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MELT INCLUSIONS IN AUGITE FROM NAKHLITES: A
KEY FOR THE COMPREHENSION OF MARTIAN
MAGMATISM

M. Macri'?, V. Sautter!, N. Guilhaumou', A. Maras®, J.P.
Lorand'. 1Minéralogie MNHN CNRS FRE 2456, 61 rue Buffon
75005 Paris, France, 2DST-Universita di Roma “La Sapienza”, P.
Aldo Moro, 5-00185 Rome, Italy

The SNC groups of meteorites are believed to have originated
from Mars 1, but only the nakhlites are supposed to come from
the same cooling magmatic pile. They are clinopyroxenites
consisting of augite and olivine grains set in a feldspar-rich
mesostasis; chemical and petrological differences among them
evidence different positions in a cooling sequence 2. To
understand the thermodynamic and chemical evolution of this
Martian magma, we studied melt inclusions in NWAS817 and
NWA998 (respectively the top and the bottom of the pile);
Nakhla and Governador Valadares (in intermediate position). As
the origin of olivine in nakhlites is still a matter of debate
(phenocrysts vs. xenocrysts), we focused our studies on melt
inclusions in augite.

Melt inclusions have been selected by optical microscopy,
SEM and FIB, and analysed by EMP and TEM techniques.
Heating experiments and laser ablation ICP-MS analyses are in
progress. For the first time, we characterize three different
generations of melt inclusions in augite of Nakhla and
Governador Valadares: Type I (10-70 m diameter), are isolated.
These are multiphase inclusions composed of silica-rich glass,
Ti-magnetite, low Ca-pyroxene and a single gas-bubble 3.
Silica-rich glass is partially devitrified. Type I melt inclusions are
not surrounded by fractures that are indicative of partial lost of
fluids. Type II inclusions (10-50 m diameter), look like type I
but form clusters and are surrounded by inclusions of smaller size
(type III). Tiny fractures are observed around the inclusions. Type
III (less than 10 m diameter), are the last generation of
inclusions; they are widespread and form trails. These inclusions
are probably related to late liquids percolating near the Martian
surface and responsible for hydrous alteration phases present in
nakhlites.

Melt inclusions in NWAS817 are type I multiphase inclusions.
They are composed by a recrystallized silica-rich phase together
with sub-Ca augite, ferrosilite and chlorapatite. Most of them are
surrounded by tiny fractures. Trails and flags of type III melt
inclusions are also present. Type I melt inclusions in NWA998
are constituted by a silica-rich phase partially re-crystallized, low
Ca-pyroxene, Ti-magnetite and dark globular inclusions, and are
surrounded by tiny fractures. Trails and “hieroglyphic” group of
type III inclusions are also observed.

Conclusions: melt inclusions provide a unique method to
understand magmatic processes in Martian cumulate rocks. A
detailed description and chemical analyses on generations of melt
inclusions trapped in augite allow to formulate hypothesis about
the composition of the nakhlites parent magma and its late
evolution in the cooling sequence. Differences between melt
inclusions in olivine and augite crystals favoured a xenocrystic
origin for olivine.

References: 1 McSween H. Y., Jr. 1985. Rev. Geophys. 23:
391-416. 2 Mikouchi T. et al. 2003. Lunar and Planetary
Science XXXIV. 3 Varela M. E., Kurat G. and Clocchiatti R.
(2001). Min and Petrol. 71: 155-172.
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BARIUM-ISOTOPIC COMPOSITIONS OF PRESOLAR
SILICON CARBIDE GRAINS FROM SUPERNOVAE. K K.
Marhas, P. Hoppe, and U. Ott , Max Planck Institute for Chemistry,
Cosmochemistry Department, P.O. Box 3060, D-55020 Mainz, Ger-
many (kkmarhas/hoppe/ott@mpch-mainz.mpg.de).

Introduction: Ba-isotopic measurements on individual presolar
silicon carbide (SiC) grains are feasible by NanoSIMS. In a previous
study [1] we measured the Ba-isotopic compositions of mainstream
SiC grains which were predominantly characterized by slight en-
richments in '**Ba and depletions in 13Ba, '*"Ba and **Ba, consis-
tent with the results obtained from studies by TIMS on SiC bulk
samples [2] and by RIMS on individual SiC mainstream grains [3].
The Ba-isotopic patterns of mainstream grains are well explained by
s-process nucleosynthesis in 1.5-3 M AGB stars [3]. X-type SiC
grains make up about one percent of the total presolar SiC. Enrich-
ments in ">C, °N, and *Si, and presence of the decay products of
radioactive *°Al, *Ti, and **V are consistent with an origin of X
grains in type II supernovae [4]. Heavier elements (Sr, Mo, Zr, Ba)
have been measured in a few X-grains [5]. The observed isotopic
patterns are not consistent with classical r-/s-process expectations. In
order to extend the yet small data base on the astrophysically diag-
nostic element Ba, we have extended our NanoSIMS studies to X
grains. Barium data for two X grains (~2 um) from the Murchison
meteorite are presented here.

Experimental: X grains were identified with our IMS3f ion
microprobe by low-mass resolution ion imaging using Cs as primary
ion. Barium-isotopic compositions were measured by NanoSIMS on
two X grains and 23 other SiC grains (most of which can be as-
sumed to be of the mainstream type) for comparison, following the
procedures as outlined in [1]. In the cases where the grains had been
bombarded with Cs prior to Ba analyses, corrections of contribu-
tions from CsH, interferences to the Ba isotopes were necessary.

Table: Isotopic compositions of SiC X and other (mostly mainstream)
SiC grains of this study. Errors are 1c. The Ba data are normalized to **Ba.
5*Si from ion imaging.

X Grain 8°°Si (%o) |5'**Ba (%0)|8"**Ba (%0)|8'*"Ba (%0)|5'**Ba (%)
629-2 440 590 +290 | -380+80 | 40+70 | 400+ 80
373-3 245 | 2704490 |-330+ 170| 0+ 140 | 190+ 130

Avg. other SiC - 170 -600 -330 -320

Results and Discussion: The results obtained for the two X
grains are given in the Table. Relative to solar Ba-isotopic abun-
dances the two X grains have lower than solar '**Ba/'**Ba, close to
solar *"Ba/"**Ba, and higher than solar 138B4/13%Ba, consistent with
the results found for two X grains by [5]. Relative to the average of
the other (mostly mainstream) SiC grains the X grains are enriched
in 'Ba, *"Ba, and '**Ba by factors of ~1.6, ~1.5, and ~1.9, respec-
tively. This is only qualitatively consistent with contributions from
the r-process.

Another 11 X grains were identified by low-mass resolution ion
imaging using oxygen as primary ion. This gives the advantage of
avoiding the CsH; interference correction. We plan to do NanoSIMS
Ba-isotopic analyses on these X grains to further extend the existing
data base on Ba isotopes in X grains and to get a better understand-
ing of the heavy element synthesis in supernovae.

References: [1] Marhas K. K. et al. 2003. MAPS 38: A5S. [2]
Prombo C. A. et al. 1993. ApJ 410: 393. [3] Savina M. R. et al.
2003. GCA 67: 3201. [4] Hoppe P. et al. 2000. MAPS 35: 1157. [5]
Pellin M. J. et al. 2000. 31st LPSC, abstract #1917.
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GEOLOGICAL, GEOPHYSICAL AND IMAGING DATA
OF SAO MIGUEL DO TAPUIO (SMT) ASTROBLEME,
BRAZIL.

