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Abstracts

4nd CV3 matrixes and conclude instead 1I:|a| these minerals formed by fluid-
-ock interaction during asteroidal alteration. 2.

Salite-hedenbergite-andradite-wollastonite-Kirschsteinite assemblages
are abundant in Allende Dls, which HpfIcar to have experienced "ﬂTfﬂUEdd“'
grees of aqueous/hydrothermal alteration and su hsuqu'-'rﬂﬁ dehydralion llli"'
ing thermal metamorphism [6-8]. These assemblages form concentrically
zoned, irregularly shaped inclusions and veins in matrixes of the Dls anlui
complex rims around them. F}-rglcn?-andrad_llf‘ inclusions Elﬂuﬂﬂ_pm in
diameter) are texturally and composition aiiy_s[mllar to those in matrmes_ﬂf
the oxidized CV3s, suggesling a common ongin. Both occurrences consist
of pyroxene layers and andradite cores; Nll-rlr:TE metal ili'tﬂll s_.ulﬁclr:s are mi-
nor. Pyroxenes are porous and highly variable in composition (Fs,,Woso-
Fs4W0so) 0N a submicrometer scale. The outer pyroxene la yers are more
magnesian than the inner layers, and andradite is pure CF;F:::SI:I;G,:. }E-ra.lif
imaging of the Dls and oxidized CV 3s reveals thal t_hﬂr Malrixes are uni-
formly enriched in Ca, which is mainly concentrated in pyroxene-a “d_ rad_llr:
nclusions, whereas chondrules and chondrule pseudomorphs are signifi-
cantly depleted in Ca. This suggests that Ca was last frm_‘n the Fhﬂnfjmlcs
during alteration and precipitated in pyroxene-andradite inclusions in ma-
wrixes of the DIs and oxidized CV3s. Supporting evidence comes from the
reduced CV 3s, where matrixes lack pyroxene-andradite inclusions and chon-
drules are unaltered and contain anorthitic mesostases.

Pyroxene-andradite veins (up Lo 3 mm long) in DIs have similar miner-
alogy. zoning (from periphery 1o center: salite — ferrosalite — andradite),
and compositions of pyroxenes and andradite to those in matrix inclusions,
suggesling a common origin. Veins are commonly observed near edges of
the DIs where they connect with the pyroxene-andradite nms. Veins replace
fayalitic rims around isolated forsterite grains, indicating vein formation
after formation of the fayalitic rims. Rare pyroxene-andradite veins occurin
the Allende host as well.

The best-developed pyroxene-andradite rims (~100 pm wide) occur
around heavily altered DIs. i.e., with chondrules that are completely replaced
by fayalitic olivine. The rim layers from inside to outside include salite —
hedenbergite — andradite + wollastonite + kirschsteinite — ferrosalite. Wol-
lastonite and salite-ferrosalite pyroxenes may form needles and prismatic
crystals. The outer portions (~0.5-1 mm) of the rimmed Dls are signifi-
cantly depleted in Ca, suggesting that Ca was leached from the Dls and pre-

cipitated in veins and rims at the boundaries with the host Allende. The
Allende matrix around the Dls contains intrusions of rim material and is
also depleted in Ca, indicating that the rims were partly or entirely formed
in situ,. The coexistence of andradite, wollastonite, and Kirschsteinite in the
rims constrains the lower limit of the O fugacity during rim formation
ilﬂa]FcI{SiD.h - 1{235103 + 4CaFeSi0, + 0,], which is several orders of
magnitude higher (between 300 and 800 K) than the solar nebular gas.

