of fairly massive syenogranite passing into
augen gneiss. The granite and a coeval gabbro were
emplaced into metasedimentary rocks now occuring as
psammitic gneisses of high metamorphic grade. The
granite-gabbro complex was intruded by a swarm of
dolerite dykes with affinity to transitional basalts of conti-
nental rifts. lon-probe (NORDSIM) U-Pb dating of two
populations of zircon from the granite was performed. The
first group of crystals, with oscillatory growth zoning and
length:width ratios of 4-8, yielded an age of 845+14 Ma
(MSWD =1.15), interpreted to date magmatic crystalliza-
tion. Crystals of the second group are complex with zoned
cores and rims and length:width ratio of 2. An age of
1778+11 Ma (MSWD = 0.86) was obtained from cores,
while rims yielded ages of c. 800 Ma. However, one core
yielded an age of 2836+110 Ma(MSWD = 2.5). Crystals of
both populations have thin overgrowth rimsyielding agood
concordia age of 600 Ma, interpreted as reflecting the
emplacement of the dyke swarm. Th/U ratios of 0.4-0.8 for
zircons from the two groups and 0.03 for overgrowth rims
support interpretations of magmatic and metamorphic
events respectively.

A magmatic complex of such age and country rock is
absent in the Baltic Shield basement of the Caledonide belt;
however, the ion-probe data allow correlation within the
belt. On equivalent tectonostratigraphic level (Kalak) but
300 km to the north (Seiland), a gabbro-granite complex of
830-700 Ma (Daly et al., 1991) occurs hosted in high-grade
psammitic gneisses and Archaean orthogneiss. At 600-
525 Ma, a continental riftmagmatic suite of gabbros, ultra-
mafites, akaline basaltic dykes, nepheline syenites and
carbonatites intruded the gabbro-granite complex
(Reginiussen et al., 1995).

The ion-probe data also invite to correlation with the oppo-
site (Siberian) margin of the “gir Sea. In Central Taimyr,
850 Ma old granites of continental crustal derivation and
1800-1900 Ma model age occur in high-grade metasedi-
mentary rocks and associated with an ophiolite complex
hosting c. 740 Ma old plagiogranites and (Vernikovskiy et
al., 1998).

Daly J S, Aitcheson SJ, Cliff RA, Gayer RA & RiceAH N,
J. Geol. Soc. Lond., 148, 29-40, (1991).

Reginiussen H, Krogh Ravna EJ & Berglund K, Geol. Mag.,
132, 667-681, (1995).

Torsvik TH & Rehnstrom, J. Geol. Soc. Lond, (in press).

Vernikovskiy VA, Vernikovskaya AE & Chernykh Al, Int.
Geol. Review, 40, 528-538, (1998).
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The Furgg zone is an intensely deformed tectonic element
of the Western Alps, separating the Monte-Rosa nappe from
surrounding units. It consists of eclogite-facies metabasic
boudins and a matrix of leucocratic gneisses and schists.
The nature, origin and age of both the boudins and matrix
rocks are a matter of controversy. An eclogite boudin
within carbonatic schists of interpreted Mesozoic age
(Keller, 2000) in the area of Andolla, and a leucocratic
orthogneiss at Mattmark (Saas valley) were collected for
SHRIMP-dating. The zircons of the eclogite are relatively
euhedral, ca 120 pm large equidimensiona crystals.
Cathodoluminescence (CL) pictures reveal the same type
of pattern for al zircons: they consist of large magmatic
cores surrounded by narrow (afew pm wide), U-poor rims
formed by recrystallization during metamorphism.
lonprobe dating of the magmatic domains yielded a
weighted mean age of 510 +5 Ma, interpreted as the crys-
tallization time of the gabbroic protolith. The metamorphic
age was not resolvable at this stage, due to the limited
thickness combined with very low U-contents (1-15 ppm)
of the metamorphic rims. However, various degrees of
|lead-loss, due to a younger metamorphic event, were iden-
tified. The youngest of these “ages’ (142 +14 Ma; 20)
defines a maximum age for metamorphism. Hence, HP
metamorphism of these eclogite boudins should be Alpine.
The zircons of aleucocratic orthogneiss at Mattmark show,
in CL, awell developed magmatic core and a thin, U-poor
recrystallization rim formed during metamorphism.
SHRIMP-dating of the magmatic cores revealed that the
protolith crystallized at 272 +4 Ma. Like for the eclogite
zircons of Andolla, the metamorphic, narrow and U-poor
rims of the Mattmark orthogneiss zircons did not yield a
metamorphic age, but show lead-loss due to a younger
metamorphic event which is clearly Alpine.

Our SHRIMP-results exclude a Piemont-Ligurian or a
Valais origin for the eclogite precursor. The Cambrian
protolith age of the eclogite boudin of Andolla and the
Permian protolith age of the orthogneiss of Mattmark indi-
cate heterogeneity of rock constituents within the same
geotectonic zone. Thus, based on the SHRIMP results, the
Furgg zone may be interpreted as ordinary Hercynian base-
ment but would also be in agreement with the view that it
congtitutes a tectonic mélange, as has been supported
mainly by lithostratigraphic arguments (e.g. Milnes et al.,
1981; Froitzheim 1997).

Froitzheim N, Quaderni di Geodinamica Alpina e
Quaternaria, 4, 53-54, (1997).

Keller L, Unpubl. Diploma Thesis, Basel University, (2000).

MilnesAG, Greller M & Milller R, J.8ruct.Geol., 3, 411-420,
(1981).

0S08 : SUpol12: PO
“Ar/*Ar Dating of White Mica from Eclogites
of the Tauern Window (Eastern Alps, Austria)
and the Problem of Excess Argon in Phengites

Robert Handler (robert.handler@sbg.ac.at),

Walter Kurz (walter.kurz@kfunigraz.ac.at)® &

Christian Bertoldi (christian.bertoldi @abg.ac.at)®

*Ingt. f. Geology & Palagontology, Univ. Salzburg,
Hellbrunner Str. 34, A - 5020 Salzburg, Austria

2Inst. f. Geology & Palaeontology, Univ. Graz,
Heinrichstr. 26, A - 8010 Graz, Austria

% Ingt. f. Mineralogy, Univ. Salzburg, Hellbrunner Str. 34,
A - 5020 Salzburg, Austria

