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NEUTRAL GAS AND ION MEASUREMENTS WITH THE 
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Mall2, and H. Rème3. 1Physikalisches Institut, Universität Bern, 
CH-3012 Bern. E-mail: jaeckel@space.unibe.ch. 2Max-Planck-
Institut für Sonnensystemforschung, D-37191 Katlenburg-
Lindau. 3Centre d’Etude Spatiale des Rayonnements, F-31028 
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Introduction: On March 2, 2004 the European Space 

Agency (ESA) successfully launched the Rosetta spacecraft that 
will rendezvous with comet 67P/Churyumov-Gerasimenko (C-G) 
in November 2014. Onboard this spacecraft is, among others, the 
ROSINA (Rosetta Orbiter Spectrometer for Ion and Neutral 
Analysis) instrument package comprising two mass spectrome-
ters, a cometary pressure sensor and a data processing unit [1]. 
The two mass spectrometers DFMS (Double Focusing Mass 
Spectrometer) and RTOF (Reflectron-type Time of Flight mass 
spectrometer) are designed to analyze the volatile material in the 
vicinity of C-G and to quantify the molecular and isotopic com-
position of C-G during the conjoint journey towards the Sun and 
throughout the perihelion passage. Here, we report on RTOF 
neutral gas measurements from space and the first RTOF ion 
measurements with a low energy ion source in the lab. 

RTOF Characterization: The RTOF sensor consists of four 
different parts [2]. The first part is the source region, in which 
two independent ion sources are located. The electron impact ion 
storage source is used to store ions which are continuously pro-
duced from incoming cometary neutrals by electron bombard-
ment. These ions are extracted by a short high-voltage pulse and 
are further accelerated into the time of flight system. In the sec-
ond source, the orthogonal extraction ion source, the incoming 
primary cometary ions are directly pulsed onto the time of flight 
path, again by means of a high-voltage pulse. The second part of 
the sensor is the time of flight section, which consists of the 
field-free drift path (length ~ 1 m) and two ion mirrors facing 
each other for multiple reflections of the ion trajectories. The 
RTOF sensor houses two separate MCP (multi channel plate) 
detectors (third part), one for the cometary neutrals and one for 
cometary ions. The fourth part of RTOF is the electronic box that 
houses eight electronic boards. 

Discussion: The RTOF sensor complements DFMS with an 
extended mass range from 1 to > 300 amu/e and a high sensitiv-
ity. An advantage of the RTOF sensor is that within 100 μs a full 
mass spectrum is recorded over the entire mass range. The re-
corded mass range is only limited by the signal accumulation 
memory. The mass resolution in the triple reflection mode is 
m/Δm > 4500 at the 50% peak height. During the calibration pro-
gram we could demonstrate that RTOF has a wide dynamic 
range. Therefore, in the environment of C-G, RTOF will be able 
to cope with highly variable outgassing rates and will measure 
the minor constituents of the volatile material. Species with par-
tial pressure < 10-12 mbar are detected. Measurements in the lab 
with a specially constructed low energy ion source [3] have been 
performed in order to calibrate the ion measurements of the 
RTOF sensor. This source has been designed to simulate the 
cometary ions which have energies well below 20 eV. 

References: [1] Balsiger H. et al. 2006. Space Science Re-
views (in press). [2] Altwegg K. et al. 2004. Astrophys. & Space 
Science Library. [3] Rubin M. 2006. PhD Thesis, Univ. Bern. 

69th Annual Meteoritical Society Meeting (2006) 5261.pdf



SUPERNOVA GRAPHITE GRAINS FROM ORGUEIL.  
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1Laboratory for Space Sciences, Washington University, St. 
Louis, MO 63130, USA. E-mail: manavijadhav@wustl.edu. 
*present address: Graduate School of Life and Environmental Sci-
ences, University of Tsukuba, Ibaraki 305-8572, Japan. 

 
Introduction: In previous studies [1-3], some of the graphite 

grains from the low-density fraction of Orgueil, ORG1d (  ~ 
1.75-1.92 g cm-3; grain sizes > 1  m), were found to have iso-
topic signatures in N, O, and Si that indicated a supernova (SN) 
origin. In a continued attempt to better understand SN graphite 
grains, we isolated ORG1d candidate grains from the large 
amounts (much larger than in graphite separates from Murchison) 
of macromolecular carbonaceous material, in which the graphite 
grains are often found embedded. This was done to reduce con-
tamination from this carbonacous material and, hence, facilitate 
the isotopic analyses. Here we present C, N, O, Si and Al-Mg 
isotopic data obtained with the NanoSIMS, for the grains of this 
fraction. The same grains will be analyzed for Ti isotopes and, 
eventually, heavy element isotopes (Sr, Zr, Mo, Ru, Ba) by reso-
nant ionization mass spectrometry (RIMS) with CHARISMA. 

Experimental: Spherical, carbonaceous grains identified by 
X-ray analysis in the SEM were picked with a micromanipulator 
and deposited on a gold-foil mount. Isotopic analyses of these 
grains were carried out in the NanoSIMS. Negative secondary 
ions of 12C, 13C, 12C14N and 12C15N (analysis phase 1) and, 16O, 
18O, 28Si, 29Si and 30Si (phase 2) produced by bombarding the 
sample with a Cs+ primary beam were counted in multidetection 
mode. In phase 3 of the analysis, positive secondary ions of 12C, 
24Mg, 25Mg, 26Mg and 27Al produced with an O– beam were de-
tected. 

Results and Discussion: 18 of the 41 candidate carbona-
ceous grains were found to be presolar, as indicated by their 
12C/13C ratios that vary from 6 to 910. We found 12 grains that 
contain 18O excesses, with 18O/16O ratios of up to 15 times the 
solar value. 8 of these grains also exhibit 15N excesses and 6 con-
tain 28Si excesses. These signatures indicate a SN origin for these 
grains [4]. In addition, 17 grains exhibit large 26Al/27Al ratios (up 
to 0.33) that were derived from 26Mg excesses. In Figure 1 we 
compare the 26Al/27Al ratios of these grains with those of graphite 
grains from the Murchison KE3 low-density fraction [4]. The 
high 26Al/27Al ratios we found now were probably not seen in the 
previous study of grains from ORG1d [3] because of the large 
24Mg and 27Al signals obtained from the contamination present 
on that mount. All the grains with 18O, 15N and 28Si excesses have 
high 26Al/27Al ratios indicating that they are bonafide SN grains.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References: [1] Jadhav M. et al. 2005. Abstract #1976. LPS 

XXXVI. [2] Jadhav M. et al. 2005. MAPS, 40, A75. [3] Jadhav M. 
et al. 2006. Abstract #2177. LPS XXXVII. [4] Travaglio C. et al. 
1999. ApJ, 510, 325-354. 
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U-PB DATA ON CLEAN MINERALS FROM NAKHLITES. 
E. Jagoutz, G. Dreibus, R. Jotter, A. Kubny, Zartman R., Max-
Planck-Institut f. Chemie, P.O. BOX 3060, D-55020 Mainz, 
Germany; jagoutz@mpch-mainz.mpg.de  
 

Introduction: Nakhlites constitute about one-fifth of about 
30 known Martian meteorites. Among the finds are the recently 
in the Antarctica discovered two nakhlites, Y-000593 and Y- 
000749 from the Yamato mountains [1] and MIL03346 found in 
the Miller Rang. All nakhlites have basaltic composition and a 
cumulate texture. From electron microscope (EM) and 
microprobe imagery the olivine and augite are seen to be zoned 
in major and trace elements. Our Pb and Nd isotopic results have 
already been presented at recent LPSC [2, 3], and here we report 
U-Pb results on ultra-clean mineral separates. Previously 
determined Rb-Sr and Sm-Nd mineral ages for Nakhla are about 
1.3 Ga. A similar 238U-206Pb age was measured on a 
baddeleyitecontaining residue fraction of the leached meteorite. 
However, for combined leach and residue fractions have 207Pb-
206Pb ages >2 Ga, and the Pb-Pb isochron plot show 
considerable scatter [2- 5]. In this study we try to better define 
the initial Pb isotopic composition of nakhlites. Plagioclase and 
pyroxene separates were obtained by hand-picking under the 
binocular microscope. The pyroxene was then further crushed to 
50μ, and separated into high-Fe and low-Fe fractions using a 
magnetic separator. Pyroxene analyses were made on only 
optically pure grains, and both pyroxene and plagioclase were 
additionally acid-washed to avoid surface contamination. The 
same technique was then applied to other nakhlites from the 
Antarctic NIPR collection and NASA (MIL03346) with similar 
results, indicating that all nakhlites may have the same age.  

Results: An identical initial Pb isotopic composition 
indicates that all of these meteorites were derived from the same 
homogeneous source. Moreover, it is strongly suggested by their 
initial Pb that the “olivine shergottites”, like SaU 005, DaG 476, 
and Y- 980459,as well as the basaltic shergottite QUE94201 [6], 
likewise come from this Nakhla source. While “normal” 
shergottites like Shergotty and Los Angeles for example are from 
sources having a more evolved Pb isotopic composition. “Olivine 
shergottites” are clearly younger than nakhlites. Their Sm Nd and 
Rb Sr isotopic systems are highly disturbed. Analyzing the 
existing data we favor an age of 800 my for the “olivine 
shergottites” which is also suggested by Ar-Ar systematic.  

The Nakhla reservoir was sampled at least 2 times: at 1300 
my (nakhlites) and at 800 my (olivine shergottites). However, the 
Pb isotopic composition plots close to the Geochrone at a 
238U/204Pb of about 2. This gives interesting implications for 
the evolution of this reservoir and their parent body.  

References: [1] Imae N. et al. 2002. Abstract #1483. 33rd 
Lunar & Planetary Science Conference. [2] Jagoutz E. and Jotter 
R. 2000. Abstract #1609. 31st Lunar & Planetary Science 
Conference. [3] Jagoutz E. et al. 2001. Abstract #1307. 32nd 
Lunar & Planetary Science Conference. [4] Chen J. H. and 
Wasserburg G. J. 1986. 17th Lunar and Planetary Science 
Conference. pp. 113– 114. [5] Nakamura N. et al. 1982. 
Geochimica et Cosmochimica Acta 46: 1555-1574. [6] Gaffney 
A. M. et al. 2006. Abstract #1483. 37th Lunar & Planetary 
Science Conference.  
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SECONDARY FAYALITE IN THE VIGARANO CV3 
CARBONACEOUS CHONDRITE: OCCURRENCE AND 
FORMATION AGE 
K. Jogo1, T. Nakamura1 and T. Noguchi2. 1Department of Earth 
and Planetary Sciences, Kyushu University, Fukuoka, Japan. 
E-mail: kaori@geo.kyushu-u.ac.jp, 2Department of Materials and 
Biological Sciences, Ibaraki University, Ibaraki, Japan 
 

Introduction: Vigarano meteorite, classified to reduced sub-
group of CV3 chondrite (CV3Red) [1], is one of the most primitive 
solid materials in the solar system.  However, it comes to be 
known that Vigarano experienced very weak aqueous alteration, 
which results in formation of secondary fayalite [2].  In the present 
study, we made detailed characterization of many fayalite grains 
in Vigarano and then determined formation age of the fayalite 
based on Mn-Cr system using an ion probe at Kyushu University, 
in order to constrain the early evolution of a CV3Red Vigarano 
asteroid.  

Results and discussion:  The SEM and FE-SEM observation 
indicates that, among twenty-three chondrules investigated, only 
four POP chondrules have fayalite-magnetite-troilite veins (~10 x 
100  m in size) that extend from large troilite-magnetite inclu-
sions at chondrule surfaces to exterior matrix.  Fayalite grains in 
the veins are smaller than 20  m in size.  The four POP chondrules 
having the veins have fine-grained rims around them.  The rims 
and the enclosing chondrules comprise discrete clasts which can 
be recognized by the boundary lines to Vigarano host by SEM 
observation.  The fayalite-magnetite-troilite veins terminate at the 
boundary.  The mineralogy of the clasts suggests that they are 
probably Bali-like oxidized material CV3OxB [3, 4]. 

Within the fayalite grains iron–magnesium zoning is com-
monly observed: high Fa# at the center and low Fa# at the rim 
(Fa#=95-72).  This indicates that at the early stage of the alteration 
almost pure fayalite formed and later the rim of the fayalite be-
came enriched in MgO, approaching equilibrium with matrix oli-
vine (Fa 50).  Ion-probe analysis was performed on an interior 
portion of the biggest fayalite (10 x 20  m in size, Fa95 at the 
center, and high MnO content of 0.6 wt%).  The Mn-Cr data for 
the fayalite defines an initial 53Mn/55Mn ratio of (2.19 ± 0.53) × 
10-6.  This ratio indicates that Vigarano pure fayalite formed 3 ± 1 
Ma before Angrite.  An absolute age was also determined to be 
4561±1 Ma.  The obtained age corresponds to the time of pure 
fayalite formation induced by early aqueous alteration in a CV 
asteroid. 

CV3Red Vigarano meteorites consist of both CV3OxB and 
CV3Red materials.  This implies that Vigarano is a breccia.  The 
preferential occurrence of fayalites in the clasts of CV3OxB sug-
gests that the fayalite formation did not take place in situ in the 
present structure of Vigarano: the fayalites had formed in a dif-
ferent location of the Vigarano asteroid or in a different CV as-
teroid where the alteration was very active.  The obtained fayalite 
formation age of Vigarano is identical within errors to that of 
CV3OxB Mokoia [5] and CV3OxB Kaba [6].  This identical match 
indicates that the CV3OxB clasts in the Vigarano CV3Red meteorite 
formed in the period same as other CV3OxB meteorites. 

References: [1] McSween H. Y. Jr. 1977. Geochimica et Cosmo-
chimica Acta 41: 1777-1790. [2] Krot A. N. et al. 2004. Antartic Meteorite 
Research 17:153-171. [3] Krot A. N. et al. 2000. Meteoritics & Planetary 
Science 35:817-825. [4] Weisdberg M. K. and Prinz M. 1998. Meteoritics 
& Planetary Science 33:1087-1099. [5] Hutcheon I. D. 1998. Science 282: 
1865-1867. [6] Hua X. et al. 2004. Geochimica et Cosmochimica Acta 69: 
1333-1348. 
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TEXTURAL EVIDENCE FOR MELT PROCESSES ON 
THE PALLASITE PARENT BODY 
D.Johnson1, R.Hutchison2 and M.M.Grady 1,2. 1Open University, 
Walton Hall, Milton Keynes, MK7 6AA, United Kingdom. E-
mail: D.Johnson@open.ac.uk., 2Natural History Museum, 
London SW7 5BD, UK. 

 
Introduction: Pallasites are generally ~50:50 mixtures of 

iron-nickel metal and olivine; iron sulphides are normally present 
only as a minor phase. We have recently described [1] a new 
unusually sulphide-rich pallasite. Irregular distribution of its 
metal, sulphide and olivine yields clues to the origin and 
evolution of main group pallasites. It has been suggested [2,3] 
that cooling and evolving IIIAB iron metallic melt should form 
two immiscible liquids when the sulphur to phosphorous ratio 
exceeds 25. We have observed textures that support this view. 

Observations:  The meteorite has marginal, olivine-rich 
regions composed of sub-rounded, ~cm-sized crystals forming a 
granular mosaic. Towards the interior, this gives way to metal-
rich or sulphide-rich regions in which the olivines tend to be 
fragmented, angular and smaller in size. There seems little doubt 
that where metal is host to angular olivine, the silicate was solid 
and brittle when enveloped in molten metal [4]. A similar textural 
relationship exists between olivine and sulphide, but the latter 
intrudes the olivines as fracture-filling veins <1mm thick that 
carry sub-rounded to angular sub-mm fragments of olivine. 
Sulphide veining commonly occurs to the exclusion of metal. 

Discussion: The ability of sulphide to have been injected 
along sub-mm channels indicates that it was more fluid than 
metal. The tendency for metal and sulphide to be segregated is 
consistent with their occurrence as two immiscible liquids, as 
attested by the textural relationship between olivine fragments 
and metallic or sulphide hosts. 

Conclusion: The new pallasite provides strong support for 
the separation of immiscible metallic and sulphide-rich liquids 
during pallasite genesis. Such evidence had previously been 
sought [3], but until now, was lacking. 

References: [1] Abstract: Johnson D., Hutchison R., Grady 
M. M. & Kirk C. (this volume). [2] Űlff-M¢ller F. 1998. 
Meteoritics & Planetary Science 33: 207-220. [3] Űlff-M¢ller et 
al. 1998. Meteoritics & Planetary Science 33: 221-227. [4] Scott 
E.R.D. 1977. Geochimica et Cosmochimica Acta 47: 693-710.  
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HAMBLETON - A NEW SULPHUR RICH PALLASITE 
D.Johnson1, R.Hutchison2, C Kirk2 and M.M.Grady 1,2. 1Open 
University, Walton Hall, Milton Keynes, MK76AA, United 
Kingdom. E-mail: D.Johnson@open.ac.uk. 2Natural History 
Museum, London, SW7 5BD, UK. 

 
Introduction: A new pallasite, a single mass of 17.6 kg, was 
found south of Hambleton, North Yorkshire, by R and I Elliott in 
August 2005. The mass is composed of  ~60 vol % olivine, ~25 
vol% metal and ~15 vol% sulphide. The phases are irregularly 
distributed and highly weathered. There follow the results of a 
study by optical and analytical scanning electron microscopy. 

Observations: Olivine occurs as cm-sized sub-rounded 
crystals in a granular mosaic. Many contain sub-parallel sets of 
fractures, some of which are annealed, while others are filled 
with metal or sulphide. In metal-rich or sulphide-rich areas 
olivines are fragmented and angular to sub-angular and veined by 
metal or sulphide respectively. Some regions <5cm in size are 
composed entirely of olivine crystals enclosed within troilite. 
Olivine is Fo88.3, and together with the oxygen isotopic ratios: 
δ17O = +1.383‰; δ18O = +3.029‰; δ17O = -0.187‰, indicate 
that the meteorite is a main group pallasite. From the olivine-rich 
exterior, weathering has penetrated for 4-5 cm towards the 
interior of the mass. The weathered, olivine-rich outer portion is 
brittle and prone to disintegration. A blue secondary mineral rich 
in Mg, P and Fe was shown by XRD to be baricite (Mg, Fe)3 
(PO4)2.8H2O. Much of the metal has succumbed to terrestrial 
oxidiation, especially low-Ni phases such as kamacite, cloudy 
taenite or plessite. The sulphide is more susceptible to terrestrial 
alteration than the metal. 

Discussion: Metal rich regions are consistent with the view 
of Scott [1] that pallasites formed by the injection of metallic 
liquid into dunite. Evolved metallic melts, related to IIIAB irons, 
should be sulphur-rich. Paucity of sulphide in pallasites led Ulff-
Moller et al [2] to suggest that either FeS-rich liquid was lost or 
formed pallasites that are underrepresented in our samples. 

Conclusion: With Phillips County (pallasite), Hambleton is a 
rare FeS-rich pallasite. 

References:  
[1] Scott E.R.D. 1977. Geochimica et Cosmochimica Acta 47: 
693-710. [2] Űlff-M¢ller et al. 1998. Meteoritics & Planetary 
Science 33: 221-227. 
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THE PETROGRAPHY AND GEOCHEMISTRY OF 
LUNAR METEORITE     REGOLITH BRECCIA MET 
01210.   
K.H. Joy1,2, I.A. Crawford1 and S.S. Russell2. 1University Col-
lege London, UK. K.Joy@ucl.ac.uk. 2 The Natural History Mu-
seum London, UK. 

 
Introduction: MET 01210 [1] is an anorthosite bearing ba-

saltic lunar regolith breccia [2] that is dominated by clast and 
mineral fragments consolidated in a predominately mare region 
of the Moon [3]. The MWG sections studied in this investigation 
(MET 01210,21 and MET 01210,27) have vesicular fusion crusts 
and are composed of an immature breccia sample with rock 
(<4mm) and mineral fragments (<1mm) fused in a fine grained 
crystalline and glass matrix.  
Analytical Methods: Mineralogical analysis was done at the 
NHM using a WDS Cameca SX-50A and elemental mapping was 
performed using a LEO 1455VP EDS SEM fitted with Oxford 
Instrument’s INCA analysis software.  

Observations: Mare basalt fragments in MET 01210 have a 
range of textures. Examples of mare material include rapidly 
crystallized fine grained clasts that have a distinctive feathery or 
plumose texture with a low-Ti affinity. Holocrystalline, coarser 
grained ferro-basalt fragments have large zoned pyroxenes 
(<500µm En1-47 Fs27-86 Wo10-30), evolved Low-Ti-VLT bulk 
compositions and some examples include small fractionated 
mesostasis assemblages (silica, fayalite, K-feldspar, glass, apa-
tite, whitlockite). Additional clasts of very fine grained / granular 
symplectites of silica, fayalite and hedenbergite are the collective 
break-down products of pyroxferroite. Mineral fragments in the 
matrix are predominantly associated with a fractionated mare 
basalt parentage. 

MET 01210 also contains a non-mare anorthositic component 
including fragments of anorthositic norite, feldspathic meta-
igneous clasts and granulites with Mg-rich mafic phases. Addi-
tional material in our sections includes small fragments of feld-
spathic impact melt derived rocks, glass beads (20-100 µm: in-
cluding one with a HASP composition [4, 5]) and small melt 
veins. 

Discussion: The mineralogical and clast assemblage of MET 
01210 is dominated by Fe-enriched, low-Ti mare basalt material 
with a minor anorthositic component. The bulk rock composition 
was reported by [3] and is similar to typical average mare soils 
with elevated Al2O3 and depleted MgO as a consequence of addi-
tional mixing with anorthositic material. Bulk rock Th (0.86ppm 
[3]) is comparatively low for mare regolith breccia material [7] 
suggesting that the mare components in MET 01210 did not ex-
perience KREEP assimilation and are likely to have been em-
placed distally to the PKT.  

References: [1] Russell S.S. et al. 2004. The Meteoritical 
Bulletin, No. 88, Meteoritics & Planetary Science 39, A215-
A272 [2] Korotev, R.L. 2005. Chemie der Erde 65, pp. 297–346. 
[3] Joy K.H. et al. 2006. Abstract #1247. 37th Lunar & Planetary 
Science Conference. [4] Kempa M. J. & Papike J. J. (1980) 
11th Lunar and Planetary Science Conference. pp. 609–610. [5] 
Huber H. and Warren P. H. (2005) Abstract #2401. 36th Lunar & 
Planetary Science Conference. [6] Heiken et al. 1991. The Lunar 
Sourcebook. pp 450-451. [7] Korotev R.L. 2001. Abstract #1234. 
32nd  Lunar & Planetary Science Conference.  
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A POSSIBLE AD552 COMET SIGHTING IN JAPAN AND 
ITS PARALLELS WITH COMETARY PHENOMENA 
ASSOCIATED WITH THE SARASVATI RIVER OF 
ANCIENT INDIA.    
Robert A. Juhl, Independent researcher, Penang, Malaysia,  E-mail: 
AD552@mac.com; and RN Iyengar, Department of Civil Engi-
neering, Indian Institute of Science, E-mail: rni@civil.iisc.ernet.in. 
 

Introduction: The Enoshima Engi (EE) was written in 
AD1047 by the Japanese monk Kokei. The narrative mentions 
spectacular phenomena that took place in the early summer of 
AD552, including dark clouds covering the sea, earthquakes, the 
appearance of a bright goddess (Benzaiten/Sarasvati) above the 
clouds, boulders falling from the sky, lightning-bolts, rocks and 
sand spurting up from the sea, flames on the water, the emergence 
of an island, and the descent of the goddess onto the island. In 2003 
Juhl translated and studied parts of the EE  [1]. 

The Prabhasa-ksetra-mahatmya book (PK) of the Skanda-
purana contains references to similar phenomena associated with 
the Sarasvati River. In 2004 Iyengar published an article on comet-
related phenomena in the PK [2]. 

Discussion: Following is a list of possible comet-related paral-
lels in the PK. All parallels with the EE listed below are from Juhl 
[1]. 

The PK mentions objects making holes in the ground in asso-
ciation with a smoky demon [3]. The EE parallel is the "dark 
clouds covering the sea" and "great boulders descending from 
above the clouds". 

In one episode, the Sarasvati River, carrying fire, enters the 
ocean. Iyengar translates: "With fire in his hand, the ocean lit up... 
Due to the gases emanating from the sea, the waters overflowed…" 
[4] The EE parallel is the description "flames flickered amidst the 
white-tipped waves". 

The level of the sea apparently rose and dropped. Iyengar 
writes: "… after the fire started burning, initially the sea exceeded 
in its boundaries but later the coast started receding… In the 346th 
chapter, there is reference to large-scale loss of life associated most 
probably with a … tsunami" [5]. The EE parallel is the loss of life 
as the dragon (the floodwaters) invaded the villages. 

The PK has a chapter entitled Sarasvati-avatara-mahima-
varnanam, meaning "description of the purpose of the avatara (de-
scent) of Sarasvati" [6]. The EE parallel is the descent of Benzaiten 
from the sky. 

Iyengar comments on a related story: "The further verses indi-
cate that a metallic object eventually landed on earth, leading to 
earthquakes…" [7]. The EE parallel is the earthquakes before the 
descent of the goddess. 

Conclusions: Most of the phenomena described in the EE are 
similar to phenomena in the PK. However, they are not copies, 
only similar. The presence of similar phenomena in unrelated In-
dian and Japanese records suggest that the phenomena actually did 
take place substantially as described. A fuller account of the paral-
lels is on the Internet [8].  The phenomena may be comet/meteor 
related and deserve further investigation. 

References: [1] Juhl, 2003. http://www2.gol.com/users/terukoj/ 
TranslationSeg-2.html and http://www2.gol.com/users/bartraj/goddess 
index-1.html. [2] RN Iyengar. Profile of a Natural Disaster in Ancient San-
skrit Literature, Indian Journal of History of Science, 39, 1, 11-49, 2004, 
available as pdf at http://civil.iisc.ernet.in/~rni/ancientdisaster.pdf. [3] Iyen-
gar. 2004, pg 7. [4] Iyengar. 2004, pg 11. [5] Iyengar. 2004, pgs 11 and 16. 
[6] Iyengar. 2004, pg 16. [7] Iyengar. 2004, pg 22. [8] Juhl. Parallels be-
tween the Celestial and Terrestrial Phenomena at Enoshima and Similar 
Phenomena Associated with the Sarasvati River of Ancient India, 
http://www2.gol.com/users/bartraj/ParallelsWSarasvatiR.html 
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ION MICROPROBE REE ANALYSES OF THE YAMATO 
983885 LUNAR METEORITE 
H. Kaiden1,2 and T. Arai1. 1Antarctic Meteorite Research Center, 
National Institute of Polar Research, Tokyo 173-8515, Japan. E-
mail: kaiden@nipr.ac.jp. 2Department of Polar Science, School of 
Multidisciplinary Sciences, The Graduate University for Ad-
vanced Studies, Tokyo 173-8515, Japan. 

 
Introduction: Yamato (Y) 983885 is a polymict regolith 

breccia derived from the Moon [1].  The meteorite contains vari-
ous lunar crustal rocks such as Mg-rich rocks and a KREEP ba-
salt, which is first reported among the lunar meteorites [2].  Here 
we report a preliminary ion microprobe REE data for individual 
minerals from the Y983885 lunar meteorite and implications for 
parent melt compositions of the Mg-rich clasts to better under-
stand their connection to KREEP. 

Sample and Methods: A polished thin section (PTS) 
Y983885,59-2 used in this study is described in detail by Arai et 
al. [2].  Ion microprobe analyses were carried out on the 
SHRIMP II at the National Institute of Polar Research, Japan.  A 
modified energy filtering technique [3] was used to discriminate 
against complex molecular interferences. 

Results and Discussion: Y983885 contains a variety of 
clasts consisting of a KREEP basalt, a Mg-rich troctolite/norite, a 
high-Al basalt, a very low-Ti basalt, and a granulite originated 
from ferroan anorthosite [2].  In this study, we focus on the Mg-
rich troctolite, which is comprised of Ca-rich plagioclase (59.6 
vol%), Mg-rich olivine (23.4 vol%), low-Ca pyroxene (15.5 
vol%), and other minor/trace phases [2].  Two spots on plagio-
clase and three spots on pyroxene in the troctolite were analyzed.  
Plagioclase is LREE-enriched with La ∼ 10 × chondrite and Lu ∼ 
0.5 × chondrite and displys a large positive Eu anomaly.  Pyrox-
ene is La ∼ 1 × chondrite and Lu ∼ 20 × chondrite with a negative 
Eu anomaly.  These chondrite-normalized REE abundances of 
each mineral are broadly consistent with previous ion microprobe 
studies of Apollo samples [4, 5].  Using these REE abundances 
with appropriate partition coefficients, we can calculate the par-
ent magma compositions, which can demonstrate a connection 
between Mg-rich rocks and KREEP basalt.  

References: [1] Kaiden H. and Kojima H. 2002. Antarctic 
Meteorites XXVII:49−51. [2] Arai T. et al. 2005. Antarctic Me-
teorite Research 18:17−45. [3] Ireland T. R. et al. 1994. Earth 
and Planetary Science Letters 128:199−213. [4] Papike J. J. et al. 
1996. Geochimica et Cosmochimica Acta 60:3967−3978. [5] 
Shervais J. W. and McGee J. J. 1998. Geochimica et Cosmo-
chimica Acta 62:3009−3023. 
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DEMONSTRATION OF CRYSTAL FORSTERITE AND 
STALL STATE GRAIN FORMATIONS 
C. Kaito1, S. Sasaki, Y. Miyazaki, M. Kurumada, A. Kumamoto, 
H. Suzuki, Y. Kimura and C. Koike3. 1Department of Nanophys-
ics in Frontier Projects, Ritsumeikan University, Shiga 525-8577, 
Japan. E-mail: Kaito@se.ritsumei.ac.jp, 2Laboratory of Physics, 
Kyoto Pharmaceutical University, Kyoto 607-8414, Japan. 

 
Introduction: Astromineralogy has been started due to the 

presence of crystalline silicate dust by the Infrared Space Obser-
vatory and detection of presolar grains [1]. Some experiments 
based on gas-solid condensation from Mg-Fe-SiO-H2-O2 vapors, 
yielded various phases without olivine or enstatite crystals [2, 3]. 
We demonstrated the film condensed from vapor phase of SiO 
and Mg by co-evaporation from different evaporation sources 
were not mixed at room temperature [4]. Forsterite crystal grains 
were produced by dropping SiO powder into MgO flame in a 
mixture gas of Ar and O2 [5], and/or the coalescence growth of 
Mg and SiO smokes [6] or MgO and SiO2 smokes [7]. In the pre-
sent paper, we showed that the forsterite crystal and stall state 
grains were produced by the simultaneous flush evaporation 
technique of different mixture powders of Mg and SiO, i.e. dif-
ferent mixture ration of Mg and SiO vapor was important factor 
for the formation of amorphous stall and crystal forsterite forma-
tion. 

Experimanetal: Mixtures of Mg and SiO powders of differ-
ent weight ratios were prepared, i.e., Mg: SiO = 1:1, 1:2, 1:3 and 
1:4. These mixture powders were droped on a heated V-shaped 
Ta boat at 2000°C in a mixture of Ar (70 Torr) and O2 (10 Torr) 
gases. The dropped mixture powders were evaporated before 
they reached the boat in the mixture gas. Therefore smoke parti-
cles were produced.  

Results and Discussion: The 1:1 and 1:4 mixture ratio sam-
ples showed typical crystal and amorphous grains. Amorphous 
particles were composed of spherical of 100 nm order. The 
Mg2SiO4 crystal grains showed the polyhedral shape. With the 
increment of SiO powder, the spherical Mg2SiO4 crystal grains 
were selectively produced. The spherical grains produced from 
the powder with 1:3 ratio showed the amorphous grains. HRTEM 
image of this particles showed the existence of micro crystallites 
with the size of 2 nm order which can be identified as the 
Mg2SiO4 crystallites by HRTEM. The IR spectrum of this sample 
showed the stall state which was postulated in the paper on the 
infrared changes observed in magnesium silicates during thermal 
annealing [8, 9]. The spectrum of 1:3 specimen corresponds to a 
silicate revolution index (SEI) of 0.78-2.00 of the stall state. The 
crystalline and amorphous absorption spectra different with the 
stall state are clearly elucidated. 

References:[1] Henning Th. et al. 2002. Astromineralogy.  
[2] Nuth III. J. A. et al. Experiments on Cosmic Dust Analogies. 
1988. pp. 191. [3] Rietmeijer F. J. M. et al. 1999. 527:395. [4] 
Suzuki N. et al. 2000. Meteoritics & Planetary Science 35:269-
1273[5] Kaito C. et al. Geomagnetism and Geoelectricity. 1993. 
45:103. [6] Kaito C. et al. Meteoritics Planet. Sci. 2003. 38:49. 
[7] Kamitsuji K. et al. A&A. 2005. 429:205. [8] Hallenbeck S. L. 
and Nuth J. A. Ap&SS. 1998. 255:427. [9] Hallenbeck S. L. et al. 
ApJ. 2000. 535:247-255. 
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THE COSMOCHEMICAL Cs-PROBLEM.  
A. P. A. Kallio and T. R. Ireland. Research School of Earth Sci-
ences, Australian National University, Canberra ACT0200, Aus-
tralia. E-mail: antti.kallio@anu.edu.au. 

 
The alkali elements are relatively abundant and highly in-

compatible, and therefore useful for studying planetary differen-
tiation. Alkali elements are also both volatile and fluid mobile 
and hence difficult to constrain. The constituents of primitive 
chondrites have experienced various degrees of hydrous altera-
tion and thermal processing and it is uncertain whether the meas-
ured values of Rb and Cs from bulk meteorites represent the solar 
system. There are no measurements of the Cs content of the sun 
and the solar values for Rb are not the same as for CI meteorites 
[1]. Without a good reference frame from meteorites and solar 
measurements, it is difficult to model the Rb and Cs abundances 
in the primitive mantle of the Earth. 

A 50% nebular condensation temperature is often used as a 
measure of volatility for an element. However, condensation 
temperatures for specific elements are model dependent and can 
vary a lot. Heating experiments of primitive meteorites show 
variable fractionations of Rb and Cs so the retentivity of these 
elements is definitely host dependent and the quantification of 
volatile behavior is not straight forward. For example, bulk Mur-
chison (CM2) is depleted in volatile elements compared to CIs, 
but has the same Rb/Cs ratio. The contributions from thermal and 
aqueous processing in the bulk values are unclear. 

To take hydrous alteration out of the equation, olivine-hosted 
glass inclusions from the Murchison (CM2) meteorite have been 
analysed with electron microprobe, SHRIMP and LAICPMS, to 
study the distribution of Rb and Cs and other trace elements in 
these primitive materials. CI normalised patterns for refractory 
elements are flat for both glass inclusions and bulk Murchison. 
Volatile elements Rb, Cs and Pb are depleted in glass inclusions 
relative to the refractories, with increasing depletion in that or-
der. The Rb/Cs ratios in the glass inclusions are significantly 
higher than bulk Murchison (and CI), which could either be in-
herited from the source of the inclusions or possibly caused by 
thermal volatilisation during formation of the inclusions and their 
hosts. 

References:[1] Asplund, M. et al. 2005. In: Cosmic Abun-
dances as Records of Stellar Evolution and Nucleosynthesis, ASP 
Conference Series. Vol XXX, pp.1-14.  
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CATHODOLUMINESCENCE AND RAMAN 
SPECTROSCOPY OF SHOCKED FELDSPAR WITH PDFs  
M. Kayama1, T. Okumura1, H. Nishido1, K. Ninagawa2 and A. 
Gucsik3. 1Research Institute of Natural Sciences, Okayama Uni-
versity of Science 1-1 Ridai-cho, Okayama, 700-005, Japan. E-
mail: kayama@rins.ous.ac.jp. 2Department of Applied Physics, 
Faculty of Science, Okayama University of Science 1-1 Ridai-
cho, Okayama, 700-005, Japan. 3University of West Hungary 

 
In some of alkali feldspar and plagioclase samples, short and 

closely spaced Planar Deformation Features (PDFs) are com-
bined with relatively larger and more widely spaced features (de-
formation band or albite twining) to produce a distinctive ladder 
texture, which occurs as parallel planar optical discontinuities. 

Shock-induced PDFs in feldspar have been less studied and 
less well characterized than those in quartz because of greater 
optical and structural complexity. Some of PDFs in feldspar are 
clearly visible in the CL image, but do not appear in SEM and 
BSE images. Moreover CL image allows more detail observation 
of PDFs than optical microscope because of high resolution (~1 
μm) by the SEM-CL technique. In this study we have character-
ized PDFs in feldspar using SEM-CL and 3D Raman spectros-
copy. 

Alkali feldspar and plagioclase with PDFs from Ries Crater 
were selected in polished thin sections under optical microscope. 
Experimentally shocked synthetic plagioclase (An40) was em-
ployed for a reference sample. CL image and spectra were ob-
tained using a CL scanning electron microscopy (SEM-CL), of 
which system was comprised of SEM (JEOL: JSM-5410) and a 
grating monochromator (Oxford: Mono CL2). Raman spectra and 
3D Raman map were collected by a micro-Raman spectrometer 
(Thermo Nicolet: Almega) with CW laser excitation (532 nm). 

CL spectra of plagioclase (An50) from Ries Crater have three 
broad peaks around at 450, 560 and 700 nm, which can be as-
signed to defect center, Mn2+ activation center and Fe3+ activa-
tion center, respectively. Alkali feldspar (Or70) from Ries Crater 
shows a broad CL peak at around 460nm attributed to defect cen-
ter. In CL image, PDFs in both shocked alkali feldspar and pla-
gioclase are observed as thin dark lines superimposed on the 
more brightly luminescence background of the alkali feldspar 
and plagioclase grains. The thin dark lines correspond to PDFs, 
which have been recognized under optical microscope. 

Experimentally shocked plagioclase at 40 GPa shows two 
broad peaks around at 450 and 620 nm related to defect and Mn2+ 
activation centers, respectively, whereas Mn2+ center in un-
shocked one is appeared as a broad peak at around 580 nm. PDFs 
in shocked plagioclase were observed under optical microscope, 
and also can be detected in CL image, which is similar to that of 
shocked plagioclase from Ries Crater. 

3D Raman spectral image at 505 cm-1 over a sectional area of 
PDFs in shocked plagioclase from Ries Crater indicates no ap-
parent linear patterns suggesting planar features, whereas ex-
perimentally shocked plagioclase at 40 GPa exhibits linear stripe 
texture in 3D Raman map, which corresponds to that CL image. 
Such difference in 3D Raman map might be at least partly re-
sponsible for heating effect at shock event. 
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CALIBRATION FOR STARDUST CRATERS IN 
ALUMINUM FOIL: INTERPRETATION OF COMETARY 
PARTICLE PROPERTIES BY COMPARISON WITH 
LABORATORY IMPACTS OF MINERAL, POLYMER, 
AND GLASS GRAINS. 
 
A.T. Kearsley 1, M. J. Burchell2, P. Wozniakiewicz1,4, M. J. 
Cole2, G. A. Graham3, R. J. Chater4, Z. Dai3, N. Teslich3, F. 
Horz5 and C. Schwandt5:  1 Natural History Museum, London, 
SW7 5BD, UK; 2 University of Kent, Canterbury, Kent CT2 
7NH, UK; 3 LLNL, Livermore, CA 94550, USA 4 Imperial Col-
lege of Science, Technology and Medicine, London, SW7 2BP, 
UK; 5 NASA Johnson Space Center, Houston, TX 77058, USA. 
 

Introduction: A unique opportunity to study cometary parti-
cles has been provided by successful return of Stardust [1]. It is 
important to understand original grain size, extent of structural 
damage and any elemental fractionation suffered by particles 
during capture, if full interpretation is to be realised. We have 
simulated impacts on Stardust Al foil, using a suite of mineral 
powders accelerated by light gas guns [2] to 6.1 kms-1 with per-
pendicular incidence. Our aim has been to produce an accurate 
comparison by use of well characterised materials with appropri-
ate grain size and composition. 

Experimental and Analytical Techniques: 27 buckshot fir-
ings onto Al1100 foil were performed at the University of Kent 
and NASA/JSC. Soda lime glass bead samples of narrow size 
dispersion were used for size calibration. Mineral projectiles 
were selected to reflect likely and possible species in cometary 
dust [3] and included olivine, ortho- and clino-pyroxenes, calcic 
feldspar, kamacite, pyrrhotite, magnetite, silicon carbide, corun-
dum, spinel, hibonite, sodalite, calcite, dolomite, breunnerite, 
gypsum, cronstedtite, lizardite and saponite. Other projectiles 
included poly-methyl methacrylate, powdered Orgeuil CI chon-
drite and basalt glass. Soda lime glass craters were measured for 
a size calibration of cometary dust [4]. Energy dispersive X-ray 
analyses were performed in situ, and on residue material ex-
tracted by focused ion beam microscopy (FIB) techniques [5]. 

Results and Discussion: The shots yielded thousands of cra-
ters on foils. Scanning electron microscopy and FIB revealed 
abundant residue in the crater interior and rim areas with much of 
the original projectile retained, mostly melted, yet on occasion 
preserving some crystalline fragments. Comparison of projectile 
and residue compositions showed that mineral residues can be 
identified reliably. Analytical transmission electron microscopy 
of residue FIB ultrathin sections has shown almost all major ele-
ments are retained in substantially original proportions, although 
there is some depletion of sodium and sulfur. Study of the foil 
craters will not only provide an accurate measure of flux vs. par-
ticle size, but will also complement composition studies of parti-
cles in aerogel. Samples of our projectile impacts are available on 
request for further characterization in other laboratories. 
References: [1] Tsou P. et al. 2004. Journal of Geophysical Re-
search 108 (E110):8113 [2] Burchell M. J. et al. 1999. Measure-
ment Science and Technology 10:41-50. [3] Rietmeijer F. J. M. 
1998. In: Papike J. J. (ed.) Planetary Materials. pp. 2.1-2.87; 
[4] Kearsley A.T. et al. 2006. Meteoritics and Planetary Science. 
41:167-180 [5] Graham G.A. et al. 2006. Meteoritics and Plane-
tary Science. 41:159-165. 
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ANALYSES OF NEAR-IR, SPECTROSCOPIC DATA 
FOR MEMBERS OF ASTEROID FAMILIES WITH 
MIXED TAXONOMIES.  
M. S. Kelley1 and M. J. Gaffey2. 1Department of Geology 
and Geography, Georgia Southern University, Statesboro, 
GA 30460. E-mail: mkelley@georgiasouthern.edu. 
2Department of Space Studies, University of North Da-
kota, Grand Forks, ND 58202. 

 
It is generally accepted that large, taxonomically het-

erogeneous asteroid families, such as the Koronis and 
Maria families, are “real” or “genetic.”  That is, the mem-
bers of such a family are derived from a common parent 
body.  This is probably a safe assumption for collisionally 
young families – those that form dense clusters in orbital 
element space.  But the same is not true for collisionally 
old families, and particularly those with mixed taxono-
mies.  Not only do dynamical family classification systems 
disagree on the membership and existence of small fami-
lies, but in the face of taxonomic, or spectroscopic, hetero-
geneity such clusters are not considered real in a composi-
tional sense.  One should keep in mind that taxonomic 
homogeneity does not automatically mean genetic reality 
for an asteroid family.  For example, the mineralogical di-
versity within the S-class asteroids effectively rules out a 
common origin for all of these objects.   

Complete differentiation of a parent body with, for ex-
ample, an ordinary chondrite starting composition could 
result in an asteroid with a metallic core, an olivine-
dominated mantle, and a basaltic crust.  The disruptive col-
lision of such an object could yield asteroid family mem-
bers in the M, A, and S or V taxonomic classes.  This may 
be a relatively easy scenario to accept since meteorite ana-
logs for each of these classes provide evidence of igneous 
petrogenesis.      It is more difficult to imagine a process 
that would yield a combination of C-, M-, and R-class as-
teroids as seen in the Budrosa family.  However, there are 
plausible petrogenetic scenarios based on known classes of 
meteorites that, although beyond the scope of this presen-
tation, could account for the mix of taxonomies (E, F, and 
M) in the Nysa-Hertha-Polana region of the mainbelt. 

In the present study we use low-resolution near infra-
red spectroscopic data to examine members of three small- 
to medium-sized asteroid families that contain an odd mix 
of taxonomies.  The Ceres, Eugenia, and Victoria families 
each contain S- and G/C-class asteroids.  Previously unre-
leased data for asteroids in these families were obtained 
with the 52-channel double CVF system at the NASA In-
frared Telescope Facility.  We will compare these “new” 
data with existing data for asteroids in these families to 
begin testing their genetic reality. 
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SURVIVAL OF METHANOGENS DURING PERIODS OF 
DESICCATION: IMPLICATIONS FOR LIFE ON MARS 
M.G. Kendrick and T.A. Kral, University of Arkansas, Fayette-
ville. E-mail: tkral@uark.edu 
 

The relatively recent discoveries that liquid water most likely 
existed on the surface of Mars [1, 2, 3, 4, 5, 6] and that methane 
currently exists in the Martian atmosphere [7, 8, 9] have fueled the 
possibility of extant or extinct life on Mars. One possible explana-
tion for the existence of the methane would be the presence of 
methanogens in the subsurface. Methanogens are microorganisms 
in the domain Archaea that can metabolize molecular hydrogen as 
an energy source, carbon dioxide as a carbon source, and produce 
methane [10]. One factor of importance, and the one that is ad-
dressed here, is the arid nature of Mars, at least at the surface. If 
one is to assume that life exists below the surface, then based on 
the only example of life that we know, liquid water must be pre-
sent. Realistically, however, that liquid water may be seasonal just 
as it is at some locations on our home planet.  

Here we report on research designed to determine how long 
certain species of methanogens can survive desiccation on a Mars 
soil simulant, JSC Mars-1 [11]. Methanosarcina barkeri, Methano-
bacterium formicicum and Methanothermobacter wolfeii were 
grown on JSC Mars-1, transferred to a desiccator within a Coy an-
aerobic environmental chamber, and maintained there for varying 
time periods. Following removal from the desiccator and rehydra-
tion in anaerobic culture tubes under ideal growth conditions, gas 
chromatographic measurements of methane production indicated 
survival for all three organisms for varying time periods, depending 
on the organism being tested. M. barkeri survived desiccation for 
10 days, while M. formicicum and M. wolfeii were able to survive 
for 25 days.  M. barkeri and M. formicicum showed reduced meth-
ane production with increasing desiccation times, while M. wolfeii 
only showed substantially reduced methane initially following 25 
days of desiccation. Methane levels increased rapidly with time, 
achieving the same methane levels as those desiccated for shorter 
time periods. Even though all three organisms showed some inhibi-
tion in methane production at the longest period of desiccation that 
allowed for survival, substantial amounts of methane were ulti-
mately attained.  

If methanogens are able to exist below the surface of Mars, the 
existence of liquid water is potentially the most important rate-
limiting factor. Results reported here indicate that at least two spe-
cies of methanogens might be able to survive dry periods for close 
to a month. Another important factor is temperature. The desicca-
tion experiments reported here were maintained at room tempera-
ture. Colder temperatures, such as those observed on Mars, but not 
cold enough to freeze the subsurface water, might slow down the 
desiccation damage and lead to even longer survival periods.  

References: [1] Christensen P.R. et al. 2004. Science 
306:1733-1739. [2] Herkenhoff K.E. et al. 2004. Science 306:1727-
1730. [3] Klingelhofer G. et al. 2004. Science 306:1740-1745. [4] 
Rieder R. et al. 2004. Science 306:1746-1749. [5] Squyres S.W. et 
al. 2004(a). Science 306:1698-1703. [6] Squyres S.W. et al. 
2004(b). Science 306:1709-1714. [7] Formisano V. et al. 2004. Sci-
ence 306:1758-1761. [8] Krasnopolsky V.A. et al. 2004. Icarus 
172:537-547. [9] Krasnopolsky V.A. 2005. Icarus 180:359-367. 
[10] Sowers K.R. 1995. In Archaea: A Laboratory Manual, 
Methanogens. p. 3. [11] Allen C.C. et al. 1998. In Space 98. pp. 
469-478. 
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THE ANTARCTIC FERRAR DOLERITE AND THE 
PETROGENESIS OF THE MARTIAN SHERGOTTITES.  
J. D. Kennedy and R. P. Harvey.  Dept. of Geological Sciences, Case 
Western Reserve University, Cleveland, Ohio 44106.   

 
Introduction:  The Ferrar dolerite of East Antarctica has been pro-

posed as a terrestrial analog to Mars because of similarities observed on a 
variety of scales – from surface weathering features at the outcrop scale 
[e.g., 1-4] to mineral compositions and textures noted in thin section [1, 
2]. Previously, we examined mineralogical changes associated with 
weathering of the Ferrar.  For this study, we investigate the possibility of 
the Ferrar as a planetary-scale analog to the petrogenesis of the martian 
Shergottites by establishing a more direct comparison between newly 
acquired Ferrar thin sections and a thin section of the martian meteorite 
Los Angeles. 

Mineralogy:  Previous Work.  Previously, we presented analyses 
from a suite of Ferrar samples that display a range of weathering styles.  
These data show that the Ferrar’s pyroxene, feldspar, and oxide assem-
blages provide a satisfactory match to the Shergottites – especially Za-
gami and Los Angeles – in terms of both range and average composition.  
However, there are two significant differences:  (1) silica and alkaline-
feldspars are prevalent in the Ferrar’s mesostasis, while nearly absent in 
most Shergottite lithologies; and (2) the pyroxene-to-feldspar ratio in 
those Ferrar samples is nearly reversed from that of the Shergottites.  
Both of these observations suggest the Ferrar samples in hand are rela-
tively evolved when compared to most Shergottites.  

New samples. The Shergottites show a range of pyroxene and feld-
spar compositions representing a range of fractional crystallization stages, 
with the most evolved samples appear to be Zagami and Los Angeles [5].  
Los Angeles, in particular, seems to provide a good comparison for a 
number of reasons, notably the presence of relatively large (up to 1mm) 
silica grains [5]. The Ferrar, as a massive sill (several hundred meters 
thick) also shows a range of fractional crystallization states. We will pre-
sent results from a direct comparison between Los Angeles and several 
newly acquired, well-matched Ferrar samples with much higher modal 
pyroxene.   

Petrogenesis:    The Ferrar dolerite is a shallow intrusive exposed 
along the length of the Transantarctic Mountains.  Together with its con-
temporaneous extrusive counterpart in Antarctica (the Kirkpatrick basalt) 
and coeval lithologies in Australia and South Africa, they represent one of 
the largest effusive events in planetary history, the breakup of Gond-
wanaland in the early- to mid-Jurassic [1, 6, 7]. The tectonic extension 
and rifting associated with this event is typically considered to be a re-
sponse to significant mantle upwelling beneath an especially large and 
insulating continental mass [1, 6, 7].  Similar plumes are commonly cited 
as the driving force behind large volume Martian magmatism in Tharsis 
and Elysium [1, 8]. 

 A compelling match between these rocks in modal mineralogy and 
tectonic setting may also infer analogies between the martian mantle be-
neath Tharsis and the pre-breakup terrestrial mantle beneath Gond-
wanaland.  Some isotopic studies suggest a Ferrar origin from very  "fer-
tile” mantle, while others prefer a mantle strongly influenced by incorpo-
ration of subducted crust [1, 9].  Further analog studies that incorporate 
isotope data could help clarify this debate.   

References:  [1] Harvey R.P. 2001.Field Trip and Workshop on the 
Martian Highlands and Mojave Desert Analogs, LPI Contributions, 
1101, 25. [2] Allen C.C. and Conca J.L. 1991. 21st Lunar and Planetary 
Science Conference Proceedings, 711-717. [3] Rodriguez-Navarro C. 
1998. Geophysical Research Letters, Vol. 25, No. 17, 3249. [4] Parsons 
R.L. and Head J.W. 2005. Abstract #1138. 36th Lunar & Planetary Sci-
ence Conference. [5] Mikouchi T. 2001. Antarctic Meteorite Research, 
Vol. 14, 1. [6] Encarnacion J. et al. 1996.  GSA Abstracts with Programs 
28, 162. [7] Heimann A. et  al.  1994.  Earth & Planetary Science Letters 
121, 19-41. [8] Wilson L. and Head J.W. 2000. Abstract #1371, 31st Lu-
nar and Planetary Science Conference. [9] Fleming T.H. et al. 1995. Con-
tributions to Mineralogy and Petrology, Vol. 121, 217-236. 
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THE INTERSTELLAR GAS-DUST STREAMS AS THE 
INSTRUMENT OF EXOBIOLOGY 
Oleg B. Khavroshkin, Vladislav V. Tsyplakov, Schmidt Institute 
of Physics of the Earth, RAS, B Gruzinskay, 10, Moscow, 
123995 Russia  
 

Gasdust Streams from Double Stars & Lunar Seismicity. 
The time series of seismic events were generated as follows: on 
the ordinate axis the peak amplitudes of events in standard units, 
on abscissa axis - seismogram durations of the same moonquakes 
and subsequent time intervals between them were used. Spectrum 
of the series disclosed time picks on hidden cosmogonical 
periodicities of lunar seismicity. A part of results (picks) presents 
orbital periods of double stars nearest to the Solar system. The 
explanation of that results is existing gas-dust streams from 
binary stars systems and interacting of it with lunar surface. 

Genesis of Life. If the solar system is reached by the gas-dust 
streams from binary stars, then all bodes in space have particles 
of star dust on their surfaces and/or atmospheres. Solar system 
has made 8-10 revolutions around galactic center and thus 
captured dust from many thousands stars. As these stars caught in 
turn dust particles from other stars too then probably our solar 
system has mainly dust samples from all objects of our galaxy. 
The age of galaxy and old stars is approximately more than15 
billion years and that of the Earth is only ~ 4, 5 Gyr. Genesis of 
Life for the Earth has not more than 3 billion years. Thus 
comparative analysis of simple balance of these times shows that 
the genesis of Life for Earth is the result of galactic 
processes/objects and not of the solar system of course. After 
formation of the solar system all old and new captured dust 
particles are first accumulated in the Oort cloud and then they are 
carried by comets to planets. The modern state of the Earth exists 
for more than 3 billion years, so possibilities for appearing Life 
were always. These processes had happened a few times during 
this period of the Earth state. The sizes of the universe and 
galaxies at τ0 < 1 billion years could be much less than modern 
estimates (for example, up to ~15 times in diameter), that implies 
the existence of a common gas-dust exchange. The density of 
physical fields and radiations at the moment τ0 was many orders 
of magnitude higher than the density existing now. Disintegration 
of neutron substance and nucleus of heavy unstable elements 
have caused constantly existing streams of left polarized 
electrons which have determined chirality’s asymmetry of 
original organic molecules and thus the chirality the existing 
biological world. Some types of radiations functionally could 
replace enzymes during formation of self-reproducing molecular 
structures. Man is used only 10 % of the genetic information. It 
indicates the common total surplus of a genetic material of 
biosphere of the Earth. Probably, at the moment τ0 in unique 
conditions and with sufficient time for creation the universal 
galactic gene was created which different elements are capable to 
create biospheres on planets with the widest set of external 
conditions and for various stages of development of everyone. If 
the universal uniform galactic genome exists, this universality 
will appear as redundancy. The universal model of the gene 
logically contacts the concept of a prediction and designer, hence, 
the model of occurrence of life and the Creator is logically more 
proved.  
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NONLINEAR SEISMIC PROCESSES ON IMPACT 
CRATERING:INFORMATION CONTENT 
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Moscow 123995 GSP-5, Russia; E-mail: khavole@ifz.ru 

 
Introduction. Historically, craters were first found out 

element of structure of a surface of the Moon and many other 
planets. 

Parameters of crater forming processes. Type of an impact 
body forming a crater may be single or complicated, its density 
and the form (extent for complicated); speed of a collision for an 
impact body-surface. Dominant type of seismic waves at the 
upper structures of heavenly body; Makh numbers M for all 
stages of wave and integral parameter of nonlinearity of medium 
and deeper structures.  

Seismo-radiative stresses or forces. More correct 
description of laws of similarity for craters, the conditions of the 
crater central zone forming demand to account for occurrence and 
existence of a field of powerful seismo-radiative forces 
manifesting as acoustic current or pressure in other sections of 
wave physics. As a result of viscoelastic properties of a crater 
forming zone and deeper structures instead of acoustic currents it 
is more correct to consider seismo-radiative forces or pressure 
(stress) .Seismo-radiative stress is proportional to coefficient of 
nonlinearity n and quadrate of Mach seismic number (M). The 
record of the stresses was made using radiation of the vibrator for 
different experimental conditions.  

The mapping of planet internal structure into structures 
of craters and astroblems. Conditions of effective mapping are 
determined by several factors. The following concern to the most 
essential. An extent and spatial distribution of bodies of crushing 
impactor, forming one or several long wave train-packages of flat 
seismic waves with number of Mach М≈10-2 under surface 
impact. Occurrence of a piston mode of wave trains - bunches of 
high-frequency seismic waves in an impact zone. For this wave 
bunch the subsequent preservation of wave train form and 
conditions 10-3 < M < 10-2 after passage and/or its reflection from 
geological border of a planet (minus losses). As a direction of 
vectors of seismo-radiative stresses and a gradient of density of 
the geological medium are opposite, the occurrence of the central 
hill is the elementary consequence of this fact. Diameter of the 
crater with such hill corresponds to the minimal cross section of a 
wave bunch at a piston mode radiation of seismic waves. 
Reflected from the removed borders of a planet the wave bunch 
tests to geometrical divergence because a reflecting surface has a 
spheroid form. Accordingly under day surface output seismo-
radiative stress or force of wave packages of the reflected beam 
operates on the area with diameter exceeding an initial crater, and 
forms an external ring. Thus, the geomorphology of impacted 
craters and astroblems contains the information about an internal 
structure of a planet. 
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FE-NI METAL AND SULFIDES IN ACFER 094: 
THERMAL HISTORY OF THE MOST PRIMITIVE 
CHONDRITE.  
M. Kimura1, M. K. Weisberg2,3, and J. N. Grossman4, 1Ibaraki 
University, Mito 310-8512, Japan, makotoki@mx.ibaraki.ac.jp, 
2Kingsborough College of the City University of New York, 
3American Museum of Natural History, New York, USA, 4US 
Geological Survey, Reston, USA. 

 
Introduction: Acfer 094 is a unique carbonaceous chondrite, 

with properties similar to CO and CM chondrites [1]. The matrix 
mineralogy [2], abundant presolar grains [1], and primitive fea-
tures of refractory inclusions [3] indicate that Acfer 094 preserves 
primordial features that were not modified on the parent body [e.g., 
1]. Recently we showed that Fe-Ni metal is one of the most useful 
indicators for distinguishing the most primitive chondrites [4]. 
Here we report the characteristic features of Fe-Ni metal and sul-
fides in Acfer 094, in order to explore the primitive nature and 
thermal history of this remarkable chondrite. 

Fe-Ni metal and sulfides: Fe-Ni metal is fairly abundant in 
the chondrules and matrix. The texture of Fe-Ni metal in Acfer 
094 is almost homogeneous in all occurrences, and shows little 
plessitic intergrowth. This is in contrast to metal in Semarkona 
(LL3.00) , which typically shows plessitic texture [4]. In the other 
type 3 chondrites, Fe-Ni metal generally shows an intergrowth of 
coarse-grained kamacite and Ni-rich metal [4]. The latter texture is 
extremely rare in Acfer 094. 

The composition of Fe-Ni metal in Acfer 094 depends on the 
occurrence of the grain: chondrule metal has 4.0-7.4% Ni and 
0.16-0.44% Co, whereas matrix metal has 3.8-39.5% Ni and 
0.10-1.8% Co. The Ni/Co ratio is generally solar in all occur-
rences. 

Sulfide minerals generally occur as spherical to irregu-
lar-shaped grains in the matrix. They generally consist of troilite 
with pentlandite. Pentlandite contains 16-26% Ni and 0.3-1.8% Co, 
with solar Co/Ni ratio. 

Discussion: Acfer 094 is one of the least metamorphosed 
chondrites, based on the Cr distribution in olivine [5]. We [4] 
suggested that the classification of metamorphic grade based on 
Fe-Ni metal features, especially the texture of plessite, is consis-
tent with the classification by olivine [5]. However, Acfer 094 
metal does not show plessitic texture. Alternatively, we suggest 
that most of Fe-Ni metal in Acfer 094 is martensite, based on 
texture and Ni content. The metal should have been quenched 
from high temperature conditions, higher than ~600˚C. 

Martensite should transform to plessite during parent body 
metamorphism under low-temperature conditions [6]. Therefore, 
presence of martensite strongly indicates that Acfer 094 was 
hardly subjected to metamorphism on the parent body, and that 
Acfer 094 seems to be more primitive than Semarkona. 

The troilite and pentlandite assemblage may have formed 
through sulfidation of Fe-Ni metal under low temperatures. The 
solar Co/Ni ratio of pentlandite supports this idea. 

References: [1] Newton J. et al. 1995 Meteoritics 30: 47-56. 
[2] Greshake A. 1997 Geochim. Cosmochim. Acta 61: 437-452. 
[3] Krot A. N. et al. 2004 Geochim. Cosmochim. Acta 68: 
2167-2184. [4] Kimura M. et al., 2006 Abstract #1260. 37th Lunar 
& Planetary Science Conference. [5] Grossman J. N. and Brearley 
A. J. 2005 Meteoritics & Planetary Science 40: 87-122. [6] Rei-
sener R.J. and Goldstein, J.I. 1999 Abstract #1868. 30th Lunar & 
Planetary Science Conference. 
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VARIETY OF REFRACTORY OXIDE GRAINS DEPEND 
ON FORMATION ENVIRONMENTS.  
Y. Kimura1,2 and J. A. Nuth III1. 1Code 691, NASA’s GSFC. 
2Ritsumeikan Univ., Japan. E-mail: ykimura@se.ritsumei.ac.jp. 

 
Introduction: Almost four decades ago, a 10-μm feature 

was discovered in evolved stars and silicate grains were sug-
gested as the material responsible [1,2]. Subsequently, the 10-μm 
feature has been observed from objects of almost all evolutionary 
stages, from stars (even some carbon-rich stars) and comets and 
is still to attributed to silicate grains.  Condensation mechanisms 
for silica and silicate grains have been investigated in both labo-
ratory nucleation experiments and via theoretical calculations.  A 
wide array of grain synthesis experiments have been carried out 
by several groups [e.g. 3-5].  IR spectra of both amorphous and 
crystalline silica and silicate grains with various components 
have been widely observed.  The spectral changes in the shape of 
the 10-μm feature due to thermal annealing of the grains was also 
investigated as a function of temperature and time. Constraints 
on the astrophysical environments and formation conditions of 
circumstellar, interstellar and interplanetary dust particles have 
been provided based on comparisons of the observational and 
laboratory spectra. 

Although the correlation between IR spectra and thermal ef-
fects has been extensively studied, experiments to observe the 
effects of changing formation environments are lacking.  For ex-
ample, only a few grain growth experiments have been attempted 
in magnetic and plasma fields [6,7].  We assume that their envi-
ronment can affect grains during formation and growth.  Accord-
ingly, it should be important to demonstrate the effects of forma-
tion environment during grain formation on the resultant IR spec-
tra.  Here we report the IR spectra of iron silicate, iron and sili-
con oxide particles produced in both electrical discharge and UV 
irradiation experiments.  The average character of the grains will 
be also presented as analyzed using a transmission electron mi-
croscope.   

Initial Results: FeSiO particles produced from mixtures of 
Fe(CO)5, SiH4 and O2 using electrical discharge or UV radiation 
in flowing H2 gas have a uniform composition within a probable 
error of 2% as reflected in their ambient gas atmosphere.  SiO 
and FeO grains have not been observed so far.  In contrast, when 
FeSiO grains were produced by the thermal decomposition of 
Fe(CO)5 and SiH4 within a furnace, the grains were classified 
into three distinct groups with specific atomic ratios [8]. 

Silica grains produced by UV irradiation display a very intense 
feature at 11.3 μm attributed to Si2O3.  The intensity is as strong 
as 15% of the simultaneously observed 9.2 μm feature, as com-
pared to the typical intensity of the well-known Si2O3 spectrum 
where the 11.2-μm feature seldom exceeds 5% of the intensity of 
the strong 9.2-μm peak.  These experiments are still progressing.  
We will show further results and discussion that may provide 
additional constraints concerning silicate formation conditions. 

References: [1] Gillett F. C. et al. 1968. ApJ 154:677-687. 
[2] Woolf N. J. and Ney E. P. 1969. ApJ 155:L181-L184 [3] 
Brucato J. R. et al. 2002. Planet. Space Sci. 50:829–837. 
[4] Kaito C. 1983. Jpn. J. Appl. Phys. 22:L432-L434. [5] Nuth J. 
A. et al. 2002. Meteoritics & Planetary Science 37:1579-1590 [6] 
Withey P. A. and Nuth J. A. 1999. Icarus 139:367-373. [7] Sa-
toT. et al. 2003. Jpn. J. Appl. Phys. 42:5896-5897. [8] Rietmeijer 
F. J. M. 1999. Phys. Chem. Chnem. Phys. 1:1511-1516. 
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OXYGEN ISOTOPES IN MAFIC AND FELDSPATHIC 
CLASTS FROM POLYMICT UREILITES.   
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Introduction: Polymict ureilites DaG 165 and DaG 319 con-

tain a wide variety of igneous clasts that might be derived from 
basaltic complements to the ultramafic monomict ureilites [1-2].  
In a previous ion microprobe oxygen isotopic study of clasts 
from DaG 319, most plagioclase bearing clasts were found to 
plot along the CCAM-line and thus their origin from the ureilite 
parent body (UPB) was confirmed [1].  However, because of the 
small number of samples and limited precision of the analyses 
(Δ17O ~1‰), oxygen isotopic systematics among these clasts is 
not well understood.  In this study, the new ion microprobe IMS-
1280 [3] was used to perform a systematic survey of 28 new 
clasts (described by [2,4]) in DaG 165 and 319, including 20 pla-
gioclase bearing clasts similar to those studied by [1].  In addi-
tion, two unusual mafic clasts (olivine with chromite exsolution, 
and Fe-rich pigeonite containing a melt inclusion) described by 
[4] and several of the olivine-augite feldspathic clasts described 
by [2] were studied to clarify their origin.  

Ion Microprobe analyses: The sample was sputtered with 
focused Cs+ primary ions (2-7nA, 10-15µm diameter) and oxy-
gen three isotopes were analyzed by 3 Faraday Cup detectors 
combining mono and multi-collection systems [3]. At least 4-6 
repeated analyses were made for each clast in order to obtain 
<0.3‰ precisions in δ18O, δ17O and Δ17O.  Olivine, pyroxene, 
and plagioclase standards with matching chemical compositions 
were used for correction of instrumental mass fractionation.  

Results and Discussion:  All but one of the feldspathic clasts 
plot along the CCAM line in the same region as ferroan 
monomict ureilites ( Δ17O = -0.5 to -1.4‰).  One albitic plagio-
clase fragment plots on the TF line at δ18O ~6‰, similar to ensta-
tite meteorites.  The two unusual mafic clasts plot on or slightly 
above the TF line at δ18O~3‰, indicating a possible link to 
primitive achondrites or ordinary chondrites.  Four olivine-augite 
bearing feldspathic clasts plot along CCAM, confirming their 
UPB origin.  None of the samples plot in the range of magnesian 
ureilites (Δ17O~ -2‰ on CCAM), consistent with the previous 
study [1].  If smelting determined mg#s of monomict ureilites 
and the UPB had a correlation of Δ17O with depth [4], our results 
indicate a bias toward materials from the deeper source regions 
(in contrast to the interpretation of [4] that the dominant feld-
spathic clasts were derived from the shallowest depths).  This is 
likely due to mingling of melts during fractional melt extraction 
[6], a process that was not recognized in the modeling of [4].  
Calcic clasts (An>30) show slightly higher  Δ17O than albitic 
clasts (An<30) by 0.3‰.  Low degree melts enriched in alkali 
and other trace elements generated at depth might migrate into 
shallower region where isotopic mixing with lower Δ17O could 
occur.  This is consistent with recent UPB models suggesting that 
Al-rich melt containing live 26Al concentrated at shallower 
depths on the UPB [5,6].  

References: [1] Kita N. T. et al. (2004) GCA 68, 4213-4235. [2] 
Cohen B. A. et al. (2004) GCA 68, 4249-4266. [3] Kita N. T. (2006) 
LPSC 37, #1496. [4] Goodrich C. A. et al. (2004) Chemie de Erde 64, 
283-327. [5] Kita N. T. et al. (2005) MAPS 40, 5178. [6] Wilson et al. 
(2006) LPSC 37, #1191. 
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Introduction: Key issues regarding the early evolution of the 

solar system include the timescales of accretion, differentiation 
and thermal metamorphism of planetesimals. Many of these 
processes involved metal-silicate fractionations (e.g., core forma-
tion, metal formation in ordinary chondrites) and can be dated 
using 182Hf–182W chronometry. Hafnium is lithophile whereas W 
is siderophile, such that metals have Hf/W~0 and preserve the W 
isotope composition acquired at the time of their formation. The 
W isotope compositions of magmatic iron meteorites indicate 
that their parent bodies differentiated in less than ~1.5 Myr after 
formation of Allende CAIs [1-3]. Here we present W isotope data 
for metals from ordinary chondrites to constrain formation inter-
vals between metal segregation in iron meteorite parent bodies 
and the accretion of ordinary chondrite parent bodies.  

Results: Metals from 10 L and 2 H ordinary chondrites were 
separated and their W concentrations and W isotope composi-
tions determined using methods of [4]. Tungsten contents in the 
metals continuously increase (with increasing petrologic type) 
from ~0.3-0.4 ppm in type 3 up to ~1-1.4 ppm in type 6 ordinary 
chondrites. This range in W concentrations is consistent with re-
sults from earlier studies [5]. Despite these variations in W con-
tent, all ordinary chondrite metals analyzed so far have similar W 
isotope compositions ranging from ~-3 to ~-2.5 εW (where εW is 
the deviation of 182W/184W from the terrestrial standard value in 
parts per 10,000). There are no resolvable εW differences among 
metals from type 3, 4, and 5 ordinary chondrites and only type 6 
metals appear to be slightly more radiogenic.  

Discussion: The increasing W content of metals with in-
creasing petrological type indicates a continuous transfer of W 
from silicates into metal during thermal metamorphism. This 
transfer must have occurred rapidly, as indicated by the similarity 
in W isotope compositions of metals from type 3-5 ordinary 
chondrites. Thus, W isotopes in metal from type 3 and 4 ordinary 
chondrites constrain the timing of parent body accretion. Based 
on the W isotope compositions of metals from Julesburg (L3), 
Mezö-Madaras (L3), and Saratov (L4) accretion of the L chon-
drite parent body occurred 3-5 Myr after core formation in the 
parent bodies of magmatic iron meteorites. Accretion of the H 
chondrite parent body (based on Hf-W systematics of Ste. Mar-
guerite [6]) would have occurred at 2-4 Myr. These data confirm 
results that suggested that accretion of chondrite parent bodies 
postdates differentiation in some asteroids [1, 7]. Additional data, 
especially for metals from the most primitive ordinary chon-
drites, are needed to better constrain the effects of parent body 
processes on the W isotope composition of metals in type 3 ordi-
nary chondrites.  

References: [1] Kleine T. et al. (2005), GCA 69: 5805-5818. 
[2] Markowski A. et al. (2006), EPSL 242: 1-15. [3] Schérsten A. 
et al. (2006), EPSL 241: 530-542. [4] Kleine T. et al. (2004), 
GCA 68: 2935-2946. [5] Rambaldi E.R. (1976), EPSL 31: 224-
238. [6] Kleine T. et al. (2002), Nature 418: 952-955. [7] 
Bizzarro M. et al. (2005), ApJ 632: L41-L44. 

69th Annual Meteoritical Society Meeting (2006) 5299.pdf



PROTOCOL FOR FIRST ORDER PALEOFIELDS 
ESTIMATION 
G. Kletetschka1,2,3, P. J. Wasilewski2, T. Kohout3,4,5, T. Adachi1,2, 
and V. Mikula1,2. 1Catholic University of America, Washington 
DC, USA 2GSFC/NASA, Greenbelt MD, USA 3Academy of Sci-
ences, Prague, Czech Republic. E-mail: Kletet-
schka@gsfc.nasa.gov. 4Charles University, Prague, Czech Re-
public; .5 University of Helsinki, Helsinki, Finland 

 
Examination Protocol: Our experience from application of nor-
malizing technique to the Murchison and Bjurbole meteorites al-
lows us to develop a list of steps that have to be performed when 
examining magnetism of an extraterrestrial object.  
Protocol for first order paleofield estimation requires decisions in 
respect to following questions: Was the sample exposed to geo-
magnetic field? Does the measurement device produce measur-
able magnetic field that can partially magnetize the sample 
(>0.05 mT)? Is the NRM above the noise level of the instrument? 
Does the REM (NRM/SIRM ratio for all AF steps) curve has sig-
nificant positive/negative AF slope after the full AF demagnetiza-
tion of both NRM and saturation isothermal remanent magnetiza-
tion (SIRM)?. Is remanence less than 50% of NRM after sample 
has been exposed to fields exceeding 0.05 mT? Is there a time 
dependence of magnetization after putting sample in magnetic 
vacuum and low temperature (e.g. 77K). Is NRM after low tem-
perature exposure less than 50? Do sub-samples of meteorite pass 
conglomerate test? 
An example of unusual property of meteorites not often consid-
ered is illustrated on Murchison meteorite. The effect of geomag-
netic field exposure and shielding is illustrated in Figure 1, where 
the acquired/relaxed component is shown to increase linearly 
with the logarithm of time. This property is independent of fur-
ther demagnetization and/or acquisition and thus must be consid-
ered when deciphering the extraterrestrial magnetization signa-
ture. 
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THE 2005 ICDP-USGS DEEP COREHOLE IN THE 
CHESAPEAKE BAY IMPACT STRUCTURE.  C. Koeberl1, 
G.S. Gohn2, W.U. Reimold3, and K.G. Miller4, 1University of 
Vienna, Dept. Geological Sciences, A-1090 Vienna, Austria 
(christian.koeberl@univie.ac.at); 2U.S. Geological Survey, 
Reston, VA 20192, USA; 3Univ. Witwatersrand, Impact Crater-
ing Research Group, Johannesburg, South Africa & Humboldt 
University (Mineralogy), Invalidenstrasse 43, D-10115 Berlin, 
Germany; 4Rutgers University, Dept. Geol. Sci., Piscataway, NJ 
08854, USA. 

 
The late Eocene Chesapeake Bay impact structure is among 

the largest and best preserved of the known impact structures on 
Earth, e.g. [1]. In 2004, a multidisciplinary drilling project for 
this crater, by a research team from 10 countries, had been ac-
cepted by the International Continental Scientific Drilling Pro-
gram (ICDP). Drilling of the joint ICDP and U.S. Geological 
Survey (USGS) deep corehole into the Chesapeake Bay impact 
crater began during September 2005 and was completed in early 
December 2005. This was followed by geophysical logging in 
the borehole. The drill site is located at Eyreville farm, North-
ampton Co., Va., USA, above the near-circular moat structure 
that surrounds the central uplift of this impact structure. Post-
impact marine sediments were cored (starting at 125 m depth) 
above the crater-fill impactite section, which consists (with 
depth) of sediment-clast breccia, sediment megablocks, a large 
granitic megablock, smaller sediment blocks, suevite and lithic 
impact breccia, and a section of only locally brecciated mica 
schist and pegmatites with rare veining of suevitic and lithic 
breccia. Overall, core recovery was good to excellent. However, 
trapped drill rods severely limited the geophysical logging pro-
gram.  Also, a second corehole, 5001-1-B (733 to 1,766 m), had 
to be drilled because the drill bit deviated from the original hole, 
5001-1-A (0 to 941 m), during reaming. 

Matrix-supported sediment-clast breccia constitutes the up-
permost part of the impactite section. This breccia (known from 
other coreholes in the area and termed “Exmore Breccia”) over-
lies thick sections of Cretaceous sands and clays that probably 
represent slumped megablocks. An unexpected 275-m-thick sec-
tion of only weakly deformed granitoid underlies the sediment 
megablocks and probably represents a megablock of target mate-
rial. The suevitic breccias are coherent, well lithified, and contain 
clasts of probable impact-melt rock, and fragments of cataclasti-
cally deformed metamorphic and igneous target rocks, in an ap-
parently unsorted matrix of similar but finer-grained material. 
Lithic impact breccias are polymict and resemble the suevite ex-
cept for a lack of evident impact-melt clasts. The suevitic brec-
cias are underlain by mica schist and granite-pegmatite of the 
basement. About two dozen scientific teams are working on vari-
ous geological, mineralogical, geochemical, and geophysical as-
pects of the borehole and the core samples.  

References: [1] Poag, C.W., Koeberl, C., and Reimold, W.U. 
(2004) The Chesapeake Bay Crater: Springer, New York, 522 p.;  
[2] Gohn G. et al. (2006) Lunar and Planetary Science 37, abs. 
no. 1713 (CD-ROM).   
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APPLICATIONS OF THE METEORITE PHYSICAL 
PROPERTIES DATA OBTAINED USING MOBILE 
LABORATORY FACILITY. 
T. Kohout1, 2, 3, T. Elbra1, L. J. Pesonen1, P. Schnabl2, 3, S. 
Slechta2, 3, 1Division of Geophysics, Faculty of Science, Univer-
sity of Helsinki, Finland, e-mail: tomas.kohout@helsinki.fi, 
2Department of Applied Geophysics, Faculty of Science, Charles 
University in Prague, Prague, Czech Republic, 3Institute of Geol-
ogy, Academy of Sciences of the Czech Republic, Prague, Czech 
Republic. 

 
Introduction:  Physical properties of meteorites provide 

valuable information about the meteorite history and the meteor-
ite parent bodies - asteroids. Meteorites represent valuable rare 
material and it is difficult to bring meteorites directly to the labo-
ratory for scientific studies. Thus the mobile laboratory facility 
was established The Division of Geophysics, University of Hel-
sinki in order to make a research tour over the museums and col-
lections in Europe and to measure the physical properties of me-
teorites in the presence of the curator using harmless, non-
destructive methods. 

The 2005 European meteorite research tour:  The tour was 
conducted in October 2005 using the mobile laboratory facility. 
During the tour the 6 member team visited 13 institutions in 8 
countries across Europe and measured around 200 individual me-
teorite samples. 

Instruments and methods:  During the meteorite research 
tour the measurement of bulk physical parameters (magnetic sus-
ceptibility, bulk and grain density, porosity and magnetic rema-
nence) of meteorites was performed. 

The Hämäläinen TH-1 portable susceptibility meter with 
large (12 cm) coil was used for susceptibility measurements of 
bulk samples. For bulk volume measurements the chemically 
inert tiny glass beads (20 – 50 micrometer in diameter) were used 
to replace liquids used in traditional Archimedean method. The 
grain volume was measured by Notari portable air pycnometer 
working at low pressures. The mass was determined using digital 
balance always calibrated prior the measurements. The magnetic 
remanence was measured using portable Schoenstedt PSM-1 re-
manence meter. 

Data application:  The results of the project are used to en-
hance existing database of physical properties of meteorites. 

The magnetic susceptibility and density show characteristic 
values for different meteorite classes and can be used for (1) 
rapid meteorite classification [1], (2) identification of mislabeled 
samples and (3) pairing the samples from meteorite showers. 

The porosity data shows wide scatter even among meteorites 
of the same class.  There is a trend in porosity showing decrease 
with the increasing metamorphic degree as well as with level of 
terrestrial weathering. 

The other applications include Solar System history studies, 
data interpretation of planetary and asteroid space missions, fu-
ture sample return research and asteroid mitigation efforts. 

References:  [1] Terho M. et al. 1993. Studia Geopgysica 
et Geodaetica, 37, 65-82.. 
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AMOEBOID OLIVINE AGGRETATES IN YAMATO-
86009 CV CHONDRITE: EVIDENCE FOR IN SITU 
AQUEOUS ALTERATION. 
M. Komatsu1, A. N. Krot2, T. Fagan3, M. Miyamoto1, T. Mik-
ouchi1, and K. Keil2, 1Department of Earth & Planetary Science, 
University of Tokyo, Japan (mutsumi@um.u-tokyo.ac.jp). 
2HIGP/SOEST, University of Hawai‘i at Manoa, USA. 
3Department of Earth Sciences, School of Education, Waseda 
University, Tokyo, Japan. 
 

Introduction: Amoeboid olivine aggregates (AOAs) are im-
portant refractory components of carbonaceous chondrites (ex-
cept CH and CB chondrites) and have been interpreted to repre-
sent solar nebular condensates that experienced high-temperature 
annealing, but largely escaped melting [1]. Because AOAs in 
primitive chondrites are composed of fine-grained minerals that 
are easily modified during postcrystallization alteration, the min-
eralogy of AOAs can be used as a sensitive indicator of meta-
morphic or alteration processes. In order to understand the altera-
tion history of the CV3 chondrites, we performed mineralogical 
studies of AOAs in the Yamato-86009 CV carbonaceous chon-
drite. 

Samples and analytical procedure:  Two polished thin sec-
tions of Y-86009, 51-1 and 51-2, were studied using optical mi-
croscopy, SEM+EDS, and EPMA. 

Results and discussion: AOAs in Y-86009 are irregularly-
shaped objects, 50-750 µm in size, composed of forsteritic oli-
vine (Fo>88), high-Ca pyroxene, anorthite±spinel (FeO < 1 wt.%). 
Forsteritic olivine typically shows enrichment in FeO along the 
cracks and grain boundaries. Anorthite is partly or completely 
replaced by fine-grained Al-rich phyllosilicates; nepheline is mi-
nor. Anhderal grains of hedenbergite occur along grain bounda-
ries in direct contact with phyllosilicates. Euhedral fayalitic oli-
vine grains (Fa63-71) overgrow forsterite and occasionally show 
inverse compositional zoning. Some forsterite grains are over-
grown by euhedral pyroxene (Wo41En56Fs3, <10 µm in size) 
along the rim of AOAs. In some cases, enstatite (Wo5En94) oc-
curs around the metal-magnetite nodules.  

Based on our petrographic observations and the previously 
reported 16O-rich compositions of olivine in the Y-86009 AOAs 
[2], we infer that these AOAs were originally similar to AOAs in 
the reduced CVs [3] and subsequently experienced low-
temperature aqueous alteration. The observed alteration features 
in Y-86009 are similar to those in CAIs, chondrules, and matrices 
of the Bali-like oxidized CVs (CVoxB) [4], however, there are 
some important mineralogical differences as well. The common 
presence of anorthite in AOAs and rarity of Fa100 implies that the 
degree of aqueous alteration is lower than other CVoxB chon-
drites. In addition, secondary fayalite in Kaba (CVoxB) rarely 
shows inverse compositionally zoning and approaches nearly 
pure fayalite. The presence of nepheline, sodalite and lath-shaped 
fayalitic olivine in matrix implies that Y-86009 also experienced 
higher temperature, and possibly more prolonged aqueous altera-
tion than Kaba. We infer that Y-86009, like MET00430 [5], is 
intermediate between CVoxA and CVoxB. Indeed, inverse chemical 
zoning of individual ferrous olivines are similar to those in 
MET00430 [5], suggesting the dissolution of ferrous olivine and 
precipitation of more forsteritic olivine from a fluid phase during 
the late-stage thermal metamorphism. 
References: [1] Krot A. N. et al. (2004) Chem. Erde, 64, 185-282. 
[2] Hiyagon H. and Hashimoto A. [3] Krot A. N. et al. (1995) Meteoritics 
30, 748-776. [4] Krot A. N. et al. (1998) MAPS, 33, 1065-1085 [5] Krot 
A. N. et al. (2003) Int. Symp. Evolution of  Solar Syst. Materials, 61-62. 
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L CHONDRITE ASTEROID BREAKUP TIED TO 
ORDOVICIAN METEORITE SHOWER BY MULTIPLE 
ISOCHRON 40AR-39Ar DATING.  
E.V. Korochantseva1,2, M. Trieloff1, A.I. Buikin1,2, C.A. Lorenz2, 
M.A. Ivanova2, W.H. Schwarz1, J. Hopp1, E.K. Jessberger3. 
1Mineralogisches Institut, Ruprecht-Karls-Universität 
Heidelberg, Im Neuenheimer Feld 236, D-69120 Heidelberg, 
Germany. E-mail: trieloff@min.uni-heidelberg.de. 2Vernadsky 
Institute of Geochemistry, Kosygin St. 19, 119991 Moscow, Rus-
sia. 3Institut für Planetologie, Westälische Wilhelms-Universität, 
Wilhelm-Klemm-Str. 10, D-48149, Münster, Germany. 

 
Radiochronometry of L chondritic meteorites yields a rough 

age estimate for a major collision in the asteroid belt ∼500 Ma 
ago [e.g., 1,2,3]. Fossil meteorites from Sweden indicate a highly 
increased influx of extraterrestrial matter in the middle Ordovi-
cian ∼480 Ma ago [4]. An association to the L chondrite parent 
body event was suggested, however, a definite link is precluded 
by the lack of more precise radiometric ages of L chondrites. 
Here we report a high precision age value of the L chondrite as-
teroid breakup obtained by improved 40Ar-39Ar dating.  

High resolution 40Ar-39Ar dating of the L5 chondrite Ghubara 
(host, chondritic xenolith, impact melt) demonstrated the pres-
ence of distinct excess argon components. We identified dsitinct 
trapped argon components with lower than terrestrial 40Ar/36Ar 
ratios at medium-high temperature extractions, proving their ex-
traterrestrial origin. In particular, correcting the Ghubara melt 
age spectrum for trapped excess argon results in an age plateau 
comprising 24 temperature extractions (~95% 39Ar release) with 
an age of 465±4 Ma. This is to our knowledge the first report of 
non-terrestrial excess argon in asteroidal meteoritic samples iden-
tified and corrected for by a multiple isochron approach. Several 
circumstances favoured our discovery: sample selection, high 
resolution 40Ar-39Ar analyses and measures to minimize neutron-
induced 38Ar from Cl (Cd shielding, relatively short irradiation 
time). 

We found multiple isochrons also for L chondrite data of a 
previous study from the Heidelberg 40Ar-39Ar laboratories [5]. 
The slightly revised ages are consistent, indicating a single aster-
oid breakup event. The weighted average of the individual results 
from five L chondrites (Ghubara, Paranaiba, Mbale, Taiban, 
Bluff) of 469.6±5.4 Ma is in perfect agreement with a refined age 
estimate of the middle Ordovician meteorite shower at 467.3±1.6 
Ma [6]. Our results link these fossil meteorites directly to the L 
chondrite asteroid destruction, rapidly transferred form the aster-
oid belt and are consistent with the recently demonstrated short 
transfer time of fossil meteorites [7]. The new age value for the L 
chondrite event of 469.6±5.4 Ma serves as a precise time marker 
to calculate the cratering rate before and afterwards, demonstrat-
ing that the terrestrial impact crater base [8] displays a signifi-
cantly increased cratering rate by at least a factor of 4-5. 

References: [1] Heymann D. 1967. Icarus 6: 189. [2] Bogard 
D.D. et al. 1976. J. Geophys. Res. 32: 5664. [3] McConville P. et al. 
1988. GCA 52: 2487. [4] Schmitz B. et al. 2003. Science 300: 961. 
[5] Kunz J. et al. 1997. MAPS 32: 647. [6] Gradstein F.M. et al. 
2004. A geologic Time Scale. 589 p. [7] Heck P.R. et al. 2004. Na-
ture 430: 323. [8] Earth Impact Data Base 2003. 
http://www.unb.ca/passc/ImpactDatabase 
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SELENIUM AS POSSIBLE INDICATOR OF 
ASTEROIDAL DIFFERENTIATION.  
A. Kracher. Ames Laboratory, Iowa State University, Ames, IA 
50010-3020 (akracher@iastate.edu). 

 
Magmatic iron meteorites are thought to have originated by 

fractional crystallization of the metallic cores of differentiated 
asteroids. The crystallization path of a metallic Fe,Ni liquid 
depends strongly on the initial concentration of non-metals, 
particularly sulfur. However, the initial sulfur content of the 
parental melts is poorly constrained. Previous methods have 
relied on modelling the behavior of metallic trace elements (Ge, 
Ir, As, etc.) whose partition coefficients are sensitive to melt 
composition. Here I outline a different way in which the initial 
sulfur content of the melt might be estimated. 

The Se/S ratio of chondritic meteorites is, with few excep-
tions, remarkably constant [1]. Most magmatic iron meteorites 
originated in parent bodies that were probably roughly chondritic 
in bulk composition, e.g., siderophile element abundances in 
IIIAB irons are similar to those in ordinary chondrites. It can 
therefore be assumed that the parent bodies of most magmatic 
iron meteorites had a chondritic Se/S ratio. 

Selenium has rarely been determined in the troilite of mag-
matic irons, but the few analyses that do exist show a Se/S ratio 
~30% lower than in chondrites [2]. The abundance of 
daubréelite, which has a higher Se/S ratio than troilite, is insuffi-
cient to account for the missing Se. It is plausible that the 
remaining Se is present in the metal phase. This is because S 
behaves as major element and is saturated in the metallic phase, 
whereas Se behaves as a dilute solute in both liquid and solid. 
Hence during fractional crystallization of the core it obeys, at 
least approximately, Henry’s Law. The exact solubility of Se in 
γ-Fe is not known, but it is sufficiently high to form a γ↔α+FeSe 
eutectoid at 885°C, 13° below the α/γ transformation temperature 
of pure Fe. The Se partition coefficient between melt and solid 
γ-(Fe,Ni) is likely to be small but not zero. 

If the bulk Se content of both sulfide and metal phase can be 
determined, and a chondritic overall Se/S ratio is assumed, a 
simple mass balance calculation would yield the relative amounts 
of sulfide and metal in the original core. Sufficiently precise 
determination of Se in the metal phase is difficult, especially 
since a large α/γ segregation is expected from the phase diagram. 
However, with current analytical methods it should be possible to 
constrain the S content of the parent melt to within a factor of 2 
or less. 

[1] Dreibus et al. 1995. Meteoritics 30, 439. [2] Kracher et al. 
1988. Microbeam Analysis 1988, 491. 
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DISCOVERY OF THE SUDBURY IMPACT LAYER IN 
MICHIGAN, USA.  
D. A. Kring1, J. W. Horton, