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Introduction:  The U-Pb ages of zircon in basaltic
eucrites suggest that they recorded the initial formation
of the rocks [1-7].  The purpose of this study is to date
the U-Pb ages of eucritic zircon to reveal whether U-
Pb ages reflect thermal resetting through shock
metamorphism which occurred on a eucrite parent
body.  As a first step, we have examined highly
shocked eucrite Padvarninkai, and focused on the U-
Pb isotopic systematics of well-documented eucritic
zircon.

Experimental:  The sample specimen that we
made polished sections was previously used for
mineralogical and chronological studies by [8-10].
Zircons were identified by X-ray mapping with an
electron probe microanalyzer.  The U-Th-Pb isotopic
analysis was carried out using the SHRIMP II ion
microprobe at the Antarctic Meteorite Research Center,
NIPR.  An oxygen primary beam was focused on a
spot with a diameter of ~10µm.  Common lead was
monitored using 204Pb and assumed to be surface
related and of Cañon Diablo Troilite (CDT) lead
isotopic compositions [11].  Standard zircons were
used for U/Pb normalization (SL13 [12]) and for age
reference (FC1 [13]).

Results and discussion:  Padvarninkai is one of
the most highly shocked eucrites.  Our specimen
consisted of two major lithologies: an unbrecciated,
subophitic host and black, suevitic, impact melt veins.
The subophitic portion is composed of pyroxene and
plagioclase (maskelynite) with minor phases such as
silica minerals, ilmenite, chromite, Ca-phosphates, K-
rich feldspar, and zircon.  Pyroxene is a pigeonite with
fine exsolution lamellae of augite with slight remnant
Ca-zoning from core to rim, indicating that the
subophitic portions were metamorphosed (i.e., type 4
[14]).  Plagioclase is mostly converted into
maskelynite, but preserves a normal igneous zoning.
Maskelynite grains in contact with impact melt veins
are slightly recrystallized due to heat from the impact
melt.  Impact melt veins are composed of various
fragments from basaltic host such as pyroxene, glass
phases of plagioclase and silica minerals, set in a
glassy to very fine-grained melt matrix.  Plagioclase
glass in some cases is deformed and elongated,
suggesting that they are normal glass.  Some pyroxene
fragments have augite lamellae that were partly
vesiculated.  We found different types of zircons in
Padvarninkai.  An isolated zircon grain (PD3-1) of
~20µm in size occurs in impact melt.  The other
zircons are usually associated with ilmenite.  

Shock event(s) that produced impact melt veins
and maskelynite clearly postdated the early
metamorphic event, thus we focus on the shock
event(s) that could have partly disturbed Sm-Nd, Rb-
Sr, and K-Ar isotopic systems.  The presence of
maskelynite in the subophitic lithology indicates that
the peak equilibrium shock pressure was about 25-30
GPa with the post-shock temperature of several
hundreds degree Celsius.  However, local portions of
Padvarninkai were heated more severely by
disequilibrium shock effects that produced impact melt
veins.  In situ vesiculation of augite lamellae in
pigeonite indicates that the temperature was locally
exceeded the melting of this phase of ~1400-1500oC.
Post-shock cooling rate could be very rapid because
the recrystallization of maskelynite is limited near the
impact melt veins. 

The concordia plots for two analyses of isolated
zircon (PD3-1) in impact melt are concordant within
1σ uncertainties of the measurements.  The mean of
the two analyses yields a 207Pb-206Pb age of 4548 ± 10
Ma (2σ), consisting with the previous results [1].  The
Sm-Nd, Rb-Sr, and K-Ar isotopic systems of
Padvarninkai were disturbed by impact events after
initial crystallization [9, 10, 15].  This indicates that
the U-Pb system of grain PD3-1 was not affected
during shock metamorphism which produced impact
melt veins even though the temperature was exceeded
up to ~1500oC.  This is consistent with the petrological
observation that the impact melt cooled rapidly.  Data
points of six small zircons in the subophitic host are
plotted above the concordia, suggesting an excess
radiogenic lead component, most probably derived
from grain boundaries.  These features are also
observed in previous studies [4, 6, 7].  Zircons, PD3-3a,
-3b, and -3c, in a fractured ilmenite grain (Fig. 1) give
quite discordant U/Pb ratios to a much higher degree
than any other eucritic zircons. (Fig. 2).  When plotted
on a modified Tera-Wasserburg concordia diagram,
radiogenic 207Pb/206Pb ratios of Padvarninkai zircons
we analyzed are ~0.6 and almost constant.  This
suggests recent lead loss from zircons in fractured
ilmenite.

