isonetal. (1987) GCA, 51, 1875-1882. [3] Fredriksson et al. (1989) Zest.

Natur.. 44a, 945-962. [4] Christoffersen R. and Buseck P. P. (1983) Sci-
ence, 223, 56-58. [5] Bradley et al. (1984) Science, 223, 1327-13129,
[6] Sugiura et al. (1984) Proc. LPSC [4ih, in JGR, 91, B641-B644.
[7) Mostefaoni S. and Perron C. (1994) LPS XXV, 945-946,

COARSE-GRAINED RIMS ON MAGNESIUM-RICH AND MAG-
NESIUM-POOR CHONDRULES IN ORDINARY CHONDRITES.
A.N.Krotand J. T. Wasson, Institute of Geophysics and Planetary Physics,
University of California, Los Angeles CA 90024, USA.

Chondrules with igneous rims and enveloping compound chondrules [1]
inordinary chondriles (OC) preserve the record of solids that were present
atdifferent times or in different regions of the solar nebula during chondrule
formation. These objecis demonstrate that OC chendrules experienced mul-
tiple episodes of chondrule formation. This conclusion 15 consisient with

the presence of relict grains in chondrules [2,3] that were probably pro-

gcd by disaggregation of chondrules of a previous generation, (2) small

range in OC chondrule O isotlope compasition [4] (which may have resulted
from homogenization during several chondrule melting episodes), and
(3) interelement correlations in bulk chondrule data that can be interpreted
a5 the random sampling of a previous generation of chondrules [5].

Rims around chondrules can be divided inlo two major calegories: fine-
grained rims (FGR). typically opague and Fe rich [6,7]. and relatively coarse-
grained rims (CGR) [8]. FGR are similar in mineralogy, chemistry, and grain
size Lo matrix material and consist of micrometer- to submicrometer-sized
grains or amorphous material. It is widely accepted that the FGR accreted
around chondrules in the solar nebula and were not subsequently heated
before aggregation into a parent body [7]. CGR are coarser than maltrix
material and surround = 10% of the chondrules in OC [8]. Rubin [8] found
that CGR in OC consist mainly of olivine and suggesied that these rims
formed by sintering of opaque matrix material by heating 10 subsolidus or
subliquidus temperatures during chondrule formation.

Thirteen CGR on Mg-rich chondrules (type I, Fa/Fs < 10 mol%) and
nine rims on Mg-poor chondrules (type I1, Fa/Fs > 10 mol %) were studied
petrographically, by electron microprobe analysis, and scanning electron mi-
croscopy. Many of the CGR on type I chondrules show evidence of signifi-
cant and, in many cases, complele melting including (1) resorbed chondrule

surfaces along the boundaries with CGR, (2) presence of rounded metal/
roilite nodules and feldspathic mesostasis, (3) euhedral and subhedral mor-

'tngy of olivine and pyroxene. and small variations in their grain sizes,
“ud (4) absence of relict grains. These rims can be classified as ignecous
rims. Although the majority of type 1 host chondrules studied have olivine
as a major phase, pyroxene is a predominant phase in many of their igncous
rims. Olivine and pyroxene in the rims (Fa,_g, Fs; ¢) are compositionally
similar to those of the host chondrules (Fay 5 ;. Fs,_;). CGR on type | chon-
drules are typically surrounded by accretionary FGR; the boundary between
these rims is abrupt. Type 11 host chondrules and their CGR have similar
modal mineralogy and mineral chemistry (Fa;p 34 F5 1030, and Fa g0, F5 101
{uptc'.i\rr.lyj- Although these rims also show evidence of significant heat-
ing. in mosi cases these rims were not complelely melied; many contain
unmelted Mg-rich relict grains or chondrule fragments (Fag g, F5,_).

Similar Fa and Fs contents in mafic minerals of OC igneous rims and
their type | chondrule hosis indicale that many OC chondrules experienced
multiple healing events during a time short compared to the lime necessary
for appreciable evolution in the mean Fa or Fs of the nebular solids, and
were then withdrawn from the chondrule-forming region. Type 11 chondrules
and their CGR formed from more oxidized material mixed with fragments
of type | chondrules and were heated to lower lemperatures than type I chon-
drules and their CGR. Type | and type 1l chondrules may have formed in
different OC nebular subregions or at different times and were mixed to-
gether before or during agglomeration to form chondriles.
References: (1] Wasson el al. (1994) GCA, submitted, (2] Rambaldi
E. R. (1981) Nature, 293, 558-561. [3] Nagahara H. (1981) Narure, 292,
135-136. (4] Clayton et al. (1991) GCA, 55, 2317-2339. [5] Alexander
C. M. O°D. (1994) LPS XXV, 7-8. [6] Scou et al. (1984) GCA, 48,