R. Mariano'; G. Castelo Branco'; David Lopes de Castro';
Luciano S. Cunha'. ' Laboratory of Geophysics, Federal Univer-
sity of Ceara, Brazil. mariano@ufc.br.

Introduction: SMT is located on the eastern margin of the
Parnaiba Paleozoic Basin in the NE Brazil, 5 km to the northwest
of SMT village. Shatter cones, circular morphology and central
uplift confirm that the structure is the result of a meteorite impact
[1]. The precise age of the impact is not known, but the geologi-
cal and sedimentary/statigraphic evidences suggest a Carbonifer-
ous age. The structure is 25 km in diameter and consists of a col-
lar of upturned sedimentary rocks of the Cabegas Formation sur-
rounding a centrally uplifted core of similar geology. SMT is eas-
ily recognized by the deformation and erosion of the resistant
Cabegas Formation sandstone, which is clearly visible in satellite
imagery and radar.

Imaging data: A RGBI (3, 2, 1, 8 bands) image of Landsat 7
was constructed overlain on a 3D digital terrain model to study
the morphology and the geometric character of the structure. The
structure shows a strong circular pattern with the presence of two
important concentric rings, where the main ring represents the
central uplift zone. The external ring is separated of the inner ring
by the presence of a plateau where the topographic high can
reach 300m; the rocky group that forms the central uplift presents
an average height of 500m and a diameter of 5 km. The whole
diameter of the structure can reach 25km. Microscopic and min-
eralogical characteristics of shatter cones samples are barely evi-
dent however the macroscopic evidence is unquestionable.

Geophysics: The aerogeophysical survey was carried out in
the eastern boundary of Parnaiba basin in 1988 [2]. The 53,900
km? covered area has been investigated using magnetometry, re-
sulting in 23,385 line km of survey data. The dataset was col-
lected on N-S flight lines with spacing of 3.0km, sample rate of
100m, and nominal survey elevation of 500m. The SMT airborne
geophysical data was interpolated using the kriging method with
0.5km regular spacing. The magnetic map was filtered to elimi-
nate high frequency noise due to the high sample rate along flight
lines. The selected filter works in the frequency domain as a gen-
eral strike-reject filter and rejects azimuthal trends [3]. The se-
lected direction was the same as the N-S flight lines. As a result,
the high frequency noise was seriously attenuated, yielding mi-
crolevelled grids. The SMT impact structure can be identified in
the total magnetic field image. The aeromagnetic data shows two
semi-circular patterns clearly observed in the eastern border of
the structure. The outer and the inner semi-circular features are
both represented by magnetic highs. The spatial distribution of
the magnetics highs is coincident with the morphologic and geo-
logical characteristics observed in the remote sensing products.
These patterns reflect the iron-rich sandstones bedding of Ca-
begas Formation. A gravity profile was conducted in SW-NE di-
rection which defined a negative Bouguer anomaly nearly coinci-
dent with the SMT core.

References: [1] Castelo Branco, R.M.G. 1997. O astroblema
de Sdo Miguel do Tapuio,borda Leste da Bacia do Parnaiba:
consideragdes geologicas e geofisicas. XVII SGNo, Bol. de Res.
Exp., p.330-334. [2] Brasil. MME/CPRM, 1995. Catalogo Geral
de Produtos e Servigos, Geologia, Aecrogeofisica. RJ, 359 pp.
[3] Cordell, L. et.al. 1992. U.S. Geological Survey Potential Field
geophysical software V. 2.0, USGS, Open File Report 92-18.
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SYSTEMATIC DIFFERENCES IN 'W/*W BETWEEN
IRON METEORITE GROUPS

A. Markowski G. Quitté, A.N. Halliday. Institut fiir
Isotopengeologie und Mineralische Rohstoffe, ETH Zentrum,
Zurich, Switzerland E-mail: markowski@erdw.ethz.ch

Introduction: Measuring W isotopes in iron meteorites is of
great interest because the short-lived "**Hf-'W chronometer has
the potential to reveal small differences in the time of metal seg-
regation. The isotopic data also provide a useful well-defined
limit on the initial composition of the solar system. Several stud-
ies have been made and a detailed study [1] carried out on 23 iron
meteorites showed that no differences between groups could be
resolved. However, the analytical uncertainties were relatively
large (up to 150 ppm). The initial "*Hf/**’Hf of the solar system
has been the subject of some debate [2,3,4] and this affects the
calculated time-scales. In this ongoing study of iron meteorites
we have so far obtained data that are in broad agreement with
literature values, but with a precision improved by a factor of up
to ten (precision of 20 ppm) which allows us to resolve differ-
ences between several groups of iron meteorites.

Results: 18 iron meteorites from the following groups have
been analyzed: IAB, IC IIAB, IIE, IIIAB, IIICD, IVA and IVB.
Isotopic ratios were measured using a Nu Plasma MC-ICPMS
and were normalized to "*W/'*W = 1.985936 using an exponen-
tial law. Two IIE meteorites, Miles and Watson, are significantly
less depleted in '**W (Mean w=-2.6+0.1) than the other iron
meteorite groups. This result is consistent with a previous study
[5]. Other meteorites have w between —3.2 and —3.8. Meteorites
of group IC (Arispe), IIIB and IVA are the least radiogenic. Dif-
ferent isotopic compositions can be distinguished between group
IAB and group IVA, whereas the compositions for the other
groups are as yet unresolved.

Discussion: Assuming segregation from a chondritic parent
body, the IAB irons seem to have formed 5+2 Myrs after IVA if
the averages for these groups are confirmed. An apparent time
interval of 1543 Myrs can be determined between segregation of
the IVA Yanhuitlan ( w=-3.840.1) and the IIE Watson ( w=-
2.5+ 0.1), if the IIE iron data are solely interpreted in terms of
chronology. The "?W/'®W measured for Watson in this study
combined with the value measured in silicates in [5] plot on a line
that is collinear with the bulk composition of carbonaceous chon-
drites [3,4,6]. An internal isochron has been calculated and an
age of 13 Myrs is obtained using 1.6*10 [2] for the initial
S2H/'8°Hf of the solar system, whereas an age of 7 Myrs is ob-
tained using 1.0%10* [4,6]. We conclude that metal and silicate
from Watson come from the same chondritic parent body. The
high '®*W/"*W ratio measured in IIE metals could result from
late metal segregation or late exchange between metal and sili-
cate.

References: [1] Horan M.F. et al. 1998. Geochimica Cosmo-
chimica Acta 62: 545-554. [2] Quitté G. and Birck J.L., 2004.
Earth and Planetary Science Letters 219: 201-207 [3] Schonberg
R. et al. 2002. Geochimica Cosmochimica Acta 66: 3151-3160
[4] Yin Q. et al. 2002. Nature 418: 949-951 [5] Snyder G.A. et al.
2001. Earth and Planetary Science Letters 186: 311-324 [6]
Kleine T. et al. 2002. Nature 418: 952-955.
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THERMAL METAMORPHISM: RESULTS FROM A NEW
TECHNIQUE FOR DETERMINING HOMOGENEITY OF
MAJOR MINERALS IN ORDINARY CHONDRITES.