We conclude that these Ca-Fe-Mg silicate assemblages in Allende Dls,
Allende host, and other oxidized CV3s formed by fluid-assisted metamor-
phism in an asteroidal environment. The reduced CV 3s largely escaped this
alteration. We infer that (1) the evidence for a highly oxidized solar nebula
is weak, (2) matrixes in oxidized CV3s are not primitive, and (3) absolute
dating of secondary phases in CAls dates asteroidal alteration,
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System (1. Kerridge and M. Matthews, eds.), pp. 746-807. Univ. of Ari-
zona, Tucson. [3) Ikeda Y. and Kimura M. (1995) Proc. NIPR Symp.
Antarci. Meleorites, 8, 819-831. [4] Kojima T. and Tomeoka K. (1994)
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DETERMINATION OF POROSITY OF METEORITES—COMPAR-
1 lﬁﬂﬂ _!Z}F’I'\'Jﬂ METHODS. K. Kuoppamaki', L. Kivekas?, . Timonen!,
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1o rapidly classify meteorites into main classes and groups [2]. In this method
porosily causes scatter in the bivariate diagrams of the physical properties
and thus reduces the application of the method. In distinguishing the pri-
mary and secondary consolidation states of the meteorite parent bodies, the
nature of porosity of meteorites is of vital importance [3]. On the other hand,
the construction of geophysical (e.g., gravily, seismic) models of impact cra-
ters requires knowledge of the porosity of the rocks [4.5]. Porosity is rela-
tively easy to measure by the classical water immersion technique [6], which
is based on the mass difference between water-saturated and dried samples.
However, many museums do not allow waler (o be used in measuring mete-
orite samples, and for this reason we have developed a new He-pycnometer
device to measure accurately the porosity of meteorites without changing
their physical or chemical characteristics. In this paper we present a com-
parison of He-pycnometer porosity data with those obtained by the water
immersion technique for 20 meteorite samples.

The He-pycnometer device consists of two chambers, the reference cham-
ber (volume Vr) and the sample chamber (volume Vs). and a number of
pressure (P) and temperature (T) gauges. First, the pressure and tempera-
ture of the reference chamber filled with He (Pr, Tr) are measured, after
which the He is allowed 10 expand to the sample chamber, and the resulting
Ps and Ts are recorded and time-monitored to obtain stationary readings.
Knowing the geometric volume of the sample and the residual pressure of
the chambers before they are filled with He, the porosity (£) of the sample
can be calculated using ideal gas equations [7]. The system i1s calibrated
with standard Al disks. The advantages of this method are that measure-
ments are relatively fast, and the often rare and fragile meteorite samples are
not disturbed (weathered) by waler.

In order to check the reliability of the instrument we compared He-pyc-
nomeler porosities with those obtained by the classical water immersion tech-
nique [6,7]. In this comparison we have used various geological rock samples
(in addition to meteorites) with variable porosity, mass, and shape. The water
immersion measurements were carried out in the GSF laboratory by soaking
the samples in tap water for 2-5 days and then drying the samples in an oven
(=105°C) for a few days. The pore volume is calculated from the mass dif-
ference between water-saturated and dried samples, and the sample volume
is determined by weighing the surface-dried wet sample in air and water
{Archimedes® principle).

Comparison of the two datasets reveals that there is an overall agree-
ment with porosity over a wide range of values from 0.5% 1o 30%. How-
ever, the porosity values do not plot exactly on the 1: | relation line: The He
porosities appear systematically lower than those obtained with the water-
soaking technique. We will discuss the new porosity data and their error
sources and present some applications of the data for meteorite research.

References: [1] Schmittetal. (1994) LPS XXV, 12091210, [2] Peso-
nen L. J. (1994) Proc. NIPR, 6. 401-416. [3] Yomogida K. and Matsui T.
(1983)JGR, 88,9513-9533. [4] Kukkonen L. et al. (1992) Tectonophysics,
216, 111-122. [5] Plado 1. et al. (1996) Meteoritics, 31, 289-298.
[6] Kivekds L. (1993) GSF Spec. Paper 18, 119-127. [7] Kuoppamiki K.
{1996) M.Sc. thesis, in preparation, Univ. of Jyviskyla, Finland.