We carried out acombined “Ar/*Ar |aser-probe dating and
electron microprobe study on white mica from the Eclogite
zone and the Rote-Wand - Modereck nappe of the Tauern
Window, Eastern Alps (Austrid) in order to constrain the
age of eclogite-facies metamorphism and deformation
within this area Mica compositions are discussed with
respect to the respective muscovite (Ms), celadonite (Cel),
paragonite (Pg), and margarite (Mrg) components.
Chemical investigations on four white mica concentrates
separated from three samples of eclogite-mylonite show
similar chemical composition, with an average of
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C. Ms,Cels,Pgs. “Ar/*Ar dating of these four concentrates
yielded similar flat Ar-release patterns, with ages ranging
between 31.9 +0.4 Ma and 33.3 0.4 Ma *Ar/*Ar vs.
SAr/Ar isotopic correlation plots yielded *Ar/®Ar inter-
cepts ranging between 0.003446 and 0.003665, which is
close to atmospheric composition (*Ar/®Ar atmos. =
0.003384), and might be interpreted in terms of minor
isotopic loss instead of incorporation of extraneous “°Ar-
components. Another sample, also separated from an
eclogite of the same tectonic level, can be regarded to as
paragonite (Ms;Pgq; Mrg,). This sample yielded an age of
37.9 +2.1 Ma. The relatively large error of the age results
from the low K- and therefore Ar-content of the sample. For
comparison, one sample has been separated from Triassic
calcite-marble of the Rote-Wand - Modereck nappe, which
experienced blueschist-facies metamorphism, followed by
a greenschist-facies metamorphic overprint. Analyses of
the concentrate indicate that these micas can be regarded to
as phengitic muscovites (Ms;,Cel3,Pg,), and yielded an age
of 38.9 +0.4 Ma. “Ar/**Ar dating of both samples yielded
flat Ar-release patterns with similar ages, which are signif-
icantly older than the ages obtained from the eclogite-
mylonites. Isotopic correlation plots yielded *°Ar/®Ar
intercepts of 0.003302 and 0.003108 respectively. Again,
thisvalueis close to atmospheric composition and indicates
that incorporation of extraneous “’Ar-components is negli-
gible within these samples. Our results indicate that the Ar-
isotopic system in these white micas have only slightly
been influenced by incorporation of extraneous “Ar
components or “°Ar loss after initial closure. Therefore, the
integrated ages are interpreted to be geologicaly mean-
ingful, and the age difference of c. 6 Ma between white
micas separated from eclogite-mylonites and those from
fine-grained eclogite and calcite-marbleisinterpreted to be
significant. We conclude that the in the area of investigation
regiona metamorphism at c. 38 Mawas followed by defor-
mation under eclogite-facies metamorphic conditions at
c¢. 32 Ma. Furthermore, our study shows, that isotope corre-
lation plots significantly help to understand and interpret
results obtained by “Ar/®Ar age dating, and that phengites
separated from eclogites do not always contain erxtraneous
“°Ar components.
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Dating fault activities is of great importance in evaluating
structural stability of the site of public facilities such as
nuclear power plants and waste repositories. Here we report
Rb-Sr and K-Ar dating results of fault gouges from the
Ulsan fault zone, southeastern Korea where nuclear power
plants have been constructed. The gouge samples were
collected from two representative fault outcrops with
geological evidences of Quaternary deformation; the Ipsil
and the Wonwonsa fault. The clay fractions mainly
consisting of smectite with minor illite and kaolinite were
separated by centrifugation and size fractions of 2~5 um,
1~2 pm and <1 pm were analyzed for Rb-Sr and K-Ar
dating. We also applied 1N and 6N HCl-leaching to <1 pm
fractions, and yielded a large spread of Rb/Sr ratios. The
three size fractions of the Ipsil fault samples show limited
variation in #Sr/%Sr and ¥Rb/*Sr ratios. The residues after
acid leaching, however, have higher #Sr/*Sr and *Rb/*Sr
ratios than the leachates and untreated bulk samples. Six
samples from the Ipsil fault show consistent Rb-Sr age of
around 30 Ma and 24 Ma with reasonable initial &Sr/%Sr
ratios (ca.0.705). One sample shows the same Rb-Sr age
(30 Ma) for al the three size fractions. The reproducibility
of Rb-Sr ages suggests that the two ages are not fortuitous
but geologically meaningful. Three samples from the
Wonwonsa fault show Rb-Sr age of 30 Ma and 8 Ma in
their acid leaching data, but the bulk samples yield an
errorchron age of 49.5+4.8 Ma  (initia
87Sr/%°Sr=0.7048+0.0003) which is in good agreement with
the age of host granites (49.7+0.1 Ma, initia
87Sr/*Sr=0.70486+0.00001; Kim and Kim, 1997). This
means that the closed Rb-Sr system has been maintained in
bulk gouge samplesin spite of recurrent fault activities and
associated hydrothermal alteration. The reproducibility of
30 MaRb-Sr ageis confirmed once again in the Wonwonsa
fault. The K-Ar ages both in the Ipsil and the Wonwonsa
fault, ranging from 33 Mato 45 Ma, are consistently older



than the Rb-Sr ages, implying the presence of detrital radi-
ogenic Ar. Ar-Ar technique and cation-exchange treatment
will be undertaken to test the presence of inherited Ar and
to investigate the behavior of cations during acid leaching.
This study indicates that the Rb-Sr and K-Ar systems of the
analyzed fault gouges were not reset during surface faulting
in the Quaternary period that is suggested by ESR method
(Lee and Schwarcz, 2000).

Kim CS and Kim GS, Geosciences Journal, 1, 99-107,
(1997).

Lee HK and Schwarcz HP, Quaternary Science Review, in
print, (2000).
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Twenty K/Ar age determinations have been made on
several rock types of the Cap de Creus peninsula
(Easternmost Pyrenees). The area consists of Palagozoic
sediments and igneous rocks deformed, metamorphosed
and intruded by calc-alkaline granitoids and pegmatites
during the Hercynian orogeny. They are deformed by
mylonitic shear zones, that have been considered late-
Hercynian in age by the previous authors (Carreras et al.,
1980). K-Ar analyses were made on 18 minerals
(muscovites, biotites and potassic feldspars) and on 2
whole rocks from pegmatites and other intrusives.

Muscovites from Pegmatites at Cap de Creus area recorded
one of the most comprehensive thermal histories never
found in a single mineral species. Cores of large
muscovites and biotites (up to 8 cm of diameter) and bulk
small muscovites and biotites (< 0.5 cm of diameter) have
been sampled. The inner core of the coarse muscovite from
a pegmatite has an age of 285+3 Ma that may be close to
the Hercynian intrusive age. Other muscovites yield ages
that range from 74 to 281 Ma. Coarse-grained biotites from
pegmatites have ages ranging from 208 to 217 Maand fine-
grained biotites yield ages as young as 91+1 Ma. A perfect
relationship between age and grain sizewas found, and it is
interpreted as due to protracted cooling (1.5 to 0.3 K/Ma)
of the high-grade K-feldspar-sillimanite-migmatite zone.

A whole-rock analysis on a basaltic dyke cross-cutting a
mylonite in the Roses area yield a late-Tertiary age.
Therefore it does not constrain a Hercynian age for the
mylonites, as previously reported. One whole rock analysis
from one sample of quartz-feldspathic mylonite has an
upper Cretaceous age (79+1 Ma). This age isinterpreted as
related to the last time of hydrothermal circulation associ-
ated to the mylonitic event. The ages of 561 and 61+1 Ma
obtained from coarse pegmatitic K-feldspars areinterpreted
as reset of these minerals during the early stages of Eocene
compression in the Pyrenees.

From the data obtained, it is concluded that the Cap de
Creus peninsula remained at depth at least for 200 Ma, and
their uplift must be associated to collision between Iberian
and Eurasian plates at |ate-Cretaceous and early Tertiary
times.

Finally, some conclusions about diffusion parameters for
muscovite and biotite are discussed based on our observa-
tions. If recently published muscovite diffusion parameters
are correct (Kirschner et a. 1996), the diffusionin biotitein
the absence of large fluid circulation must be less than
previously assumed, and in fact comparable to phlogopite
(Giletti, 1974).

The quality of the data obtained led us to suggest that clas-
sical K/Ar technique must be retrieved from a widespread
unfortunate criticism. With appropriate sampling and
convenient geological understanding it can provide precise
information.
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The possibility of using “Ar/®Ar method on K-rich cryp-
tomelane to date supergene weathering events
(Vasconcelos et a., 1992, 1999; Henocque et a., 1998,
1999) opens the mind field of considering laterites as pale-
oclimatic indicators. Situated on both sides of the Atlantic
Ocean, the Azul (Brazil) and Tambao (Burkina Faso)
manganese deposits result from lateritic weathering of
Precambrian volcano-metasedimentary manganesiferous
rocks (Mn-carbonates and Mn-garnet quartzites). The Azul
“CAr/*®Ar datings suggest that during late Cretaceous (69-
65 Ma) and Eocene (56-51, 43-40 Ma), wet events have led
to manganese oxide occurrences (Vasconcelos et al., 1994).
The absolute ages of Tambao cryptomelanes are coherent
with those obtained at Azul (Henocque and al., 1998,
1999). Then, the ages suggest the occurrence of intense
tropica humid periods during Eocene (58-46 Ma), at the
Oligocene-Miocene boundary (25-22 Ma) and more
recently (17-12, 7.5 Ma).

Our studied site, the Serra do Navio deposit (North Brazil)
presents the same geologica context as Azul and Tambao.
The purpose of our study is to evaluate if Serra do Navio
manganese deposit was formed during the same (or not)
|ateritization periods prevailing in the past at Azul and
Tambao. In afirst investigation, we define the petrological
patterns of fresh and weathered rocks and the main
manganesiferous ores leading to the development of cryp-
tomelane.

Serra do Navio primary rocks consist of three types of
protores: rhodocrosite-rich rocks, Mn-Si-rich carbonate
rocks, and garnetiferous-quartzites (Bello et a., 1981). The
manganese ores are mineralogically and structurally
heterogeneous. However, in the deeper part of the deposit,
three main mineralogical assemblages ending to cryptome-
lane formation are observed: 1-Rhodocrosite - manganite -
cryptomelane, 2-Rhodocrosite - manganite - pyrolusite -
cryptomelane 3-Spessartite - lithiophorite - cryptomelane.
Towards the topsoil, the weathering of pyrolusite to cryp-
tomelane is the main supergene process.

In the whole lateritic mantle, many cryptomelane genera-
tions of different textures are detected but it is not easy to
evidence the relations between them. In the lower part and
at the surface of the profile, the main cryptomelane textures
are respectively, compact (absol ute manganese enrichment)
and porous (manganese |leaching). Dissolution and recrys-
tallization features, such as colloform and karstic struc-
tures, are observed at all depths. The younger cryptomelane
generation fills up cracks crosscutting the other Mn-ores.

Datations will now be undertaken on the cryptomelane
generations on the basis of our petrologica data.

Vasconcelos PM, Becker TA, Renne PR & Brimhal GH,
Sence, 258, 451-454, (1992).

Vasconcelos PM, Renne PR, Brimhall GH & Becker TA,
Geochimica et Cosmochimica Acta, 58, 1635-1665,
(1994).

Henocque O, Ruffet G, Colin F & Feraud G, Geochimica et
Cosmochimica Acta, 62, 2739-2756, (1998).

Henocque O, Mouele F, Ruffet G, Colin F & Boulangé B,
Geochemistry of the Earth's Surface, 45-48, (1999).

Vasconcelos PM, Annual Reviews of Earth and Planetery
Sciences, 27, 183-229, (1999).

Bello RMS, Coutinho MV, Vaardli 3V, Schultz RA &
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Hossere Nigo is one of the anorogenic plutonic complexes
in the northeastern part of the Cameroon line (CL). Itisa
dominantly gabbroic ring complex with a core formed by
mangeritic and syenitic intrusive bodies.

Previous studies for the timing of magmatism in the CL
indicate a time span from 67 to 31 Ma for the plutonic
activity of the anorogenic complexes and from 42 Ma to
Recent for the volcanic fields of the CL. No age data for
Hossere Nigo were available. Therefore, six whole rock
samples of Hossere Nigo were dated by the conventional
K/Ar method. The whole rock ages which range from 82 to
69 Maare, however, in conflict with the relative succession
of emplacement. Therefore we performed “Ar/*Ar laser
fusion analyses on single crystals of phlogopite from one of
the conventionally dated rocks. The mean “Ar/*Ar and
related isochron ages date back to the K/T boundary and are
about 7 Ma younger than the K/Ar whole rock date of the
sample. The overestimation in conventional K/Ar dating of
whole rocks is explained by hydrotherma overprinting.
Thereported Ar/Ar age can serve as precise fix point for the
earliest CL intrusive magmatism.
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In this study, we present new evidence on Permian S-type
granite magmatism in the Velka FatraMountains. Thisarea,
located in the central part of Slovakia belongs to the Tatric
unit of the Central Western Carpathians (CWC) where
Permian granites were not recognized until now. The
studied granite plutons ranging from tonalitic and granodi-
oritic rocks to two mica granites and orthogneisses repre-
sent amgjor part of the pre-Alpine basement of the Fatra
Mountains. These rocks were investigated in detail by
geochemical, isotopica and geochronological methods.
The granites are classified as S-type peraluminous granites
with alumina saturation index (ASl) 1.05 - 1.45 and can be
described as MPG granites after Barbarin (1999). The
tonalites are little evolved calk-alkaline subaluminous
igneous rocks and their ASI range from 0.90 to 1.15.
|sotope analyses of Sr, Nd and common Pb show generally
continental crust signatures for both granite types. New U-
Pb single zircon grain dating results show that the two mica
S-type granite crystallised 260 Ma ago. The orthogneisses
show 280 Ma age, interpreted as a crystallization age for
the granitic protolith of the orthogneisses. These
geochronologica data report the Permian age of granitoid
magmatism in the Tatric unit of the Western Carpathians for
the first time. Variscan syn- to post-collisional processesin
the CWC generated voluminous felsic granitic magmas
mostly during Carboniferous time. Permian A-type granites
and the specia ore-bearing S-type granites are relatively
scarce. However, in the more south-eastern regions of the
CWC (Veporic and Gemeric units), Permian granite
magmatism and acid volcanism have been documented
(Finger & Broska, 1999). Although the Permian period is
generally connected with extension and/or rifting accompa-
nied by A-type granites, our study suggests also the gener-
ation of S-type granitesin the CWC. Geodynamically, these
magmatic events could be connected to extension or rifting
of the Variscan crust. The occurence of S-type granites can
be explained by melting of continental crust due to heat
flow from the mantle.