C. A. Marsh, D. S. Lauretta and K. J. Domanik. LPL, University
of Arizona, Tucson, AZ 85721 (celinda@]lpl.arizona.edu)

Introduction: Since the introduction of petrologic type [1],
homogeneity of olivine and low-Ca pyroxene has been used to
determine the amount of thermal metamorphism an ordinary
chondrite (OC) has experienced. The most common measure of
homogeneity in chondrite classification is Percent Mean Devia-
tion (PMD), defined by [2] as 100 x the average deviation in Fe
wt % within a meteorite divided by the average Fe wt % of that
meteorite. Scott [3] proposed Coefficient of Variance (CoV) as
an alternate measure, because it uses standard deviation instead
of average deviation. Most published values of PMD or CoV use
tens to hundreds of data points to calculate homogeneity [e. g.
2,3]. We have developed a new technique that allows us to col-
lect thousands to tens of thousands of points in a short amount of
time, improving the robustness of our measurements, and allow-
ing us to rapidly collect homogeneity and other compositional
information from a suite of meteorites [4], and thereby build a
unique database of the effects of thermal metamorphism in the
ordinary chondrites.

Results: Table 1 shows the results for a suite of 5 L-
chondrites. Olivine has an expected steady increase in homoge-
neity (indicated by decreasing PMD and CoV) with petrologic
type. Low-Ca pyroxene is obviously less homogenous than oli-
vine, and also shows a return to heterogeneity in one L4 chon-
drite. Further work will be done to determine whether this in-
crease in heterogeneity is common in low-Ca pyroxene of the
type 3.8-4 OCs. Type 4 chondrites are defined as having a PMD
< 5 in both olivine and low-Ca pyroxene [1]. This is not the case
for low-Ca pyroxene in either of the type 4 chondrites examined
thus far in the study, indicating that low-Ca pyroxene can be used
to describe the degree of thermal metamorphism within type 4

OCs.
Pet. Average
Type| Meteorite Mineral Fewt % CoV PMD
3.6 |LEW 87284 Olivine 15 52 42
3.7 | ALH 77197 Olivine 18 7 5
3.8 | ALH 85045 Olivine 17 11 7
4 | ALH 85033 Olivine 17 9 6
4 | Saratov DL Olivine 16 7 4
4 | Saratov LL Olivine 16 6 4
3.6 |LEW 87284 Pyroxene 9 26 20
3.7 | ALH 77197 Pyroxene 9 23 19
3.8 | ALH 85045 Pyroxene 10 11 8
4 | ALH 85033 Pyroxene 8 27 20
4 | Saratov DL Pyroxene 11 10 7
4 Saratov LL Pyroxene 10 11 8

Table 1. Composition and homogeneity in a sample suite of L-
chondrites. Saratov DL and LL refer to a dark lithology and light
lithology within the sample of Saratov examined for this study.

References: [1] Van Schmus W. R. and Wood J. A. (1967)
GCA 31:747-765. [2] Dodd R. T. et al. (1967) GCA 31:921-951.
[3] Soctt E. R. D. (1984) Smithson. Contrib. Earth Sci. 26:73-94.
[4] Marsh C. A. et al. (2004) 35th LPSC, abs. #2033.
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COSMIC RAYS IN THE SOLAR NEIGHBORHOOD.

K. Marti!, R. LingenfelterQ, K.J. Mathew” and K. Nishiizumi*, !
kmarti@ucsd.edu, 1‘2'3University of California, San Diego; La
Jolla, CA 92093, “Univ. of California; Berkeley; CA 94720, USA

Galactic cosmic rays (GCR) provide information on their dis-
crete sources in the “local” region of the galaxy, the solar
neighborhood. Their huge energies are thought (e.g. [1]) to de-
rive from supernovae (SNe) in the galaxy, and only a fraction of
the SN energy is needed for GCR acceleration. There is a con-
siderable amount of evidence that this acceleration is by the
shock waves of SN explosions as they travel through the inter-
stellar gas in the SN-active star-forming regions (OB associa-
tions) associated with the galactic spiral arms. Whenever our
Solar System was located in or near such star-formation regions,
as we have been for the last ~20 Ma (e.g. [2]), an increased GCR
flux has to be expected.

Iron meteorites have long been known to represent detectors
of GCR radiation [3]. High precision **C1-**Ar, '*Be-*'Ne, *°Al-
?INe CRE ages were reported [4] which disagree in a systematic
way with ages obtained from “°K-*'K isotopic data (*’K, t;,, =
1.26 Ga). The lower average production rates over the time in-
terval of calibration (150 to 700 Ma) are lower by 28% and sug-
gest an 38% increase in the recent cosmic-ray flux. A larger
(>50%) increase is suggested relative to the average flux over the
last 1 Ga, an average over several rotations of the galaxy. Pre-
liminary calculations suggest that this flux increase is consistent
with that expected for current GCR propagation models from SN
acceleration in local star-forming regions.

In order to constrain the more recent flux changes, several in-
vestigations are studying nuclides with 10° to 107 a half-lives,
81Ky, 3Cl, "°Be, **Mn and '%’I, as well as their stable products.
121 (t,,= 16 Ma) concentrations and its decay product '*Xe
were studied in troilites of the strongly shielded Cape York iron
and techniques are required to resolve isotopic shifts in '*Xe and
31Xe due to neutron capture in '**Te and **Te from '*Xe ex-
cesses due to extinct '°I.  The first reliable CRE age for the
Cape York iron is a '*I-'*Xe age of 93 Ma.

References: [1] Axford, W.I. (1981) Proceedings 17" Interna-
tional Cosmic-Ray Conference (Paris) 12, 155; [2] De Zeeuw,
P.T. et al. (1999) Astrophysical Journal 117, 354-399; [3]
Voshage H. (1962) Z. Nat-forsch. 17a, 422-432; [4] Lavielle B.
et al. (1999) Earth & Planetary Science Letters 170, 93-104.



67th Annual Meteoritical Society Meeting (2004) 5104.pdf

THE METEORIC EVENT OF PIRENOPOLIS- BRAZIL:
VIDEO REGISTRATION AND CORRELATIONS.
P.R.Martini [1]; A. Lerro [2]. [1] Brazilian Institute on Space
Research-INPE. martini@ltid.inpe.br. [2] Alta Filmes Limited
Sao Paulo.

A fireball was registered above the sky of the city of Pirenopolis,
state of Goias in the mid west region of Brazil. The city is located
at latitude S15:51 and longitude W48:57. The event arose from
the heavens at 7:30 PM (10:30 UT) of July 25" 2002. The
meteoroid was registered by a CCD video camera with lenses 72-
millimeter wide augmented 14 times. The internal timer of the
camera indicated that the fire started at 13 minutes 14:17 seconds
and ended at 13minutes 19 seconds with maximum brightness at
13 minutes 18 seconds. The fireball crossed the direction of the
full moon that happened to be just arising (+1.8 degrees) from the
azimuth 108.9 degrees (E-S-E). The trajectory crossed this
azimuth coming from the north and dipping to the southern
horizon as a meteoroid brighter than the full moon. The event
was completely recorded by the VHS-CCD and no sonic boom or
ground shaking were registered just the yellow to red straight
descending ball. Scientific literature [1] indicates that a
distinguished meteoroid was registered by DOD-NDS in that
same day but earlier (7:00 PM-UT) in the skies of Eastern
Europe. According to Ratcliffe and Ling [2] the late July of 2002
was time for strong activity of southern Delta Aquarids. The
source of the shower from the heavens coincides with the source
of the Pirenopolis meteoroid (N-N-E). Oberst and others [3]
describe the detection and the recovering of the Neuschwanstein
Meteorite in the Alps near Innsbruck. According to these authors
the recovering site was about 20-kilometers away the last and
loud explosion. The Pirenopolis event was a quiet meteor to the
witness and so the meteorite could have fallen very far from the
city. A Remote Sensing satellite image was recorded over the
region by the CBERS Satellite in the very next morning and is
being analyzed but no ground evidences of a fall were found so
far. Astronomers are being asked to help to depict the landing site
of the meteoroid.