A CHONDRULE MICROMETEORITE FROM ANTARCTICA
WITH VAPOR-FRACTIONATED TRACE-ELEMENT ABUNDAN-
CES. G. Kurat!, P. Hoppe?, and C. Engrand', 'Naturhistorisches Museum,

A-1014 Vienna, Austria, *Physikalisches Institut, Universitit Bern, CH-3012
Bern, Switzerland.

Chondrules are rare among micrometeorites (MMs) but apparently do
contribute to the cosmic spherule (CS) population [e.g.. 1]. This probably is
caused by the relatively large masses of chondrules that prevent atmospheric
entry without fusion. However, a few unmelted MMs do appear to be origi-
nal chondrules. One such object was found in mount 94-4 (#32). This chon-
drule was studied in detail by utilizing optical microscopy. scanning
electron microscopy, electron microprobe, and ion microprobe techniques.

Chondrule 94-4-32 is a ~80% fragment of an originally oval-radiating
olivine chondrule about 120 pm in diameter. Olivine has ~Fa,q, is platy,
and is only a few micrometers thick, but up to about 50 pm long, Between
the plates are variable amounts of Na,Ca Al-rich glass and some open pore
space, a few clinopyroxenes, and submicrometer grains of pentlandite. The
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Fig. 1. Normalized [7] trace-element abundances in chondrule 94-4-32
(as measured by SIMS) compared to those of two RP chondrules from
Allende, Ach-1 and Ach-2 [5].

bulk composition of 94-4-32 is principally chondritic but enriched in CaQ
(3.8 wi%) and depleted in NiO (0.02 wi%), K.O (<0.02 w1%), and 5
(530 = 0.33 wi%) compared to chondrites. However, trace-element abun-
dances (Fig. 1) are distinctly different from those in chondrites. All highly
refractory elements (Zr, Y, Th, Se, Sm, Gd, Th, Dy. Ho, Er, Tm, Yb, and
Lu) have subchondritic abundances (0.007-0,7x CI). whereas the moder-
alely refractory elements (Ti, Nb, La, Ce, Pr, Nd, Eu, Be, Si. and Ba) have
superchondritic abundances (~2-7x CI). The moderately volatile elements
Li and Cr have approximately chondritic abundances, and Co and Ni have
subchondritic abundances.

The depletion of 94-4-32 in siderophile elements and the presence of
pentlandite can be taken as additional indications for that particle being a
chondrule. Fractionated lithophile-clement abundances have been observed
in chondrules from a few chondrites [e.g., 2.3] and are probably due to sam-
pling fractionation. Chondrule 94-4-32, however. has lithophile-element
abundances that clearly reflect vapor fractionation, com parable to that found
intype I CAls [4], and thus gives evidence for the formation of that chon-
drule by condensation from a vapor that was depleted in superrefractory
elements. A condensation origin of some chondrules. like the RP chondrules,
has been shown to be likely because of vapor-fraclionated siderophile-ele-
ment abundances [5]. However, chondrule 94-4-32 15 the first chondrule
found so far that carries an unequivocal signal of condensation in its
lithophile-element abundance. Chondrule 94-4-32 and CSs with similar
trace-clement patterns [ 1] indicate that such matter is apparently more abun-
dant in the interplanctary dust, which bears compositional similarities ro
CMICR chondrites [6], than in chondrites, but what does this imply?
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SHEZIULD WE EXPECT TO FIND MORE PIECES OF THE K/T BOL-
IDE? ; F.T. Kyte, Institute of Geophysics and Planetary Physics, University
of California, Los An geles CA 90095-1567, USA.

tions. These include (1} Can this be a piece of the K/T bolide ejected from

the Chicxulub impact? and (2) Do other K/T meteorites exist that can be
recovered?