Barbarin B, Lithos, 46, 605-626, (1999).
Finger F, BroskaV, Schweiz. Mineral. Petrogr. Mitt, 79, 439-
443, (1999).
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The akaline, ultrabasic-alkaline and kimberlitic magma-
tism terminate the Phanerozoic evolution of the Baltic
shield. The giant deposits of apatite and rare elements and
diamond occurences were formed in that period. The
diamond-bearing kimberlite are revealed now in Finland
and Russia. The time span of Phanerozoic magmatism was
believed firstly very narrow - 380-360 Ma (Kramn et al.,
1993). Then it was broaden by geochronological studies of
ultrabasic-akaline intrusions (Kurga, Sebl'yavr) - 410-
360 Ma (Arzamastsev et al., 1997; Gogol et a., 1998). The
age of kimberlites from Ermakovka kimberlitic field -
406+20 Ma - falled into that time span (Gogol, Delenitsin,
1999). The Rb-Sr age of kimberlites of Por’'ya Bay is
420+5 Ma (Antonov et al., 1999). It is known that kimber-
lites from different provinces have the variable ages of
emplacement (Krivonos, 1997). The time span of kimber-
litic magmatism in North-Western Territories, Canada, is
47-539 Ma (Zinchuk, Mityukhin, 2000). The variations in
isotope composition of Sr and Nd, and in model ages
(TDM=0.79-2.00 Ga) indicate on different magmatic
sources for kimberlites and melilitites of Arkhangelsk
province (Parsadanyan, Zhuravlev, 1997). From geological
data the age of Arkhangelsk kimberlites is estimated as
400 Ma (Kharkiv et a., 1998). For Rb-Sr dating two
samples of medium-grained phlogopite-olivine kimberlite
of crater facies were taken from Ermakovskaya-7 pipe. The
samples are very similar in mineralogical and petrochem-
ical composition. The olivine and phlogopite was picked
out the one sample, and phlogopite out the second sample.
The purity of phlogopite fractions is 99.5% with impurity
of magnetite, and the purity of olivine is 95%. The isotope
analyses were performed in Geological Institute KSC using
the mass-spectrometer M1-1201T. The Rb-Sr isochrone age
of kimberlites is 465+12 Ma. The similar age of 461 Ma
was obtained at recalculation on three points from single
sample (phlogopite, olivine, whole rock). The age obtained
is different from the age of the same kimberlite, published
earlier (Gogol, Delenitzin, 1999). Most likely the low
purity of the mineral fractionsin early case was the reason
of isotope data distortion. Initial Sr ratio is0.7044 which is
intermediate between the | and Il kimberlitic groups of
Arkhangelsk province. The age obtained corresponds to the
onset of magmatic activity at 180-200 km depth before the
main akaline magmatic phase. The time sequence of
magmatic events in NE Baltic shield is follow: kimberlitic
magmatism - 465-410 Ma; alklaine-ultrabasic magmatism -
410-370 Ma; akaline magmatism - 375-360 Ma.
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Dominantly mid-Cretaceous magmatism in the Karakorum
Batholith marks accretion of the Kohistan Complex to Asia
after northward subduction of the northern Tethys Ocean.
Accretion-associated deformation developed between 102
and 75 Ma along the North Kohistan Suture. Better under-
standing of the arc-arc collision between the Kohistan
Island Arc Complex and the Karakorum Paleo-active
Margin requires precise dating of rocks involved in the
collision-related deformation. U-Pb dates from single-grain
zircon geochronology provide additional evidence for
Cretaceous magmatism in the Hunza region of the
Karakorum Arc. The magmatic ages of two deformed
plutons located a few hundred meters above the locally
called Karakorum Thrust help to better bracket the age of
the arc-arc collision aong this North Kohistan Suture.
Zircon fractions were separated from weakly deformed,
garnet-bearing orthogneisses (one metadiorite and one
granite) that crop out along the Kohistan-Karakorum
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Highway between the city of Hunza and the North Kohistan
Suture. The metadiorite is a prominent mylonitic sill asso-
ciated with garnet-staurolite schists in the immediate
hanging wall of the Karakorum Thrust (74.573 E and
36.269 N). The metagranite is a folded, thick dyke at the
very southern edge of the Hunza city. We selected euhedral,
long-prismatic zircon grains whose morphology supports
theigneous origin of both bodies. Other crystal types found
in subordinate amounts are not essential to this study. The
magmatic zircons were further selected by transmitted-light
microscopy to exclude core-bearing grains. The best crys-
tals were mechanically fragmented to remove domains
influenced by the rock foliation and/or containing aien
mineral inclusions such as biotite or apatite. The meta-
diorite is characterised by unusualy big zircons (up to
50 microgram each) with widespread internal tunnels and
inclusion-bearing tips. The zircons have relatively low U
concentrations (238-447 ppm) and Th/U ratios 0.52-0.81.
Four data points yielded perfectly concordant ages that we
consider as the magmatic one at 106.1+0.1 Ma,95% c.l. In
contrast, the granite contains relatively small and internally
cleaner zircon grains. In two cases we had to combine afew
very small grains with the same morphology for a single
analysis. Zircons have U concentrations of 866-1579 ppm
with Th/U ratios ranging from 0.14 to 0.30. Three data
points are concordant and two grains (75 and 83% of
concordance) show the same 2*Pb/*"Pb age as the concor-
dant ones. This is interpreted as the intrusion age at
100.1+0.1 Ma, 95% c.l. In conclusion, our high-resolu-
tion/precision results document two distinct and analyti-
cally non-overlapping Albian intrusions in the then-active
Karakorum Margin, with and early diorite and a slightly
later granite. As a corollary, collision-related deformation
that hasfoliated both bodiesisyounger than 100 Ma, which
better brackets this event than previous dating.
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A large data-base of 687 concordant (95-105%) SHRIMP
U-Pb analyses of 576 zircon crystals from 43 rocks and
ores, al supported by field geology and geochemistry,
establishes four Precambrian orogenic cycles and two,
possibly three, Proterozoic supercontinents. The investiga-
tion of one backscattered electron and one cathodolumi-
nescence image of each zircon crystal, integrated with the
isotopic results, makes evident the open-system geochem-
istry of zircon by domains. Zircon may recrystallize during
metamorphism inwards from the rims, outwards from the
cores or aong thin euhedral zones, because of radiactive
defect-enhanced porosity. The Uruguayan Cycle (3.4-
3.0 Ga) and the Jequié Cycle (2.9-2.5 Ga) occurred in the
Archean and is associated with magmatism and deforma-
tion of granite-greenstone belt terrains and extensive gran-
ulites. The Trans-Amazonian Cycle (2.25-2.00 Ga) is most
significant in northern South America, where it forms
granite-greenstone belts with large gold deposits, but is
aso widespread in the entire Brazilian Shield. This
Paleoproterozoic cycle has the Encantadas Orogeny (2.25-
2.10 Ga) which contains voluminous tonalites and green-
stone belts, and the Camboriti Orogeny (2.10-2.00 Ga)
with a predominance of K-rich granitic rocks and mostly
flat-lying structure. The Brasiliano Cycle extends from
900 Ma to 500 Ma, and includes the Passinho Orogeny
(900-800 Ma) and the Sao Gabriel Orogeny (750-700 Ma),
both with abundant juvenile tonalites and andesites. Late
in the Neoproterozoic, the Dom Feliciano Orogeny (650-
590 Ma) produced the largest volume of granitic and
volcanic rocks and created foreland basins, which were
followed by the Rio Doce Orogeny (580-540 Ma). One last
compressive event occurred about 530-500 Ma, the BUzios
Orogeny, not observed in the southern Brazilian Shield.
The absence of zircons formed in two intervals from 2.6 to
2.25 Gaand from 2.0 to 0.9 Gais most significant, because
it indicates that the southern Brazilian Shield was in the
interior of three supercontinents, the first unnamed, the
second recognized as Atlantica and the third
Gondwana.Only alarge data base of high quality SHRIMP
U-Pb ages make possible such a far reaching inference.
The integrated investigation of field relationships, rock
petrography, zircon petrography - optical microscopy,
backscattered electron and cathodoluminescence imaging,
chemical analyses of zircon crystals by electron micro-
probe, and voluminous, high-quality, concordant U-Pb
isotopic SHRIMP analyses of zircon crystals led to the
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identification of orogenic cycles and supercontinent cycles
in the southern Brazilian Shield, which has wide applica-
tion to South America. Only the investigation of the
internal structure of zircon crystals and diffusion processes
involved made possible this advance in SHRIMP
geochronology and impact on the understanding of the
tectonic evolution of the southern Brazilian Shield.
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The Epupa Complex of NW Namibia, situated at the south-
western margin of the Congo Craton, consists of pre-Pan-
African high-grade metamorphic gneisses which are
intruded by the large anorthositic Kunene Intrusive
Complex. Granulite facies rocks of various compositions
occur in major parts of the study area (Brandt et ., 2000).
P-T conditions for the granulite facies metamorphism were
calculated at about 900-1000°C and 7-9 kbar (see accom-
panying abstract by Brandt et al.).