References: [1] Tagliaferri, E. Mercury Magazine. 1998. 27(6):
18-23. [2] Ratcliffe, M. and Ling, A. 2002. Astronomy 30(7): 56-
65. [3] Oberst, J. et al. 2003. EOS,Transactions, AGU 84(39):
393-4.
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REMOTE SENSING AND FIELD ANALYSIS OF A
PROBABLE IMPACT CRATER IN MENDOZA
ARGENTINA.

P.R.Martini [1] and G.Asato [2]. [1] Brazilian Institute on Space
Research-INPE/MCT. martini@dsr.inpe.br.  [2]  Geological
Survey of Argentina-SAGEMAR.

A crater was detected by oblique aerial photo in the western edge
of Argentina. LANDSAT and CBERS images corrected to
precision level depicted the structure in latitude S34:15:41 and
longitude W69:32:52. The spatial attributes extracted from the
Remote Sensing data show the typical features of an astrobleme:
flank, ring, wall and floor. The crater is perfectly circular with a
600 meters ring. The ring is designed over thick dried soils with
lack of land use coverage. The structure lies over sediments that
fill late orogenic Andean basins of Quaternary age. These
sedimentary basins surrounded the Andean ridges in the western
Argentina and are pontuated by early Holocenic volcanic centers
of basic, ultrabasic and alkaline rocks. Scientific literature [1]
shows that a very similar crater known as Wabar was mapped in
South Arabia. This crater is recognized as an impact site. The
small craters of the moon show exactly the same landscape as can
be observed in [2]. The same can be observed from the Mars
Pedestal Crater. Pedestal displays remarkable similarities in
shape and size with the crater of Mendoza. A field campaign was
pursued last November together with geologists the Geological
Survey of Argentina. The survey has confirmed the presence of a
rim crater lying between several volcanic necks. The crater walls
are sustained by dark rock of volcanic origin. The rim and the
outer rim is occupied by blocks of i)polymitic breccia;
ii)centimetric sized clasts of silica glass and iii)brecciated clasts
of basalt, all these material are together within a carbonatic
matrix. Polimitic breccia and silica glass indicates to an
astroblem. Carbonatic matrix suggests a criptovolcanic process.
Petrographic and soil analysis are going on and a second field
campaign is being scheduled. The Mendoza Crater could be the
youngest known meteorite Crater in South America. The
suggested age for the probable impact could be the Early
Holocene because the late Pleistocene retreating glaciers could
have damaged or even destroyed the structure.

References: [1] Wyn, J.C and Shoemaker, E.M. 1997.
Sky&Telescope 94(5): 44-49. [2}Bowker, D.E. and Hughes, J.K.
1971. Lunar Orbiter Photographic Atlas of the Moon. Langley
Research Center.
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PURINES AND PYRIMIDINES IN CARBONACEOUS
CHONDRITES: A RE-ANALYSIS. Z. Martins', O. Botta?, M.
A. Sephton®, P. Ehrenfreund", 'Astrobiology Lab, Leiden Insti-
tute of Chemistry, P.O. Box 9502, 2300 RA Leiden, The Nether-
lands E-mail: z.martins@chem.leidenuniv.nl *International Space
Science Institute, Hallerstrasse 6, CH-3012 Bern, Switzerland,
3The Open University, Walton Hall, Milton Keynes, MK7 6AA,
UK, *Astronomical Institute “Anton Pannekoek”, University of
Amsterdam, Kruislann 403, 1098 SJ Amsterdam, The Nether-
lands.

The nucleic acids DNA and RNA have a central role in the
storage, transcription and translation of genetic information in all
known organisms. These biopolymers are made up of building
blocks called nucleotides, each one having a nucleobase (a purine
or a pyrimidine), a sugar unit and a phosphate linker.

The origin and distribution of purines and pyrimidines in
carbonaceous chondrites is not yet constrained. Since nucleo-
bases are difficult to detect in carbonaceous chondrites due to
their low abundance and underlying UV absorving material of
unknown origin, an optimal extraction and purification procedure
is still under development.

We analyze the abundances of purines and pyrimidines in the
formic acid extract of Murchison (Table 1) and Orgueil, compare
it to those reported by Stoks and co-workers [1,2] and to the re-
sults obtained by Glavin et al. with an extraction technique using
sublimation [3].

Although there is no correlation between the nucleobases
present in Murchison and the nucleobases in geological environ-
ments on Earth [4,5], there is no certainty of an indigenous origin
of the nucleobases in carbonaceous chondrites. GC-MS meas-
urements of derivatized nucleobases are used to analyze these
compounds, followed by the determination of carbon and nitro-
gen isotopic values in carbonaceous chondrites.

We report the purines and pyrimidines content of Murchison soil,
and compare the distribution of nucleobases to data of the Mur-
chison meteorite.

Table 1-Summary of nucleobases concentration in the formic
acid extracts of Murchison meteorite (in ppb)

Nucleobases Stoks [1,2] Glavin [3]  Our study
Uracil 33 145 131
Thymine 1 <255 41
Guanine 234 <16 <11
Xanthine 530 356 10
Hypoxanthine 215 232 156
Adenine 267 204 95

References: [1] Stoks, P. G. and Schwartz, A. W. 1979. Na-
ture 282:709-710. [2] Stoks, P.G and Schwartz, A. W. 1981.
Geochimica et Cosmochimica Acta 45:563-569. [3] Glavin, D. P.
and Bada, J. L. 2004. Abstract #1022. 35th Lunar & Planetary
Science Conference. [4] Van Der Velden, W. And Schwartz, A.
W. 1974. Science 185: 691-693. [5] Van Der Velden, W. And
Schwartz, A. W. 1976. Chemical Geology 18: 273-284.
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Noble gases in a graphite-metal inclusion from Canyon
Diablo: The presence of El Taco Xe in IAB iron meteorites.

J. Matsuda', M. Namba!, T. Maruoka', T. Matsumoto' and G.
Kurat’. 'Department of Earth and Space Science, Graduate
School of Science, Osaka University, Toyonaka, Osaka 560-0043,
Japan. ZInstitut Geolog. Wissensch., Universitit Wien, A1090
Vienna, Austria. E-mail: matsuda@ess.sci.osaka-u.ac.jp

Introduction: The primordial components of noble gases in
iron meteorites are very important for a better understanding of
the origin and evolution of iron meteorites. Some inclusions such
as graphite and troilite contain large amounts of primordial gases,
and give us useful information. Mathew and Begemann [1] re-
ported that graphite inclusions of the El Taco IAB iron meteorite
contained a new noble gas end-member “El Taco Xe”, whose
definition was subsequently slightly modified by Maruoka [2]. El
Taco Xe was also observed in the Bohumilitz and Toluca IAB
iron meteorites [3]. This time we had the opportunity to investi-
gate a very large graphite-metal inclusion (about 2.5cm in diame-
ter) from the Canyon Diablo IAB iron meteorite [4]. We have
measured the elemental abundances and isotopic compositions of
all noble gases in this inclusion.

Sample and Experiment: As this inclusion consists of
graphite and metal (dissipated and in veins), we crushed it into
several pieces and treated some parts of them with 6M HCI to
remove the metal. The noble gas measurements were made by
precise step-wise heating technique (600, 800, 1000, 1200, 1400,
1600, 1800 °C) with the mass spectrometer VG5400 at Osaka
University.