! _!?:‘!_“"‘.757-17] Alexander etal. (1987) Mereoritics, 22, 316-317. [8] Rubin
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“Ar-**Ar AGES OF DIFFERENT LITHOLOGIES FRO

I M THE
UNIQUE EUCRITE PADVARNINKAL J. Kunz!. M. Tri:I‘::-ft" M
Bukovanska?, and E. K. Jessberger!, '"Max-Planck-Institut fiir [{tmphvsik-

69029 Heidelberg, Germany. 2National Museum, 11579 Prague, Czech
Republic. r

Pa%varninkjﬂ.i was recently described as a polymict eucrite containing
three different lithologies: Pad-1. fine- to coarse-grained cueritic clasts; Pad.
2.3 finc-grained lithology with quenched texture; and Pad-3, a partly glassy
matrix between eucritic clasts [1]. In addition to Pb-Pb studies on Seeons
from 1.ilhﬂl-ngly F'ad-]_—crystalﬁmt'mn age 4.55 b.y. [1]—we analyzed all
lhlcv:_ lithologies by high-resolution stepwise heating “Ar-Ar dating 1o de-
termine the postcrystallization thermal history of the meteorite.

Pad-1 yields a well-defined plateau age of 3.80 b.y. for the high-tem-
peralure fractions (1180%=1 SEDEC} cﬂmprising 65% of WAr released. This
age marks the time when the rock was totally degassed by, mos likely, im-
pact-induced reheating. In the first 35% of the spectrum the apparent ages
are lower indicating partial loss of *°Ar,_ .. However, the very first fractions
(450°~750°C) point toward the presence of*0Ar,, since the apparent ages
of 2,3-3.3 b.y. clearly exceed the value for the youngest fraction, 0.6 b.y. at
950°C. The lowest value provides an upper limit to the last time when the
rock was subjected to thermal strain responsible for partial degassing. Two
explanations are possible for the occurrence of ““Ar,,_in low-température
fractions: (1) Shock causes redistribution of “?Ar,_, as demonstrated by analy-
ses of experimentally shocked rocks [2,3]. Another hint toward shock meta-
morphism comes from the K/Ca spectrum: While unshocked eucrites usually
yield nearly constant K/Ca ratios in the first ~70% of **Ar released from
degassing homogeneous plagioclase [4], Pad-1 has monotonously decreas-
ing K/Ca ratios for the first 30% *¥Ar released, very similar to experimentally
shocked gabbro [2]. (2) There is evidence for atmospheric contamination of
the low-lemperature fractions from an isochron with**Ar/ A ~ 2055 (air).
With this correction the apparent ages shiflt down close 1o 0.6 b.y.

Pad-3 yiclds a very similar degassing patiern. apparent age. and K/Ca
spectra to Pad-1, but no well-defined high-temperature plateau. The appar-
ent ages for the 1180°-1530°C fractions, which again contain ~65% *Ar,
increase monolonously from 3.44 to 3.71 b.y. Thus, the glassy matrix of
Pad-3 was most likely formed 0.6 Ga by melting of Pad- 1-like rock where
also the unmolten eucritic lithology Pad-1 was affected. Subsequently both
lithologies cooled rapidly as their K-Ar systems are rather weakly disturbed.

Pad-2 is less retentive than the two others: At 1000°C already 65% of
¥WAr is released compared to 19% and 14% for Pad-1 and Pad-3 respec-
tively. After correction for a trapped component the first 65% of the age
spectrum has a plateau at 1.71 b.y. The isochron for the fractions with trapped
At yields a slope with the same age. For the last 35% of the spectrum the
ages increase up 1o ~3 b.y. Pad-2 conlains maskelynile of bytownilic com-
position reflecting severe shock and a quenched texture indicating rapid
cooling to subsolidus temperatures. The plateau age most likely dates these
events. As even severe shock itself cannot completely reset the K-Ar system
[3] we conclude that the subsolidus cooling was slow enough o cause major
*Ar.,g loss. After 1.71 b.y. the K-Ar system remained completely closed.
Therefore, it is impossible that lithology Pad-2 was in thermal contact with
Pad-1 and Pad-3 since these lithologies were partially degassed as late as
0.6 Ga. Thus, 0.6 b.y. is an upper limit for the compaction age of the
Padvaminkai eucrite.