Garnet-bearing granulite samples were selected for isotopic
age determination by the Pb-Pb stepwise leaching method
(Frei & Kamber, 1995; Frei et al., 1997) applied to garnet.
Metapelitic granulites comprise the peak metamorphic
paragenesis: garnet-sillimanite-perthitic K-feldspar-plagio-
clase with rutile, zircon and hercynite as accessory phases.
Charnockitic gneisses display coexisting garnet and
orthopyroxene (1) porphyroblasts in a quartz-feldspar
matrix. In some samples garnet is replaced by cordierite-
orthopyroxene (Il) coronas. Accessories are zircon,
ilmenite and hercynite.

Garnet fractions of metapelitic and charnockitic granulite
samples yielded similar ages of 1430+68, 1446+31 and
1461+59 Ma. All samples show increasing radiogenic Pb
release in each leach step with the last, residual step (step 5)
being by far the most radiogenic. The garnet leach pattern
from step 1 to 4 indicates rather low U/Pb but increasing
contents of thorium-bearing phases. In contrast, the
residual step has high U/Pb and low Th/Pb contents which
is most probable due to submicroscopic inclusions of
zircon. However, judging from the lead isotope ratios, the
zircon inclusions in the garnet grains do not influence the
slope in the 2®°Pb/?*Pb vs. 2"Pb/**Pb plots of all samples.
Thisimpliesthat these zircon inclusions have grown during
the same high temperature event as the garnets.

In summary, a major granulite facies event has been dated
in the Epupa Complex at 1450+50 Ma To place further
constraints on the tectono-metamorphic evolution of the
Epupa Complex additional age determinations on the gran-
ulite and associated amphibolite facies rocks in the study
area are in progress.

Brandt et a, Geoluanda 2000, Angola, Abstract Volume, 33-
34, (2000).

Frei & Kamber, Earth Planet. Sci. Lett, 129, 261-268, (1995).

Frei et a, Geochim. Cosmochim. Acta, 61, 393-414, (1997).
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Extending along the eastern coast of India, the Eastern
Ghats Belt (EGB) forms an integral part of the once contin-
uous high-grade terrain of Precambrian Gondwanaland. In
paleotectonic reconstructions of the supercontinents
Rodinia and Gondwana, the EGB is considered as a
segment of the global SWEAT orogen (Moores, 1991) and
juxtaposed with the Rayner Complex and Northern Prince
Charles Mountains of East Antarctica, implying similarities
of their crustal evolution. To test this reconstruction, U-Pb
zircon dating of enderbite and charnockite intrusive
complexes as well as Th-U-total lead dating of monazite in
the Western Charnockite Zone (WCZ) of the EGB south of
the Godavari graben has been carried out. SEM and CL
studies of morphology and internal structure of the zircons
indicate their magmatic (type I) and metamorphic (type I1)
origin. The discordia constructed for two abraded fractions
of type | zircon from enderbite has an upper intercept with
the concordia at 1720+6 Ma that corresponds to the crys-
tallisation age of the enderbite protolith. Type | zircon from
charnockite yields a discordia with an upper intercept with
the concordia at 1716+8 Ma and a lower intercept at
882+117 Ma(MSWD=0.1). Type Il zircons are concordant
with an age of 1595+2 Ma. The U-Pb zircon data thus show
that the protoliths of enderbites and charnockites intruded
the supracrustal granulites at ca 1720 Ma and underwent
granulite facies metamorphism at ca 1600 Ma. The Th-U-
total lead ages of monazites from diatexitic granulites,
leptynites and charnockites range from 163829 to
1543+16 Ma These data clearly show that the WCZ, in
contrast to the extended eastward domains of the EGB
(Mezger and Cosca, 1998, was not affected by high-grade
metamorphism during the Grenvillian and Pan-African
events. The separating Sileru lineament (Ramakrishnan et
al., 1998) thus represents a mgjor terrane boundary. The
WCZ has no counterpart in East Antarctica. Its magmatic
and metamorphic events, however, correlate with 1.7-
1.6 Ga events in the south-western United States and
Australia. The eastward domains of the EGB and the
Rayner Complex and Northern Prince Charles Mountains
of East Antarctica, on the other hand, show a comparable
crustal evolution with mainly Paleoproterozoic (2.4-
2.2 Ga) and late Archaean (2.8-2.6 Ga) Nd model ages, a
major tectono-thermal-magmatic event at ca. 1.03-0.94 Ga
and a marked Pan-African (ca 0.63-0.5 Ga) overprint (cf.
Mezger and Cosca, 1989; Kovach et al., 1998; Rickers et
al., 2001), which confirms their juxtaposition in the
Rodinia and Gondwana supercontinents.

Kovach VP, Berezhnaya NG, Sanikova EB, Narayana BL,
Divakara Rao V & Yoshida M, Journal Eastafrican
Earth Sciences, 27, 125-127, (1998).

Mezger K & Cosca MA, Precambrian Research, 94, 251-
271, (1999).

Moores EM, Geology, 19, 425-428, (1991).

Ramakrishnan M, Nanda JK & Augustine PF, Geol. Surv.
India,Spl. Pub, 44, 1-21, (1998).

Rickers K, Mezger K & Raith MM, Precambrian Research,
in press, (2001).
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Statistic processing of isotopic dates (K-Ar, Pb-Pb) on
metamorphic rocks in the Marunkeu block highlighted a
distinct age maximum in the 800-600 Ma range. The
maximum is based on eclogite and their likely protoliths
(peridotites, gabbro) dates, so it seems reasonable to link it
to eclogite-grade metamorphism. In recent years, however,
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Sm-Nd and Rb-Sr isochronous mineral dates have been
published (~360 Ma) that are interpreted as indicating the
time of eclogite formation while completely ignoring avail-
able data, though even K-Ar amphibole dates are
commonly equal to 600 Ma and Pb-Pb zircon dates can be
as old as 750 Ma. Such interpretation seems premature,
because it does not take into account geochronological data
on other rocks in the block as well as data on endogenic
evolution of the nearest geologic environment. If it is
remembered that the estimated temperature of eclogite and
amphibolite formation is 550-650°C, i.e. it virtually coin-
cides with the K-Ar isotopic system’s closure in amphi-
boles, then the eclogite and amphibolite dates are real ones,
maximum close to true eclogite and amphibolite ages. In
order to check this inference, we did Rb-Sr whole rock
dating of metamorphic rocks from Slud’anaya Gorka and
obtained the following data Amphibolites were dated at
772416 Ma, peridotites - 808+140 Ma. Eclogites yielded
three ages: 626+20, 478+15, and 399+37 Ma. This seemsto
complicate the situation, because the new datesfall into the
Palaeozoic; however, being obtained on muscovite-bearing
rocks, they, in all probability, reflect more recent processes
in the metamorphic evolution of the eclogites. This sugges-
tion is confirmed by K-Ar dates on muscovites from the
eclogites and the enclosing rocks, ranging 480-340 Ma.
Furthermore, the rocks that yielded the 360 Ma date, also
contain mica. The younger age may be due to substance
remobilisation resulting from eclogite exhumation or
tectonic events in the evolution of uralides on the Urals’
eastern slope. It is only a suggestion, but a one that even at
this stage is supported by factual data. Thus, peaks of post-
ophiolite granitoid magmatism in Shuch’ya palaeo-island
arc system are attributed to 400 and 360 Ma, and it ishardly
possible that the observed age correlation in the west and
east of the Polar Urals is mere coincidence.
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During the past few years a model has been widely
accepted, which groups al Grenville-age rocks in Mexico
within one Proterozoic microcontinent called Oaxaquia,
that underlies Mexico from the NW to the SE (Ortega
Gutierrez et a., 1995). The easternmost exposure of
Proterozoic granulitesin Mexico is the Guichicovi complex
at the western edge of the Tehuantepec isthmus (Weber &
Kohler, 1999). These granulites are intruded by the
Mesozoic Mixtequita batholith (MB). The Chiapas
batholith (CB) extents from the east of the Tehuantepec
isthmus to the border of Guatemala, and is composed
mainly of deformed granitoids. Almost nothing is known
about basement in the CB, however, we observed
orthogneisses, amphibolites, paragneisses, and marbles
intercalated within the CB granitoids. In order to test
possible similarities between MB and CB, and to get some
information about basement intruded by the CB, we present
Rb-Sr, Sm-Nd isotope, and geochemica data from both
intrusive complexes, and preliminary results from U-Pb
zircon dating of an orthogneiss from the CB.