The answer to the first question

: _ is clearly yes, based on theoretical, ex-
Penmental, and observational studie

5. Theoretical models of impact cratering

[c.g.. 2] describe waves of rarefaction an the backside of impacting projec-
tiles that can allow spallation of projectile material that does not ex perience
peak shock pressures. Early results from numerical simulation of the
Chicxulub impact [3] indicate that several percent of the projectile may have
survived melting. Experimental studies of low-angle (<30°) impacts [4] show
that large portions of a projectile can ricochet dawn range. greatly enhancing
the potential for survival of unmelted meteorites. Actual examples of mete-
orite survival following hypervelocity impact are rare, Although iron mele-
oriles have been recovered near several small craters, they may have survived
by separation prior to the impact. The onl ¥ well-documented case of metear-
ite survival during hypervelocity impact is in the debris field of the Late
Pliocene impact of the Eltanin asteroid into the 3-km-deep ocean in the sub-
Antarctic Pacific. Recoverable impact debris {mostly impact melt) is en-
tirely meteoritic material because the targel was seawater [5]. Several percent
of this debris is unmelted meteorite fragments, commonly lithic clasts 1-
4 mm in size, as well as unmelted grains and lithics included within the
impact melt. This debris extends across at least 600 km of the ocean floor
[6] and the mass of unmelted meteorites could easil y exceed 1012 g

The answer to the second question is maybe and de pends on whether the
KIT meteorite is, in fact, directly related to the K/T impact. Based on a
single sample. one cannot rule out the unlikely possibility this is just a stray
micromeleorite. The best proof that it is from the impact would be 1o find
another piece at another site, thus providing a more affirmative answer lo
the question. The apparent absence of K/T meleorites, despite 15 years of
detailed research, may reflect a bias in sa mpling methads and poor preserva-
tion at most K/ T localities. The DSDP 576 meteorite was nearly entirely
altered to clays and hydrated Fe-oxides. At most K/T localities where com-
paction and lithification of thick sedimentary sequences is typical, such an
object may be crushed and indistinguishable from Lypical clayey malrix.
Further, sample-processing procedures for microfossil, mineralogical, or
geochemical analyses usually involve sample disaggregation, crushing, or
chemical leaching that would destroy these meteorites. The DSDP 576 me=
teorile was recovered because this thin sedimentary sequence has barely been
compacied since its deposition and the meteorite happened to be at the cut
surface of the core, where it was identified as an anomalous particle within
the surrounding clay-sized sediment.

Clearly the best oppertunities for finding other K/T meteorites would be
in other unconsolidated deep-sea sediments. How many should we expect?
The DSDP 576 meteorite contains only~0.1% of the Ir in that core. [fanly
1% of the K/ T bolide were ejected as similar-sized debris, we might expect
10 pieces in this core. Actually, three cores were 1aken at site 576, three ar
377, and several others exist in the Pacific. The next question is, how do we
getthem?
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STUDY OF IMPACT Ni-RICH MAGNESIOFERRITE SPINELS
UNDER TEM. F.Langenhorst and P. Claeys. Institut fir Mineralogie.
Muscum fiir Naturkunde, Invalidenstrasse 43, D-10115 Berlin. Germany.

Millimeter-sized spherules, now altered to clay minerals, are reported in
many Cretaceous-Tertiary (K/T) boundary sites [1.2]. Two types of
spherules can be distinguished based on their morphology, the presence of
high-temperature phases, their geographic distribution, and their stratizraphic
position within the K/T layer [3,4]. Rounded {but also elongated or tear-
drop-shaped) spherules, some with a preserved glass core reflecting target
rock composition [5=7], are found only at proximal sites at the base of the
K/T layer. The second type. similar o microkrystites, is found worldwide,
associated with Ir in the uppermost part of the K/T layer. These spherules
are always spherical and typically contain a high-temperature phase in the
form of Ni-rich magnesioferrite spinels [8—10]. This study deals only with
this second type of spherule, in particular the magnesioferrite phase. Similar
magnesioferrile-bearing spherules are found in meteorite f; usion crust, cos-
mic spherules [10], sediments from the Eocene-Oligocene boundary in
Massignano (Italy), and Late Pliocene sediments containing debris from a