Zircon 207Pb-206Pb ages are resident to all events
except igneous crystallization, but zircon U-Pb ages
could be affected by shock metamorphism.  Lead loss
from zircon seems to be related to the size of crystals,
to their uranium concentrations, and to the radiation
damage in the crystals.  Smaller grains and those
having high uranium concentrations may suffer greater
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lead loss than larger grains or those contain less
uranium.  Grain sizes of zircon (5-25µm) in
Padvarninkai are not so much different among
concordant and discordant zircons. Uranium contents
in zircon only vary from 30 to 70 ppm in Padvarninkai.
Thus, radiogenic lead loss from zircon seems to be
related to grain fracturing.  Although small degrees
(<2%) of relative U/Pb fractionation in experimentally
shocked zircons up to 59 GPa were reported [16],
there was no correlation between shock intensities and
degrees of discordancy.  Because zircon grains PD3-3a,
-3b, and -3c from Padvarninkai lost 10-40% of
radiogenic lead, further U-Pb studies of zircons in
fractured ilmenite are required to confirm a history of
episodic lead loss.

REFERENCES:  [1] Bukovanská M. et al. (1991)
Meteoritics 26, 325.  [2] Ireland T.R. et al. (1992)
LPSC XXIII, 569.  [3] Ireland T.R. & Bukovanská M.
(1992) Meteoritics 27, 237.  [4] Bukovanská M. &
Ireland T.R. (1993) Meteoritics 28, 333.  [5]
Bukovanská M. et al. (1996) Meteoritics 31, A24.  [6]
Misawa K. & Yamaguchi A. LPSC 32, #1676.  [7]
Misawa K. & Yamaguchi A. (2001) Antarctic
Meteorites XXVI, 83.  [8] Yamaguchi A. et al. (1993)
Meteoritics 28, 462.  [9] Nyquist L.E. & Bogard D.D.
(1996) LPI Technical Report 96-02, 18.  [10] Nyquist
L.E. et al. (1996) MAPS 31, A101.  [11] Tatsumoto M.
et al. (1973) Science 180, 1279.  [12] Compston W.
(1999) Mineral. Mag. 63, 297.  [13] Paces J.B. &
Miller J.M. (1993) JGR 98, 13997.  [14] Takeda H. &
Graham A.L. (1991) Meteoritics 26, 129.  [15] Kunz J.
et al. (1994) Meteoritics 29, 487.  [16] Deutsch A. &
Schärer U. (1990) GCA 54, 3427.

Acknowledgements:  We thank H. Takeda for
providing samples and discussion, and L.E. Nyquist
for discussion.

Fig. 1.
Backscattered electron image of highly shocked euctite
Padvarninkai.  Zircons, PD3-3a, -3b, and -3c, occur in
a fractured ilmenite grain.  plg: maskelynite, ilm:
ilmenite, pyx: pyroxene.  Scale bar is 20µm.

Fig. 2.
Concordia plot of U-Pb data for Padvarninkai zircons.
Data points PD3-3a, -3b, and -3c show a large degree
of discordance, suggesting radiogenic lead loss.  The
mean of the two analyses of the isolated zircon (PD3-
1) yields a 207Pb-206Pb age of 4548 ± 10 Ma (2σ),
assuming initial isotopic compositions of CDT lead
[11].
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