Rb-Sr biotite/whole rock ages of granitoids from the MB
are between 228+8 and 239+12 Ma A gabbro has a
biotite’'whole rock age of 181+9 Ma These age data,
together with trace and RE element distributions, indicate
two separate igneous eventsin the MB. CB samplesyielded
similar biotite/'whole rock ages (237¢12, 177+9 Ma). Nd-
and Sr-isotope data and Nd model ages (1.15-1.25 Ga) of
granitoids from the MB show an influence of reworked
Precambrian lower crust. The CB granitoids and gneisses
display a stronger variation in their Sr- and Nd- isotope
compositions and Nd model ages (1.04-1.27 Ga). Some CB
rocks indicate a similar lower crust influence than the MB,
but some gneisses display more upper crust like isotope
signatures. One amphibolite has a Nd model age of 1.4 Ga,
indicating that its precursor is of Precambrian age. U-Pd
isotope data of four zircon fractions from a CB orthogneiss
are strongly discordant. They yield alower intercept age at
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227+(8-11) Ma which is within the errors of the
biotite/whole rock age (237+12 Ma). The upper intercept
age at 664+84-76 Ma s not well constrained, but it shows
that alate Precambrian or Panafrican event has affected the
CB basement, and inherited lead of Grenville age may be
present in these zircons, also.

To date, it has not been possible to demonstrate granulite
faciesrocksin the CB, but our dataindicate that at |east part
of the CB formed within the same magmatic arc than the
MB, which doubtless intruded Grenville basement. The
possible influence of a Panafrican event, strong deforma-
tion, and some upper crust isotope signatures demonstrate,
however, that the CB is much more complex and not simply
the continuation of the MB towards the east.

Ortega-Gutierrez F, Ruiz J& Centeno-GarciaE, Geology, 23,
1127-1130, (1995).

Weber B & Kohler H, Precambrian Research, 96, 245-262,
(1999).
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The crustal history of Indochinese region as viewed from
northern Vietnam was initiated in Archean. Nd model ages
suggest that a continental crust as old as 3.4-3.1 Ga may
have been separated from a depleted mantle source. Since
then, the region has experienced a complicated tectonic
evolution - three thermal episodes during Precambrian and
four episodes during Phanerozoic. Late Archean magma-
tism (2.9-2.8 Ga) with TTG geochemical characteristics, a
Middle Proterozoic (1.8-1.3 Ga) event corresponding to the
major episode of crustal formation in the South China
Block and a Neoproterozoic (850-740 Ma) mantle plume
event that initiated the breakup of Rodinia are the major
thermal events in Precambrian. The result was a series of
collision and extrusion events. Silurian (428+5 Ma)
magmatism occurred to relate to the Caledonian orogeny.
The recognition of a ca. 280-240 Ma magmatic arc along
the northern margin of the Indochina Block and a ca
240 Mametamorphic belt in the Song Ma area suggests the
collision of Indochinawith South China has occurred in the
Early Triassic. After suturing, widespread intraplate
magmatism affected Vietnam, during Late Jurassic to
Cretaceous (145-75 Ma) time, which most likely corre-
sponds to the Yanshanian “orogeny” in South China Block
related to lithospheric relaxation and extension. Finaly, a
mid-Tertiary (ca. 40-25 Ma) event is recorded by gneisses
exposed within the Red River shear zone owing to the
continental extrusion resulting from the India-Asia colli-
sion.

Lan CY, Chung SL, Lo CH, Lee HM, Wang PL and Lee TY,
Eos, Transatcions, AGU, 80, F1043, (1999).

Qiu YM, Gao S, McNaughton NJ, Groves DI and Ling W,
Geology, 28, 11-14, (2000).

ZZZha MG, Cong BL, Qiao GS and Zhang RY, Acta
Petrologica Snica, 6, 1-11, (1990).

Chung SL, Lo CH, Lan CY, Wang PL, Lee TY, Hoa TT,
Thanh HH and Anh TT, Eos, Transactions, AGU, 80,
F1043, (1999).

Lan CY, Chung SL, Shen 1, Lo CH, Wang PL, Hoa TT,
Thanh HH and Mertzman SA, Journal of Asian Earth
Sciences, 18, 267-280, (2000).
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The Indochinese peninsulais a composite of several conti-
nental blocks which have been amalgamated during the
Indosinian Orogeny. The territory of Vietnam, to the East,
is itself composed of several terranes which have experi-
enced a complex succession of thermotectonic and
magmatic events. The northern half of Vietnam is mainly
occupied by the Truong Son belt which comprises meta-
morphic series, either exposed as mylonites along linear
NW-SE dextral strike-slip fault zones or as dome structures
of similar trend. The age of the major tectonometamorphic
episode, which affects these terranes, is 240-250 Ma, as
determined by numerousAr-Ar datings. This meansthat the
Truong Son belt has essentialy acquired its present-day
structure during a Permian-Early Triassic event of the
Indosinian Orogeny. However, at least two areasin this belt
have been heavily reworked during the Cenozoic, i.e.
between 20 and 35 Ma: the Red River Fault Zone and the
Bu Khang-Phu Hoat massif. To the south of the Truong Son
belt, the Kontum Block exhibits some peculiar tectonic and
petrological characters. Four main petrological units are
identified: - An autochthonous basement of granulitic meta-
morphic facies rocks, showing decompression LP gran-
ulitic corona-forming textures. Garnet-biotite
geothermobarometry confirms the HT-LP peak, which has
been reached during the growth of the specific assem-
blages. - A mesozonal orthoderived formation, may be in
alochtonous position, occupies the western side of the
Massif (Dak To Formation). It is a cak-akaline to sub-
akaline formation containing granitic to dioritic
orthogneisses and some gabbros-derived amphibolites.
Both, the granulitic and the mesozonal Dak To units yield
Paleozoic ages up to 450 Ma, with different degrees of reju-
venation linked to subsequent magmato-metamorphic
events. The granulitic series are widely intruded by
charnockitic magmas. Many of them are more or less
differentiated, giving rise to acidic to intermediate and
basic rocks. Only one assemblage occursin these charnock-
ites. Biotites from these charnockites yield ages ranging
from 226 t0264 Ma. -Two other major metamorphic forma-
tions are represented in the Kontum massif by schists and
micaschists formed under greenschist amphibolite facies
conditions. They more or less overprint the granulitic and
charnockitic suites. All dated biotites, amphiboles and
muscovites from these series yield ages between 230 and
250 Ma These geochronological data imply that the
tectonometamorphic event represented in SE and S Asia
and related to the Indosinian Orogeny, also occurred in the
Kontum Block, which therefore was not at that time a
distinct and separate block with respect to the northern
segment of the Truong Son belt. Moreover, the Kontum
Block, in its whole, cannot longer be considered as an
Archean fragment of the Gondwana, on the simple argu-
ment of the occurrence of charnockites.
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The Isorssua complex is predominantly gneiss, grt-crd-sil
micaschist and amphibolite metamorphosed to the upper
amphibolite facies (700-750°C; 4-6Kb) during the late
Archean (~2620-2680 Ma, total Pb zircon, Masson et a.,
1971). These rocks have been geochronologically re-inves-
tigated in order to constrain their late metamorphic cooling
evolution and to test the possibility of dating biotite inclu-
sionsin garnet, by in-situ “Ar/®Ar UV-laser probe. Whole
rock-garnet Sm/Nd analyses yield ages between 2474-
2487 Ma. Chemical zonation in garnetsindicates retrograde
chemical re-equilibration suggesting the geochronological
data record cooling ages. In addition, “Ar/*Ar data from
hornblende give ages of 2449-2504 Ma, consistent with the
Sm/Nd ages. A sample containing large garnets (1.5-2 cm)
preserving prograde chemical zonation produced a Sm/Nd
age of 2639 Ma (in agreement with the previous total Pb
zircon ages). Later cooling has been estimated by in-situ U-
Thitotal Pb dating (electron microprobe analyses) of small
monazites, indicating ages of 2361-2379 Ma. The low
temperature cooling history is difficult to estimate because
of the thermal overprint during the Ketilidian orogenesis.
Ar/Ar and Rb/Sr data on bioctites indicate that the isotopic
system was partially reset, providing ages between 2200
and 1800 Ma. However, an “Ar/®Ar age on phlogopite
(2221 Ma) could represent the latest cooling stage recorded
in these rocks prior to the Ketilidian overprint. In-situ
“Ar/®Ar UV-laser analysis of biotite inclusions in garnet
did not yield prograde metamorphic ages, probably because
the garnets are highly fractured which is sufficient to permit
argon loss. These geochrononological data are consistent
with a continuous cooling rate of ~1°C/Ma, from 2600 to
2200 Ma. This slow cooling rate is equally consistent with
erosional denudation with a typical paleo thermal gradient
of ~40°C/km.

