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TABLE 1. Selected preliminary INAA data.

Na,0 FeO Sc Cr Co La Sm Eu Hf
% % ppm ppm ppm ppm ppm ppm ppm

77135
3gm 071 8.8 157 1325 37.7 32.6 149 2.04 11.8
Av.A-G  0.70 9.2 16.2 1312 51.0 33.3 153 2.07 122
A 22mg 0.64 140 15.6 1343 2435 31.0 143 197 11.7
B 58mg 071 82 163 1283 11.4 355 16.4 2.09 13.0
C 50mg 065 9.2 163 1302 14.2 325 15.0 206 11.8
D 32mg 0.67 85 16.7 1388 13.1 32.7 15.0 1.89 12.3
E 35mg 068 86 17.1 1411 10.8 33.8 155 2.04 125
F 55mg 078 7.6 155 1242 9.8 327 151 222 11.7
G 45mg 075 86 159 1216 54.1 350 16.1 220 12.3

76015
3gm 067 84 16.0 1295 17.7 32.2 14.8 200 11.9
Av.A-E 0.69 8.5 16.6 1311 27.0 30.6 142 197 11.4
A 23mg 069 99 17.1 1360 91.8 30.0 139 1.94 10.7
B 27mg 0.68 8.7 17.3 1355 11.0 31.5 147 199 11.5
C 39mg 071 8.1 164 1272 103 31.6 148 1.97 119

1295 11.8 31.1 144 192 113
1271 10.0 28.8 13.2 2.02 11.6

D 5.7 mg
E 43 mg

0.67 8.3 16.5
0.68 7.6 157

the corresponding 3-g analysis is 10.5%, and most are less than 6% (Co
and Fe show greater variation reflecting metal variation). The unweighted
averages for the 30 mg for 77135 and the 20 mg 76015 are very little
different from the 3-g sample analysis for these elements. Thus these
melts were homogenized on a very fine scale, even though there are small
but significant differences among the samples at the 3-g scale (larger
than among the chiplets from a single rock, as determined here). This
gives us great confidence that analyses of particles of impact melt rocks
from regolith [e.g., 4] can reliably characterize larger melt volumes.

References: [1] Spudis P. D. (1993) The Geology of Multi-ring
Basins, Cambridge. [2] Ryder G. and Stockstill K. (1995) LPS XXVI,
1209. [3] Ryder G. et al. (1998) LPS XXIX. [4] Jolliff B. L. et al. (1996)
Meteoritics & Planet. Sci., 31, 116.

ISOTOPIC AND TRACE-ELEMENT ABUNDANCES IN MUR-
CHISON HIBONITES. S. Sahijpall, A. M. Davis?, and J. N. Goswami!,
IPhysical Research Laboratory, Ahmedabad 380 009, India, 2Enrico Fermi
Institute, University of Chicago, Chicago IL 60637, USA.

Two platy hibonite crystals and hibonites from two spinel-hibonite
inclusions (an irregular chip and a spherule) from the Murchison meteor-
ite were analyzed for their Ti- and Ca-isotopic compositions and trace-
element abundance patterns. All the samples were hand-picked from an
HF-HCI resistant residue of a large piece of the Murchison meteorite.
The measurements were carried out by a Cameca ims-4f ion microprobe
using standard procedures [1].

Both of the platy hibonites, B3 and B5, have group III REE patterns
with negative Eu and Yb anomalies and a smooth rollover in the abun-
dances of HREE (Fig. 1). These features are typical of platy Murchison
hibonites [1,2]. Excess 3%Ti is present in both hibonites (85Ti = 20.9 +
2.7%o [B3]; 12.3 = 5.6%o0 [BS]), and both are devoid of radiogenic 26Mg
excess (initial 26A1/27A1 < 3 x 10-6 [B3] and < 8 x 10-7 [B5]). BS5 is also
devoid of radiogenic excess in 41K (initial 41Ca/4°Ca < 2 x 10-9[3]).

Hibonite in the spinel-hibonite inclusion A4 shows an ultrarefractory
REE pattern superimposed on fractionated HREE (Fig. 1). The refractory
trace elements Sc, Zr, and Hf are also enriched by factors of >500 com-
pared to CI abundances. This hibonite shows a large enrichment in the
neutron-rich isotopes 48Ca (§48Ca = 51.0 + 5.8%o) and 5°Ti (850Ti = 65.3 =
8.0%0); no detectable excess in radiogenic 26Mg and *!K was found in it
(initial 26A1/27A1 < 1 x 10-6 and initial 4!Ca/40Ca < 6 x 10-9 [3]). Hibonite
in the spinel-hibonite spherule, A3, has a group II REE pattern superim-
posed over a smooth fractionated hibonite REE pattern (Fig. 1). How
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Fig. 1. Refractory trace elements and REE abundances in Murchison
hibonites.

ever, it does not exhibit the strong depletion in Eu and Yb often seen in
CM hibonites with a group II pattern. This hibonite has a detectable ex-
cess in OTi (8%0Ti = 12.3 * 6.6%o) and is characterized by a radiogenic
26Mg excess with initial 26Al/27Al close to the canonical value of 5 x 10-5.
The very low Ca/K ratio in this hibonite (~8 x 10%) makes it difficult to
identify the possible presence of radiogenic 41K excess in it.

The isotopic and trace-element data for Murchison hibonites we ob-
tained are in general agreement with earlier data on CM hibonites [1,2,4,5]
and allow us to draw some general conclusions about the genesis of these
hibonites. An ultrarefractory trace-element pattern has been reported ear-
lier for hibonite in a corundum-hibonite inclusion (GR-1) from Murchison
[5] and for a “bulk” sample of a hibonite-bearing Murchison inclusion
MH-115 [6]. These hibonites perhaps represent some of the earliest solar
system condensates. They are devoid of radiogenic isotopic anomalies
(no 26Mg and *IK excesses), even though they may have a stable isotopic
anomaly, particularly an enrichment in the neutron-rich isotopes, 48Ca
and 50Ti. A similar trend is also seen for most of the hibonites with a
group III REE pattern. In contrast, many hibonites with a group II REE
pattern, which are often superimposed by fractionated HREE, have ex-
cess radiogenic 26Mg and 41K but little or no enrichment in 5°Ti. The
presence/absence of the short-lived nuclides at the time of formation of
the CM hibonites may be explained by postulating either a heterogenous
distribution of 26Al (and 41Ca) over a very small spatial scale in the early
solar system [4,7] or formation of some of the ultrarefractory and refrac-
tory hibonites prior to the time when these short-lived nuclides, injected
from an external source, found their way into the formation zone of the
refractory phases in the nebula.

References: [1] Sahijpal S. et al. (1998) LPS XXIX, Abstract #1396.
[2] Ireland T. R. et al. (1988) GCA, 52, 2841-2854. [3] Sahijpal S. et al.
(1998) Nature, 391, 559-561. [4] Fahey A. J. et al. (1987) GCA, 51,
329-350. [5] Hinton R. W. et al. (1988) GCA, 52, 2573-2598. [6] Boynton
et al. (1980) LPS X1, 103-104. [7] McPherson et al. (1995) Meteoritics,
30, 365-386.

DEBRIS CLOUDS FROM THE EARLIEST PLANETARY IM-
PACTS: EVIDENCE FROM THE IRISH METEORITE BOVEDY
(L3). I.S. Sanders, Department of Geology, Trinity College, Dublin 2,
Ireland.

A role for planetary collisions in the production of chondrules is gradu-
ally becoming accepted, even by those who still favor the melting of pre-
formed dust balls in the nebula [1,2]. Because chondrulelike objects
were definitely produced by impacts on the Moon, albeit in relatively
small numbers, [3] argued that meteoritic chondrules probably resulted
from impacts between young planetesimals. The reason for the abundance
of chondrules in meteorites and their scarcity on the Moon was rather
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vaguely attributed by [3] to a different collision regime in the very young
solar system compared with that on the Moon. What was different? In my
view, the difference was the temperature of the colliding bodies. Plane-
tesimals in the very young solar system were commonly so hot that they
were already internally molten, leaving the kinetic energy of impact only
a minor factor in producing melt.

Evidence for early molten planetesimals is compelling. The oldest
dates obtained from differentiated (i.e., molten) meteorites, based on both
long-lived and short-lived isotopes, are within a few million years of the
start of the solar system. Mutual collisions between planetesimals are
clearly documented by, for example, the mixing of silicate and metal in
mesosiderites and IIE irons. Also, formation of the extremely old meteor-
ite, Shallowater, evidently involved the collision of a molten planetesi-
mal [4].

What was the nature and fate of the impact ejecta from these dramatic
early collisions? Sanders [5] has argued that the resulting ejecta cloud of
molten droplets would be a perfect candidate for the transient, local, vola-
tile-rich, “nebular” environment deemed necessary for the development
of chondrules with their retarded-cooling textures.

The Irish chondrite Bovedy (L3) contains a variety of objects that
help reconstruct an image of an early planetesimal and its post-impact
chondrule-rich debris cloud. Conspicuous multiple (up to five-stage) com-
pound chondrules [6] suggest a close proximity of spray droplets in the
cloud. One porphyritic olivine chondrule measures 1.4 X 1 cm; it may be
a frozen blob of melt that failed to disperse into spray. In addition to its
abundant chondrules, Bovedy contains a variety of interesting objects
that are interpreted as fragments of the cooler solid crust or carapace that
insulated the molten planetesimal interior. These fragments are of dusty
regolith, of earlier generations of now-broken chondrules, and of coarse-
grained peridotite. Chondrule caps attached to some angular rock frag-
ments imply mixing of solid and molten components in the cloud. Such
mixing of droplets and dust provides, incidentally, a ready explanation
for the so-called relict grains in chondrules. Bovedy also contains pieces
of fractionated igneous rock represented by a clast of silica pyroxenite
[71, and also by a piece of igneous plagioclase (now plagioclase glass)
that contains significant excess 26Mg [mentioned by 1]. One amazing
chondrule with immiscibility textures between silica and pyroxenitic
glasses may have been derived from the silica pyroxenite rock by impact
melting [8]. Some chondrules and rock fragments are coated with progres-
sively finer-grained rims, and they bear a remarkable similarity to terres-
trial accretionary lapilli. The coating was presumably added while the
objects were lofted in the debris cloud.

References: [1] Cameron A. G. W. (1995) Meteoritics, 30, 133—
161. [2] Weidenschilling S. J. et al. (1998) Science, 279, 681-684.
[3] Symes S. J. K. (1997) Meteoritics & Planet. Sci., 32, A127.[4] McCoy
T. J. et al. (1995) GCA, 59, 161-175. [5] Sanders I. S. (1996) in Chon-
drules and the Protoplanetary Disk (R. H. Hewins et al., eds.), pp. 327—
334, Cambridge Univ. [6] Sanders 1. S. et al. (1994) Meteoritics, 29,
527-528. [7] Ruzicka A. et al. (1995) Meteoritics, 30, 57-70. [8] Sand-
ers I. S. (1997) LPI Tech. Rpt. 97-02, 55-56.

THE TRAPPING OF NOBLE GASES BY THE IRRADIATION AND
WARMING OF INTERSTELLAR ICE ANALOGS. S. A. Sandford},
M. P. Bernstein!, and T. D. Swindle?, 'Mail Stop 245-6, NASA Ames
Research Center, Moffett Field CA 94035, USA, 2Lunar and Planetary
Laboratory, University of Arizona, Tucson AZ 85721, USA.

Introduction: At the low temperatures typical of interstellar dense
molecular clouds (T = 10-25 K), most molecules will freeze out onto
grains where they will be exposed to ionizing radiation in the form of UV
photons and cosmic rays. The energetic processing.of these ices leads to
the production of more complex and refractory organic residues [1].

We report recent results in our ongoing effort to determine whether
these processes could account for the enigmatic chondritic noble gases
found in meteorites [2]. Samples are made at NASA Ames by simulta-
neously depositing, at about 10 K, a series of layers consisting of a com-
bination of polycyclic aromatic hydrocarbons (PAHs), H,0, CH;0H, CO,

A135

NHj, and the noble gases He, Ne, Ar, Kr, and Xe. After deposition, each
layer is irradiated with UV photons. After the deposition of many layers,
the sample is warmed to room temperature and the resulting organic resi-
dues are sealed in dry N and shipped to the University of Arizona for
noble-gas measurements in a VG5400 mass spectrometer. Originally, the
samples were heated overnight to 130°-150°C prior to measurement.

Using these techniques, we previously reported very promising re-
sults [3], namely concentrations of trapped Kr and Xe that approached
within a factor of about 20 that seen in chondritic meteorites. In this
abstract we report work in which we have used isotopically spiked noble
gases to further constrain the gas-trapping process.

Results: In the latest set of experiments, we have made several
changes to our experimental protocol. First, there was some evidence from
our earlier work that much of the trapped gas might be escaping during
our 130°-150°C heatings prior to measurement. In the latest of experi-
ments, we have limited the preheating to temperatures below 100°C. In
order to better track our sample gases, and to assist with the possible
increased contribution from absorbed contamination that might result
from our lower-temperature prebakes, we replaced our noble-gas samples
with mixtures that contained isotopically normal noble gases spiked with
additional 22Ne, 40Ar, 86Kr, and 136Xe.

Conclusions: The results continue to be extremely promising, al-
though there are currently some discrepancies between the trapped gases
we produce and those seen in meteorites. On the positive side, we are
currently trapping the noble gases Kr and Xe at and above the concentra-
tions seen in meteorites. In addition, the measured Kr and Xe elemental
and isotopic fractionations in our samples are very similar to those of
meteorites. However, our current samples continue to release the major-
ity of their gases at temperatures below 250°C, a lower temperature than
is seen in the meteoritic release. We will be carrying out additional ex-
periments to see whether added photolysis of our samples after warm up
makes them more refractory. In addition, the trapping efficiency of Ar
relative to Kr and Xe has yet to be established and we are now carrying
out several experiments that are optimized to address this issue.

References: [1] Sandford S. A. (1996) Meteoritics & Planet. Sci.,
31, 449-476. [2] Swindle T. D. (1988) in Meteorites and the Early Solar
System (J. F. Kerridge and M. S. Matthews, eds.), pp. 535-564, Univ. of
Arizona, Tucson. [3] Sandford S. A. et al. (1997) LPS XXVIII, 1233—
1234.

NOBLE-GAS STUDY OF THE NEW LUNAR HIGHLAND METEOR-
ITE DAR AL GANI 400. P. Scherer, M. Piitsch, and L. Schultz, Max-
Planck-Institut fiir Chemie, Abteilung Cosmochemie, Postfach 3060,
55020 Mainz, Germany (scherer@mpch-mainz.mpg.de).

Introduction: Dar al Gani 400, the third lunar meteorite found out-
side of Antarctica, was recovered in the Libyan part of the Sahara early
this year. Preliminary studies indicate that it is a lunar highland breccia
[1].

The abundance and isotopic composition of all noble gases were stud-
ied in five different bulk samples. Stepwise heating experiments are in
progress to characterize the trapped components. In addition, we apply
this technique to gain more information about a contamination with ter-
restrial noble gases probably caused by abundant carbonate veins that cut
through the entire sample.

Noble Gas Composition: Dar al Gani 400 is one of few lunar mete-
orites containing only small amounts of trapped solar gases. The elemen-
tal abundance pattern of trapped gases (Fig. 1) reveals that it is depleted
in 4He and 20Ne relative to the composition of solar particle radiation. It
has an abundance pattern comparable to MAC 88104 [2]. Only two lunar
meteorites contain less trapped gases, Y 82192 [3] and A 881757 [4],
which has virtually no trapped gases. A fit through all available data
yields a value for trapped 2°Ne/22Ne = 11.2 + 0.2, which is in agreement with
the SEP value of 11.3 +0.3.

It is difficult to separate Ar into trapped, radiogenic, and atmospheric
components and to determine a retention age because Ar and K are influ-
enced by terrestrial alteration products.
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