Results: The Ne data of the 600-1200 °C fractions lie on the
mixing line between air and the spallogenic component, but those
of 1400 and 1600 °C lie on the mixing line between Ne-HL and
the spallogenic component. There is no detectable contribution
by a solar component, indicating that the primordial component
of Ne is a planetary component, which is compatible with our
previous result [5]. The Ar isotope data indicate the presence of
Q in addition to Ar-HL, air and a spallogenic component. As the
elemental concentration of Ne in Ne-Q is low, we could not con-
firm the presence of Ne-Q from Ne data. The Xe isotopic data
shows that there is no indication for the presence of Xe-HL. As
the Xe component in Q is very high and the Xe/Ne ratio in Q is
much higher than that in the HL component, only the contribu-
tion of Q is observed in Xe data. All isotopic data of Xe can be
explained by a mixture of only Q, air and El Taco Xe. The pres-
ence of El Taco Xe is very well confirmed in the '**Xe/"**Xe vs.
136Xe/"*?Xe plot. It is likely that El Taco Xe is universally present
in IAB iron meteorites.

References: [1] Mathew K. J. and Begemann F.1995. Geo-
chim. Cosmochim. Acta 59: 4729-4746 [2] Maruoka T. 1999.
Geochem. J. 33: 343-350. [3]Maruoka T. et al. 2000. Meteoritics
& Planetary Science 36:597-609. [4] Kurat G. et al. 2000 31%
Lunar Planetary Sci. Conf., # 1717. [S] Namba M. et al. 2000.
Antarctic Meteorite Research 13:170-176.
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TEXTURES OF UNBRECCIATED EUCRITES:
SPECTRAL RELATIONSHIPS?

R. G. Mayne' and T. J. McCoy® and H. Y. McSween Jr'.
1Planetary Geosciences Institute, University of Tennessee,
Knoxville, TN 37996-1410 USA. E-mail: rmayne@utk.edu.
2Depar‘cment of Mineral Sciences, National Museum of Natural
History, Smithsonian Institution, Washington DC, 20560-0119
USA

Introduction: The DAWN mission will launch in 2006 to
orbit and analyze 4 Vesta. DAWN will carry a VIS-IR mapping
spectrometer, with coverage out to 5 microns [1], to spectrally
characterize the surfaces of the asteroid. The howardites-
eucrites-diogenites are thought to originate on Vesta [2,3] and
provide an opportunity to “groundtruth” the asteroid data.

The eucrites are a geochemically diverse group with many
subdivisions (e.g., cumulate, basaltic, Stannern-trend, Nuevo
Laredo-trend). The igneous textures of unbrecciated eucrites are
also diverse. Here we report preliminary petrologic data on indi-
vidual eucrites, with the aim of eventually relating their geo-
chemical groupings, textural characteristics, and mineralogies to
different eucrite spectra.

Methodology and Results: Our initial efforts have focused
on unbrecciated eucrites in an effort to define end-member
lithologic types absent the effects of mixing. To this end, we
have searched the U.S. Antarctic meteorite collection to identify
and examine the ~30 unbrecciated eucrites previously classified.
They were examined in both thin section and hand specimen for
signs of weathering and to confirm their unbrecciated nature.

Textures observed include vitric (quenched, glassy), micro-
cystalline, and equigranular. The meteorites display a large range
in shock, with some exhibiting relatively little evidence for such
a process while others contain mosaicism in the pyroxenes, shock
veins and undulose extinction in plagioclase. Mosaicism, along
with exsolution of the pyroxenes due to slow cooling, acts to re-
duce the effective optical grain size in some of the coarser
grained eucrites (e.g. MET 01081, MAC 02522) to a few tens of
microns. This has implications for the spectra of these meteor-
ites.

Discussion:. The significant textural differences observed
among unbrecciated eucrites should manifest themselves in the
spectral characteristics. Gaffey plots [4] of the existing spectra,
previously obtained by RELAB, exhibit some spectral heteroge-
neity, but to fully characterize the range of eucrites, coordinated
spectral-petrologic studies of the same samples of unbrecciated
eucrites will be required and are planned. As texture, mineralogy
and grain size all directly influence the spectral characteristics it
is essential that these are well characterized before spectral inter-
pretations can be made.

References: [1] Russell C. T. et al. 2002. Proc. ACM 2002
Conf., 63-66. [2] Consolmagno G. J. and Drake M. J. 1977. Geo-
chim. Cosmochim. Acta 41:1271-1282 [3] Binzel R. P. and Xu S.
1999. Science 260:186-191 [4] Gaffey M. J. et al. 1993. Icarus
106:573-602.



67th Annual Meteoritical Society Meeting (2004) 5224 pdf

EVALUATION OF *A1/”’Al AT CRYSTALLIZATION IN
EFREMOVKA CAIls BY HIGH-PRECISION, IN SITU ION
MICROPROBE ANALYSES.

K. D. McKeegan', A. N. Krot?, D. J. Taylor', S. Sahijpal®, and A.
A. Ulyanov®. 'Dept. of Earth and Space Sciences, UCLA, Los
Angeles, CA, USA. e-mail: kdm@ess.ucla.edu. 2HIGP/SOEST,
University of Hawaii at Manoa, HI 96822. *Dept. of Physics,
Panjab Univ., India. “Moscow State Univ., Moscow 117999,
Russia.

Introduction: Estimates of the initial “canonical” (~5 107)
value of °Al/*’Al in the solar nebula are based primarily on ion
microprobe analyses of high Al/Mg phases in CAls [1]. Some of
these minerals (e.g., plagioclase, melilite) are known to be sus-
ceptible to alteration and sub-solidus isotopic mobility [2]. Re-
cent high-precision analyses by ICPMS have uncovered evidence
for apparently higher (>7 107) initial 2°Al/*’Al values character-
istic of bulk CAIs [3] or of more magnesian mineral phases in
coarse-grained CAls [4]. These data can be interpreted as indicat-
ing an appreciable temporal gap between initial Al/Mg fractiona-
tion during formation of proto-CAls and subsequent melt-
ing/crystallization [3]. Indeed, many large CAls in CV chondrites
are known to have had complex thermal histories, and comple-
mentary data obtained on bulk Al-Mg reservoir evolution and
internal mineral isochrons on the same objects could potentially
provide important information on the timing of high-temperature
processes in the nebula. This approach requires an ability to
measure Al-Mg isotopic evolution on Mg-rich minerals with high
spatial resolution and precision. We have developed a multiple-
collector ion microprobe method that allows determination of

%Mg* with precision better than 0.1%o in ~20 m spots of Ti-
rich pyroxene (fassaite), spinel, and dkermanitic melilite, permit-
ting the resolution of radiogenic Mg ingrowth in phases with
Al/Mg >~0.5.

Samples and Results: We have preliminary data on a suite
of compact Type A and Type B CAIls from CV3 chondrites
Efremovka and Allende. All samples show well-resolved

*Mg* in spinel and fassaite that is correlated with Al/Mg. In-
ferred initial °A1/*’Al values range from ~4 to 6 107, Of par-
ticular significance is sample E44 since pyroxene in this CAI re-
tains evidence for the in situ decay of *'Ca [5]. An Al-Mg
isochron fit through the origin and 17 spots of pyroxene and
spinel yields °Al/77Al = (5.2£0.3) 107 with little scatter ( > =
1.5), whereas Mg isotopes in melilite and anorthite are clearly
disturbed. If a primary 2Al/’Al >7 107 is characteristic of the
solar nebula, then current estimates of initial *'Ca/*°Ca (1.4
10, based on E44 pyroxene, would need to be revised upward
by approximately an order of magnitude.

References: [1] G.J. MacPherson et al. 1995. Meteoritics
30:365-386. [2] T. LaTourrette and G.J. Wasserburg 1998. Earth
and Planetary Science Letters 158: 91-108. [3] A.Galy et al.
2004. Abstract #1790, 35th Lunar & Planetary Science Confer-
ence. [4] J.I. Simon et al. Abstract #1668, 35th Lunar & Planetary
Science Conference. [5] G. Srinivasan et al. 1996. Geochimica et
Cosmochimica Acta 60: 1823-1835.
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BASALTIC ROCKS AT THE MERIDIANI AND GUSEV
MER LANDING SITES ON MARS.

H. Y. McSween, Jr.l, B. L. Jolliffz, and the ATHENA SCIENCE
TEAM, 'Department of Earth and Planetary Sciences, University
of Tennessee, Knoxville, TN 37996, USA, 2Department of Earth
and Planetary Sciences, Washington University, St. Louis, MO
63130, USA.

Introduction: The Mars Exploration Rovers have discovered
and analyzed basaltic rocks at both landing sites, using the full
Athena instrument package. These rocks provide interesting
comparisons with SNC meteorites and surface compositions ana-
lyzed by remote sensing.

Meridiani: Bounce Rock, an isolated 40 cm boulder on the
plains above Eagle crater, has a basaltic composition, very simi-
lar to basaltic shergottites. Its APXS-analyzed chemistry is most
similar to EETA79001 lithology B, and its calculated norm is
dominated by Fe-rich pyroxenes and intermediate plagioclase.
Mossbauer and Mini-TES spectra confirm the presence of pyrox-
enes. However, application of the rock abrasion tool indicates
that Bounce is soft, and microscopic images reveal textures that
appear to be altered, possibly by shock.

Gusev: Three rocks — Adirondack, Humphrey, and Mazatzal
— have similar APXS chemical compositions corresponding to
picritic basalt. Their normative compositions are dominated by
olivine, plagioclase, and pyroxenes. Mdssbauer, Mini-TES, and
Pancam spectra confirm the presence of olivine, magnetite, and
possibly pyroxene. Microscopic images show vugs and abundant
dark megacrysts, interpreted as olivine. Humphrey contains tiny,
irregular white veins and an alteration rind with distinctive tex-
ture. Adirondack and Mazatzal are cut by fractures filled with
light alteration material and contain dispersed patches (possibly
altered megacrysts) of similar material. Mazatzal has multiple
coatings of altered material having compositions distinct from the
local soils.

Petrogenesis: The shergottite-like composition of Bounce
Rock suggests it was derived by melting a depleted mantle source
like that for shergottites. The picritic composition of Gusev ba-
salts implies a primitive, undepleted mantle source, although the
low K and Ni contents of these rocks may suggest otherwise.
Gusev basalts have higher Al/Si than other Martian materials,
which may reflect the ancient, primitive mantle prior to crustal
differentiation [1]. These basalts are clearly altered, yet contain
igneous minerals and retain igneous bulk chemical compositions.

References: [1] McSween H. Y. et al., 2003. Journal of
Geophysical Research 108 (E12), 5135.
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IMPACT EJECTA SEDIMENTATION PROCESSES IN
THE ATMOSPHERE AND OCEAN.

H. J. Melosh, Lunar and Planetary Lab, University of Arizona.
Tucson AZ 85721. jmelosh@lpl.arizona.edu

Introduction: Terrestrial impacts of all sizes expel large
quantities of broken rock debris that eventually interacts with ei-
ther air or water before it comes to rest in a sedimentary debris
deposit. Past analyses of ejecta deposition in an atmosphere have
treated the ejecta blanket either as a rigid, moving plate [1], or as
the independent flight of a large number of rock fragments [2, 3].
Although these models accurately represent the two extremes in
which the mass of the ejecta sheet is either much greater or much
less than the mass of the air along the trajectory, the most com-
mon situation occurs when the ejecta mass is comparable to the
air (or water) mass. In this case some interesting new phenomena
arise.

Density Currents: Sedimentologists have long noted that, in
lakes, the annual bloom of tiny diatoms rains to the bottom and
forms distinct annual layers of sediment even though the Stokes
settling time of an individual diatom might be years or even dec-
ades. The answer to this puzzle is the recognition that it is not
individual diatoms, but instead density currents, driven by vast
numbers of diatoms concentrated in the upper lake waters, that
actually rain to the bottom. This phenomenon was investigated
experimentally by Carey [4], who showed that when fine sedi-
ment deposited in seawater become sufficiently abundant, the
dense upper layer became unstable and formed negatively buoy-
ant plumes that rained to the bottom. Cary did not succeed in
deriving a meaningful criterion for the onset of this behavior, but
study of the literature on gas-solid flows [5] shows that when the
particles are small enough to be treated in Stokes flow, and the
density current is large enough to be treated as turbulent, the di-
mensionless number:

v
2a2 0( p 0)g

where is the fluid viscosity, a particle diameter, V the volume
fraction of particles in a layer of thickness 4.  is the fluid den-
sity, , the particle density and g is the acceleration of gravity.
When B <1 the particles fall separately and when B > 1 they fall
together in density currents. Several experiments in air have
clearly demonstrated the clumping that occurs when B >>1 [6, 7].
Implications: Impact ejecta falling into the atmosphere or
ocean may, under many plausible circumstances, clump into den-
sity currents that flow to the ground much more rapidly than one
might expect for the single particles themselves. In addition, the
ejecta deposits themselves may show flow structures more in-
dicative of the velocity of the density currents than of the envi-
ronment in which they were deposited. This may be of particular
importance with respect to the deposition of the thick Archean
sphereule beds observed in Australia and South Africa [8].

References: [1] Schultz, P. & Gault, D.E. (1979) J. Geophys.
Res. 84, 7669. [2] Melosh, H.J., Schneider, N.M., Zahnle, K.J. &
Latham, D. (1990) Nature 6255, 251. [3] Vervack, R. & Melosh,
H.J. (1992) Geophys. Res. Lett. 19, 525. [4] Carey, S. (1997)
Geology 25, 839. [5] Boothroyd, R.G. Flowing Gas-Solid Sus-
pensions (Chapman and Hall, London, 1971). [6] Slack, G.W.
(1963) Nature 200, 1306. [7] Slack, G.W. (1963) Nature 200,
466. [8] Hassler, S.W., Robey, H.F. & Simonson, B.M. (2000)
Sed. Geol. 135, 283.
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QUANTIFYING THE MODAL MINERALOGY OF FINE-
GRAINED CAIs IN ALLENDE.

0. N. Menzies', P. A. Bland!, G. Cressey2 and S. S. Russell’.
'"Department of Earth Science and Engineering, South Kensing-
ton Campus, Imperial College, London SW7 2AZ, UK.
*Department of Mineralogy, The Natural History Museum, Lon-
don, SW7 5BD, UK. E-mail: o.menzies@imperial.ac.uk.

Introduction: A plethora of isotopic and mineralogical research
has been carried out on CAls in Allende using a range of analyti-
cal tools; however, the fine-grained inclusions whose mineralogy
is more difficult to both identify and quantify have been less
thoroughly studied. Most petrographic, and hence mineralogical,
studies have been carried out on polished sections; but section
work is limited due to the 2-dimensional nature of the sample and
thus little work has been done to quantify the abundance of al-
teration products in CAls. Here we obtain modal mineralogical
data for fine-grained CAls using MicroSource XRD. This allows
us to investigate samples as small as 0.018mm?® (as described for
bulk carbonaceous chondrites by [1]). That MicroSource XRD is
a grain-size-independent tool means that it is most beneficial in
observing alteration products in fine-grained inclusions. Modal
mineralogical data of bulk CAls can be used to relate trace ele-
ment and isotopic data to specific abundances of mineral phases,
to identify fine-grained alteration minerals and to assess whether
sequences of progressive alteration exist among CAls.

Methodology: Twenty two CAls were hand-picked from the
meteorite Allende. Each inclusion was divided in two; one piece
was made into a thick polished section and the other piece ground
to a fine powder. BSE images and quantitative chemical analyses
were carried out on the polished sections using a Jeol 5900LV
SEM and Cameca SX50 electron microprobe. Quantitative modal
mineralogical analyses were carried out on the powders using the
MicroSource XRD with PSD system as outlined in [1].

Discussion: The CAls were classified, according to the
scheme of [2], by SEM on the polished sections; 13 were found
to be either fine-grained, spinel-rich (fgsr) inclusions or amoe-
boid olivine aggregates (AOAs). The modal mineralogy of each
inclusion was quantified to within ~2wt% for each mineral phase.
The bulk wt% of Ca and Al were calculated from the modal min-
eralogical data and used to group inclusions that must have had
similar primary mineralogies. Bulk wt% Fe, Na and Cl, calcu-
lated in the same manner, were used to assess the amount of Fe-
alkali-halogen metasomatism experienced. Some of the findings
of the XRD analysis that were not clear from the SEM study in-
clude: 1) the so-called “fgsr’ inclusions contain only 7-23wt% Fe-
rich spinel; 2) melilite remains in several fgsr inclusions suggest-
ing that these inclusions were protected from intense alteration;
3) plagioclase, probably secondary in origin, is abundant in some
fgsr inclusions; 4) a number of fgsr inclusions were altered pref-
erentially by Fe-alkali-halogen metasomatism and others by al-
teration of melilite to plagioclase; 5) the AOAs show evidence of
having undergone more Fe metasomatism than Fe-alkali-halogen
metasomatism although alteration proceeded to a similar maxi-
mum degree as in the fgsr inclusions.

Conclusions: This preliminary study provides the first modal
mineralogy of CAls by MicroSource XRD, allowing alteration
sequences to be assessed. CAls from less altered, primitive car-
bonaceous chondrites are the next target of this work, to further
investigate CAI formation and evolution.

References: [1] Bland, P. A., et al. 2004. MAPS 39:3-16. [2]
Grossman, L. 1975. GCA 39:433-454.
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A SUPERNOVA SILICATE FROM A CLUSTER IDP.

S. Messenger' and L. P. Keller'. 'ARES, Johnson Space Center,
Code SR, 2101 NASA Parkway, Houston TX 77058. E-mail:
scott.r.messenger(@nasa.gov.

Introduction: Abundant silicate stardust has recently been
discovered in meteorites and interplanetary dust particles (IDPs)
[1-5]. These grains were previously undetected owing to their
small sizes (0.2 — 1.0 m). Presolar silicates are estimated to con-
stitute 25 ppm of one meteorite (Acfer 094; [3]) and 450 — 5,000
ppm of IDPs [1,2]. Major questions remain regarding their de-
tailed mineralogy and stellar sources, owing to their small size
and the inability to chemically separate them from the far more
abundant solar system silicate matrices. This work is part of an
effort to determine the detailed mineralogy of presolar silicates.

Methods: The particle studied (L2011B10) is from cluster
#6, two other fragments of which are enriched in D and 5N [6].
70 nm thin sections of this IDP were deposited alternately on
TEM grids and a Au substrate. TEM analyses show that this is a
C-rich IDP containing enstatite, forsterite, GEMS, and FeS. Both
Au-mounted sections and TEM sections were subjected to O iso-
topic imaging with the Washington University NanoSIMS ion
microprobe. For each sample we acquired 6-10 image layers of
1617180y 2*Mg!%07, and *Si", acquired in multidetection, using a
2 pA, 50 nm Cs” primary ion beam.

Results: We have identified an isotopically unusual presolar
silicate that is enriched in 'O and depleted in 7O, by factors of
14 and 1/4 x solar respectively ('30/'°0 = .028, '70/'°0 = .0001).
The (500 nm) grain is identified as a Mg-rich silicate from its
relative Mg, Si', and O secondary ion signals compared with
those of silicate standards. While moderately '®O-rich presolar
oxides and silicates have previously been identified, most such
grains were also enriched in 'O, suggesting origins from high-
metallicity stars [7,8]. In contrast, the O isotopic composition of
this grain points toward an origin from a type II supernova
(SNII), as previously suggested for '®0O-rich presolar graphite
grains [9] and one Al,O; grain [10]. In SNII, the products of par-
tial He burning are ejected, escaping further processing in the
overlying H-burning zone before becoming incorporated into
dust — as is the case in lower mass stars. '*0 is produced in the
He/C shell of pre-SN stars by He-burning of "N, where abundant
"2C is also formed via the 3- process. This C-rich material must
be mixed with O-rich material in order to form silicates. The
lowest 70/*°0 ratios occur within the O/Ne and O/C zones, but
"0 is also efficiently consumed in the high temperature H burn-
ing zones of massive stars. Extensive mixing in SNII was in-
voked to explain the isotopic compositions of graphite and Al,O;
grains [10,11]. Additional isotopic measurements (e.g. Si) of this
grain are required to determine the mixing proportions from dif-
ferent zones. This will be possible if the grain is present in the
adjacent slices of the IDP, which contain enstatite, GEMS and an
unusual forsterite whisker in a similar location. If so, this will
enable the first detailed TEM study of a supernova silicate grain.

References: [1] Messenger S. et al. 2003. Science 300:105-
108 [2] Floss C. and Stadermann F.J. 2004. LPS 35, #1281 [3]
Nguyen A.N. and Zinner E. 2004. Science 303:1496-1499 [4]
Mostefaoui S. et al. 2004. LPS 35, #1593 [5] Nagashima K et al.
2004. LPS 35, #1661 [6] Messenger S. 2000. Nature 404:968 [7]
Zinner E. et al. 2003. Geochim. Cosmochim. Acta 67:5083-5095
[8] Nittler L.R. et al. 1997. ApJ 483:475-495 [9,10] Amari S. et al
1995, ApJ 447, L147 [10] Choi B-G. et al. 1998. Science
282:1284-1289 [11] Travaglio C. et al. 1999. ApJ 510:325-354
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PRODUCTION OF LIGHT P-PROCESS ISOTOPES OF
MO AND RU IN CORE-COLLAPSE SUPERNOVAE.

B. S. Meyer' and G. C. Jordan, IV'. 'Department of Physics and
Astronomy, Clemson University, Clemson, SC 29634-0978. E-
mail: mbradle@clemson.edu.

Introduction: The provenance of the solar system’s supply
of the light p-process nuclei ****Mo and ****Ru remains poorly
understood. Nucleosynthesis models that successfully reproduce
the abundances of the heavy p-process isotopes fail to account
for the light p-process isotope production [1,2]. This suggests
that an as yet not fully identified process is responsible for the
bulk of the production of ****Mo and ****Ru. We speculate that
expansions of high-entropy matter near the mass cut in core col-
lapse supernova may be that process. These ideas bear on the
isotopic signatures in presolar B grains with p-process and r-
process enhancements [3], on the isotopic effects in Mo in whole
rock samples [4], and on the production of the short-lived radio-
activity *°Nb [5].

High-Entropy Expansions: We have explored two types of
expansions of high-entropy matter near the supernova mass cut
for production of light p-process isotopes. In either of the two
expansions, we envision the material being ejected by the copi-
ous neutrinos from the cooling neutron star.

Alpha-rich freezeouts with neutrinos. Standard alpha-rich
freezeouts can produce light p-process isotopes if the electron-to-
baryon ratio Y, is near 0.48. However, these freezeouts never
have these isotopes as the most overproduced, so such models
cannot explain the solar system’s supply of ****Mo and ****Ru
[6]. We have recently shown, however, that if the expansion of
matter is relatively slow and the model includes on-going neu-
trino interactions, successful production of the light p-process
isotopes can occur [7].

Rapid expansions of proton-rich matter. We have also re-
cently shown that sufficiently rapid expansions of slightly pro-
ton-rich matter can also produce light p-process nuclei [8]. Here
a persistent disequilibrium between free nucleons and abundant
alpha particles plays a key role.

Discussion: In either of the two scenarios, the light p-
process isotopes would be among the last to leave the exploding
star. The neutrino-driven wind becomes increasingly neutron
rich as the nascent neutron star evolves, so it may be that r-
process isotopes follow from the same site a few tenths of a sec-
ond later. We may thus naturally expect a connection between
the r-process and the bulk of the p-process isotopes of Mo and
Ru. Interestingly, we find robust production of **Nb at the level
of *Nb/**Mo roughly 1 in the first scenario but little **Nb pro-
duction in the second.

References [1] Woosley S. E. and Howard W. M 1978. A4s-
trophysical Journal Supplements 36:285-304. [2] Rauscher T. et
al. 2002. Astrophysical Journal 576:323-348. [3] Savina M. et al.
2003. Abstract #2079. 34th Lunar & Planetary Science Confer-
ence. [4] Yin, Q., Jacobsen S. B. and Yamashita K. 2002. Nature
415: 881-889. [5] e.g. Yin Q.-Z. et al. 2000. Astrophysical Jour-
nal 536:L49-L53. [6] Hoffman R. D. et al. 1997. Astrophysical
Journal 460:478-488. [7] Meyer B. S. 2003. Nuclear Physics A
719:C13-C20. [8] Jordan G. C., IV and Meyer B. S. 2004, sub-
mitted to RIA Workshop Proceedings, Seattle, WA, Jan. 2004.



67th Annual Meteoritical Society Meeting (2004) 5136.pdf

FT-IR MICROANALYSIS OF MINERAL SEPARATES
FROM PRIMITIVE METEORITES: TECHNIQUES,
PROBLEMS AND SOLUTIONS

A. Morlok, G. C. Jones, M. MGrady, Department of Mineral-
ogy, The Natural History Museum, Cromwell Road, London
SW7 5BD, e-mail A.Morlok@nhm.ac.uk

Introduction: We compared several methods of infrared
micro spectroscopy using an FT-IR microscope and workbench.
This is part of a project tosaemble a database of infrared and
optical spectra from mineral separates from meteorites, for com-
parison with astronomical data.n8e we usually have to work
with small amounts of material (original grain sizes often
<50 m), special sample preparation and analytical procedures
have to be applied.

Techniques:For comparison, we mostly measured powdered
synthetic standard olivine with varying forsterite contentgdFo
Foy, Fos0, FOgo and Faqg) with all these vadus techniques [1].

The Perkin ElImer Spektrum One workbench was used for the
conventional transmission analysasing a pressed pellet consit-
ing of KBr and small amount slample. The workbench was also
used for diffuse reflectance measurements, where sample mate-
rial was analysed on a metal coated abrasive disc. For actual mi-
croanalyses, we used the Perkin Elmer Autolmage FT-IR Micro-
scope. Here infrared spectra have been taken from powdered ma-
terial as well a situ of polished tin sections.

We compared powders placed either on KBr-discs or in a
diamond compression cell. Also esgra of forsterites in de-
mounted thin sectionkave been measured siru using the
transmission mode. The spectral resolution used wa3.4cm

Results: Tab.1 shows the preliminary results ofsf-analy-
ses, using the average positiortlufee characteristic bands (S0
stretching modes; and 3).

In wave numbers (ct) Bandl Band2 Band3
Transmission Pellet 977.1 884.8 8357
Diffuse Reflectance 973.9 8835 836.3
Diamond Compression Ce 978.3 889.7 8394

Transmission (Micrscope) 974.7 886.6 835.0
Transmission (FgQ) (Thin Section) 968.5 893.3 838.6
Literature (Fey) [2] 984.3 885.7 840.3

Tab.1: Average position of three important mid-infrared
bands of Fg, olivine, obtained with several different techniques
(in wavenumbers ci). Note that the olivines from the situ
transmission and literature analyses have slightly different
forsterite compositions.

Generally, the band positions of thegf-powder measure-
ments in this study show only sthdifferences. The range is be-
tween 6.2crit and 4.4crt. This is close to the spectral resolution
of 4cm®. The in sizu transmission measurements show a more
significant divergence from ¢hpowders for band1 and band3.

The results from earlier studies [2] are similar, but in two
cases slightly higher thanethiesults of this study.

Reasons for these variances are probably effects of sample
thickness or incomplete coverage of the aperture (see [3])

References]1] Morlok A. et al 2004 in prep. [2] Koike et al.
2003. Astronomy&Astrophysics 399. [3] Hofmeister et al 2000.
Proceedings of the Conference”ISO beyond the Peaks” ESA SP-
456)
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FT-IR SPECTROSCOPY OF CAI AND CHONDRULES IN
PRIMITIVE CHONDRITES: TECHNIQUES AND FIRST
RESULTS

A. Morlok'; O. N. Menzies?, M. M. Grady 1Department of Min-
eralogy, The Natural History Museum, Cromwell Road, London
SW7 5BD, e-mail A.Morlok@nhm.ac.uk *Imperial College Lon-
don, South Kensington Campus, SW7 2AZ.

Introduction: CAls and chondrules are the earliest macro-
components formed in the solar system, and are thus an important
step in the formation of larger bodies: They are also a significant
stage in the evolution of interstellar dust to planets.

Here we present preliminary mid-infrared spectra of CAI
chondrules and matrix from the CV3.2 carbonaceous chondrite
Allende. This is part of our ongoing project to compile a database
of infrared and optical spectra of minerals and components of
primitive meteorites. These spectra should allow a better com-
parison with spectra from astronomical sources e.g. from dust
and molecular clouds or young solar systems.

Techniques: First, chondrules and CAI were handpicked
from gently crushed sample of Allende. The components were
cleaned with alcohol and dried. For the analyses, selected chon-
drules and fragments of CAI were crushed with an agate mortar
or a diamond compression cell to a fine powder (the Allende ma-
trix material was used without grinding). The CAI was also char-
acterized with XRD for its mineralogical composition. The infra-
red spectra have been taken with a Perkin Elmer Spectrum One
workbench, using the Diffuse Reflectance Accessory. The pow-
dered material was put on a metal coated abrasive disc, of which
a background spectra was taken before. Spectra were taken over a
wave number range from 4000 to 250cm™, with a spectra resolu-
tion of 4cm™. The results have been converted to absorbance
units using the Kubelka-Munk algorithm.

Results: Fig.1 compares the results for a chondrule, a com-
pact type A CAI (mainly Gehlenite and Grossular) - and matrix
material from Allende with a Fos, standard olivine. The chon-
drule spectrum is virtually indistinguishable from olivine analy-
ses. Similar, the matrix analysis reflects the dominance of olivine.
The spectra of the CAI fragment differs clearly and shows three
characteristic bands at 1011em™, 969cm™ and 912cm™
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Fig.1: FTIR spectra of components in Allende, compared
with a Fos, standard
References: [1] Morlok A.; Grady M. M. 2004 in prep.