Masson H, Chessex R & Deldoye M, Schweiz. Mineral.
Petrogr. Mitt, 51/1, 179-194, (1971).
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lon probe zircon dating in combination with cathodolumi-
nescent and backscattered electron images and laser abla-
tion microanalysis has improved our understanding of the
type of petrogenetic events that can be dated using zircon
(Cornell et a. 1999). An important issue is the question of
survival or resetting of older zircons which are taken up in
younger magmas. In this contribution three different exam-
ples are discussed, all concerning melted >1583 Ma
metasediments from the Stora Le-Marstrand Formation of
the Southwestern Baltic Shield (Ahall et al. 1998). At
Algsn an 916 Ma intrusive norite melted metagraywackes
to form a 10 m wide rheomorphic felsic contact migmatite
(Schersten et a. 2000). Thin new magmatic rims devel oped
on most xenocryst zircons, which generally retained their
much older ages, from ~1600 up to 3.54 Ga (Cornell et al.
2000), but lead loss due to the 916 Ma intrusion is recog-
nised in some grains. At Vrangd an intrusive 1550 Ma
gabbro melted and mixed with metagraywacke to form
hybrid magmatic rocks. Thick metamorphic rims devel-
oped on zircon xenocrysts, but with a few exceptions the
xenocrysts show major lead loss for the time of hybridiza-
tion. The Ronnéng Tonalite is alarge 1583 Ma body which
intruded the foliated graywackes from depth, showing no
field evidence that it originated from or assimilated them.
Nevertheless its zircons show distinct cores and rims with
very similar cathodoluminescent and backscattered elec-
tron characteristics to those seen at Vrangd. However the
cores and rims give indistinguishable ages. In this case it
seems that the xenocrystic cores have undergone complete
lead loss during the magmatic event. These well-charac-
terised cases are used to develop criteriafor distinguishing
unaffected from reset zircon xenocrysts, based on detailed
SEM-CL and BSE images and microchemical analyses.

Cornell, D.H., Thomas, R.J., Hoskin, P, Armstrong, RA.,
Whitehouse, M.J, EUG10, J.Conf. Abs,, 4, 710, (1999).

2Ahdl, K-I, Cornell, DH, Armstrong, R, Precambrian
Research, 87, 117-134, (1998).

Schersten, A, Areback, H, Cornell, DH, Hoskin, P,
Armstrong, R, Contrib. Mineral Petrol, 139, 115-125,
(2000).

Cornell, DHArebéck, HSchersten, A, GFF, 122, 377-383,
(2000).
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U-Pb dating of zircon is one of the most important tech-
niques used on magmatic, metamorphic and also sedimen-
tary rocks (provenance studies). Interpretation of zircon
ages as magmatic or metamorphic growth events mostly
uses arguments based of grain morphology and Th/U. Some
‘rules of thumb’ have thus been established, e.g. that meta-
morphic zircon has very low Th/U, that recrystallised
zircon have significantly lower ages and may be discordant
etc. It has also recently been proposed that REE patterns of
zircon do not vary enough to be useful in distinguishing
different zircon populations/samples.

Our studies on zircon from the regional metamorphic
aureole in Rogaland, SW Norway, combines in-situ U-Pb
zircon dating by SHRIMP with trace element characterisa-
tion of the dated zircon by electron- and ion-microprobe
(e.g. Y, Hf, REE). Our results suggest that these ‘rules’ for
zircon interpretation have to be used with caution: eg.
recrystallised areas may be perfectly concordant and yield



ages within the uncertainty of amagmatic event. Th/U were
found not to be correlated with magmatic/metamorphic age
groups. Instead, analyses of each sample have a distinct
range of Th/U regardless of magmatic or metamorphic
growth and plot in distinct fieldson aY vs. Th/U diagram.
Thistype of plot can be used to detect inherited xenocrystic
cores and/or recrystallised areas (low Th/U, low Y) within
zircon grains.

It can be concluded that not all metamorphic zircon has to
have low Th/U. Where low Th/U occurs in metamorphic
zircon, it may be the result of growth of competing phases
(e.g. monazite, alanite) or of open-system behaviour
(transport and fractionation of Th and U by fluids) in the
rock, whereas unchanged Th/U indicates closed-system
behaviour or solid-state recrystallisation. Independent argu-
ments need to be found to distinguish these mechanisms.

REE measured with a ‘standard’, non-dedicated, ion-
microprobe yielded fairly uniform strongly enriched (norm.
to chondritic abundances) and steep LREE patterns, with
pronounced positive Ce- and negative Eu-anomalies and an
almost flat HREE pattern for most magmatic and metamor-
phic growth zones. Some types of zircon differ clearly:
recrystallised areas characterised by lack of zoning, high
CL-brightness and high Hf/Y generally have lower overall
abundances coupled with much steeper HREE patterns;
metamorphic zircon intergrown with xenotime on the other
hand is characterised by higher overall abundances (no
competition with xenotime).

We conclude that geochemical characterisation of zircon
with trace elements has the potential to become a useful
interpretative tool and should deliver powerful arguments
for the interpretation of the growth environment of zircon
when the mechanisms controlling trace element behaviour
are better understood.
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The U-Pb systems in zircon and titanite from a high-grade
shear zone in Paleoproterozoic rocks east of the present
Caledonian front in central Sweden display a strong
Paleozoic disturbance. The shear zone is composed of
mixture of lithologies that were deformed and juxtaposed
during a Paleoproterozoic deformational and metamorphic
event. Brown titanite that formed or recrystallized during
ductile shearing yield a concordant U-Pb TIMS age of
1799+7 Ma. However, titanite with pale rims yield discor-
dant ages with Paleozoic lower intercepts, and uranium-
rich zircons from this zone show an amost complete
resetting of the U-Pb system (>70% discordant) in
Paleozoic time.

Uranium-rich zircons occur as large brown cloudy prisms
and as small milky-white irregularly shaped grains. Also
present are clear prismatic zircon of lower uranium content,
which yield mildly discordant to concordant U-Pb ages. U-
Pb SIMS analysis of 40 zircons range continuously from
concordant at 1852+8 Mato 98% discordant at 38415 Ma.
Regression through all zircons yields an upper intercept at
1871+11 Ma The slight discrepancy between this intercept
and the age of concordant zircons is attributed to the poly-
lithological nature of the deformation zone. Raman laser
spectroscopy reveals that dark cathodoluminescent areasin
brown zircons have a highly metamict lattice. In contrast,
the dark cathodoluminescent milky-white grains with equal
or higher U+Th contents than the metamict zircons have
significantly higher degree of crystallinity, comparable to
that observed in the bright cathodoluminescent clear
prisms. This suggests that the milky-white zircons are a
younger population than both the other zircon types.

The strongly discordant zircons clearly have suffered
severe disturbance at about the time of the Caledonian
orogeny. However, Caledonian metamorphic temperatures
and pressures in this region did not exceed 150-200°C and
1-3 kbar, too low to strongly disturb the U-Pb systematics
in non-metamict zircon and in titanite by thermal means.
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Independent evidence indicates that saline fluids were
circulating in the Paleoproterozoic basement rocks at this
time, possibly driven by hydrological gradients generated
in front of the encroaching Caledonian orogenic wedge.
These low-temperature saline fluids are inferred to be
responsible for causing strong Pb loss in the mostly
metamict brown zircons via a diffusive process, the forma-
tion of anew generation of small milky-white zircon viaa
low-temperature recrystallization or dissolution/re-precipi-
tation process, and the alteration or reequilibration of the
rims of non-occluded titanite grains.
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Partly retrogressed eclogites of MORB-origin are present
in the Austroalpine Silvretta Nappe as lenses and pods
within amphibolite-facies orthogneisses. The eclogite
assemblage comprises omphacite + garnet + phengite +
kyanite + barroisite + rutile + quarz. PT conditions derived
from garnet, omphacite and phengite geothermobarometry
yielded at 2.8 GPa (500°) according to Schweinehage &
Massonne (1999). Zircons were separated from a quartz-
rich domain containing the typica eclogite assemblage.
The zircons are euhedral in shape and may contain inclu-
sions of quartz, rutile, omphacite and barroisite, indicating
at least partial growth during the HP-event. All analyzed
zircons show complex cathodoluminescence (CL) patterns
including irregularly shaped cores with low CL-intensity,
oscillatory sector zoning and overgrowths with high CL-
intensity. Zircon ages were determined using 2®°Pb/?*U-
ratios with a common-Pb correction according to
Tera-Wasserburg,1972. Three different age groups could be
distinguished that also correlate with distinct ranges in
zircon Th/U-ratios: A low-CL irregular core with a Th/lU
ratio of 0.72 and an age of 507 +11 (10) Mais interpreted
as arelic core. The age is consistent with intrusion ages of
gabbros, tonalites and granites from the Silvretta Nappe
(Schaltegger et a. 1997, Poller 1997) and the adjacent
Otztal Crystalline Basement (OCB) (Miller & Thoni 1995).
Broad sector-zoned zircon areas with Th/U-ratios in the
range 0.35-0.58 yielded aweighted mean age of 437 +7 Ma
(n=11). This age is thought to reflect magmatic growth of
the zircons in the eclogite precursor, reflecting a
Silurian/Ordovician magmatic event within the Eastern
Alpine basement. The youngest event recorded led to the
formation of narrow, irregular rims around zircons with
very low Th/U-ratios in the range 0.01-0.29. The weighted
mean age of these rimsis 351 +22 Mawhich is interpreted
as the age of the HP-metamorphic overprint. Thiswould be
consistent with Sm/Nd-mineral isochron ages of eclogites
from the adjacent OCB that are in the range 370-340 Ma
(Miller & Théni 1995). The U-Pb zircon SHRIMP ages
presented here clearly support the assumption of a wide-
spread Variscian HP-event W of the Tauern Window.

Miller, C & Thoni, M, Chem. Geol, 122, 199 - 225, (1995).

Poller, U, SMPM, 77, 351- 359, (1997).

Schweinehage, R & Massonne, H-J, Memorie Sci. Geol.
Padova, 51/1, 191 - 203, (1999).

Schaltegger, U, SMPM, 77, 337-350, (1997).

Tera, F & Wasserburg, GJ, Earth Planet. ci. Lett, 14, 281-
304, (1972).
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Mafic/ultramafic rocks in the Alps often occur as remnants
of Mesozoic oceanic crust metamorphosed during Alpine
subduction to HP/UHP conditions. The age of both forma-
tion and metamorphism of the main Alpine ocean basin, the
Piemont-Ligurian ocean, is well constrained at ca. 164 Ma
and ca 44 Ma, respectively (e.g. Rubatto et al., 1998;
Desmurs et al., 1999). However, it is likely that the
Mesozoic mafic/ultramafic rocks in the Alps formed in
more than one ocean and were subsequently subducted at
different times. We dated amphibolitized eclogites from the
Antrona ophiolites (‘passo del Mottone') applying the U-
Pb SHRIMP technique on zircon domains. The zircons
dated are usualy prismatic and ca. 60 pm long. In cathodo-
luminescence (CL) they show poorly preserved, dark
magmatic cores surrounded by broad metamorphic rims.
lonprobe dating of the metamorphic rims yielded a
weighted mean age of 38.5 +0.9 Ma (error at 95% c.l.) for
the time of HP metamorphism. SHRIMP|1-dating (at ANU,
Canberra) of the magmatic cores was complicated by the
fact that they are small and show no distinct characteristic
CL-patterns. In an attempt to get a protolith age, we
obtained scattering ‘ages’ clustering around 133 Ma. Based
on the model involving northwestwards-propagating
subduction episodes of continental and oceanic crust (see
Gebauer, 1999 for areview), the 38.5 Maold HP metamor-
phic event recorded by the Antrona eclogites would fit in
time to subduction of Valais oceanic crust. This Valais
subduction zone would then be located between the
Brianconnais microcontinent and the 35 Ma old subducted
European margin (e.g. Adula-Cima Lunga and probably
also Monte Rosa). According to the same model, the
Brianconnais should, and also does, record metamorphic
ages between 38.5 Ma (age of HP metamorphism of the
Antrona ophiolites) and 44 Ma (HP/UHP metamorphic age
of the more internal, SE-lying Piemont-Ligurian ocean).
This scenario agrees well with recent SHRIMP-data for
inherited zircons of the S-type granite of Novate (Liati et
al., in press). These SHRIMP-data point to at least two
episodes of continental rifting, at ca 142 Ma and ca
133 Ma, related to the break-off of the Briangonnais micro-
continent from the European margin and subsequent
opening of the Valais ocean. It seems to be aso in agree-
ment with our preliminary SHRIMP-data for the Antrona
eclogites, which yield a protolith age cluster around
133 Ma

Desmurs L, Schategger U, Manatscha G & Bernoulli D,
J.Conf. Abs,, 4, 376, (1999).

Gebauer D, SVPM, 79, 191-208, (1999).

Liati A, Gebauer