References: [1] Bukovanskd M. et al. (1991) Mereoritics, 26, 325.
[2] Tricloff M. et al., this volume. [3) Bogard D. et al. (1987) GCA. 5/,
2035-2044. [4] Kunz ). et al. (1994) Space Planei. Sci., special issue, sub-
mitted. [5] Stephan Th. and Jessberger E. K. (1992) GCA, 56, 1591-1605.

OXYGEN ISOTOPES IN SPINELS FROM ANTARCTIC MICRO-
METEORITES. G. Kurat!, P. Hoppe?, J. Walter!, C. Engrand?, and M.
Maurette?, 'Maturhistorisches Muscum, Postfach 417, A-1014 Vienna,
Austria, *Physikalisches Institut, Universitit Bem, Sidlerstrasse 5, CH-3012
Bern, Switzerland, *Centre de Spectromeirie Nucleaire et de Spectrometrie
de Masse, Batiment 104, F-91405 Orsay-Campus. France.

Spinel-rich inclusions were found in a large unmelted micrometeorite
(MM) from Antarctica [1]. This particle (MM92/15-23) consists of a fine-
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gr?incd matrix of dehydrated former phyllosilicates that enclose a few small GEOCHEMISTRY AND

olivines, one large chromite, and several spinel-rich inclusions. The latter  IRON: A METEDRIITEI:{ET

form clongated to rounded bodies up to 35 ym in length and consistof a  Sperl?, B, Spettel. and M. Bukovanskd*, 'Naturhistor

spinel :Un: :n-.rt!ufF'Ed by a Fe-rich silicate phase lh‘.ll probably is a (dehy- 1014 Vienna, Austria, 2Max-Planck.-Inet; I afurhmw}schu i

drated?) phyllosilicate—too small to be analyzed with the electron micra- Germany 3Erifh-5ch|"nid Institut fu-rnqu;::afur L s
- . csikarperphysik, A-8700 Legben

probe. A few very small perovskile grains (<2 pm) are enclosed within the Austria, ‘Nati
. 0 r_n - : t T X
spinel. The chemical composition of the spinel is that of a Mg-Al spinel shional Museun, C2-11821 Praha, Czech Republic.

ALLOGRAPHY OF THE CHLUMEC
G. Kurat! H. Falme? F. Brandstduer!, G

containing minor amounts of Si0; (0.21 wi%), Ti0, (0.09%), Cr,0,4

In conclusion, the most common matter accreting onto the Earth today
and represented by unmelted and partiall ¥ melted micrometeoriles consists
of a matter similar, but not identical, 1o CM carbonaceous chondrites [e.g..
7]. '_l'h: presence of spinel-rich CAls with trace-element contents and O iso-
lopic compositions of group IT inclusions provides an additional support of
that view,

References: [1] Kurat et al. (1994) LPS XXV, 763-764, [2] Martin
P. M. and Mason B. (1974) Nature, 249, 333-334, [3] Zinner E. (1989)
USGS Bull., 1890, 145-162, [4] Clayton R. N. (1993) Annu. Rev. EPS. 2],

115=-149, [5] Clayton R. N, et al. (1986) LPS XVII, 139-140. [6] Stader-
mann F. J. (1991) LPS XXII. 1311-13]12. (7] Kurat et al (1994} GCA, in
press.

The Cr contents of the metal and the troilite indicate fairly reducing con-
ditions, which is contradicied by the presence of Fe-rich silicates [1]. The
fractionation of the refractory siderophile elemenis is similar to but more
extreme than that observed in E chondrites [e.g.. 6] and Kaidun metal [7]
and indicates an oxidized precursor. The high contenis of Sb, As, Mo, and
W could indicate a terrestrial origin. On the other hand, the presence of Ir
and high contents of Pt as well as the only slightly fractionated Ni/Co ratio
seem 1o point loward an extraterrestrial origin. The lack of any cosmogenic
nuclides in Chlumec [8] indicates either perfect shielding (in a large body)
an old terresirial age, or a terrestrial origin. Continuing studies should help

solve the puzzle of Chlumec.

References; [1] Bukovanskd M. et al., this volume, [2] Nehru C. E.
etal. (1982) Proc. LPSC 13rh,in JGR, 87, A365-A373. [3] Palme H. et al.
(1981} in Landoldi-Boernstein (K. Scheilers and H. H. Yoigl, eds.), 2,
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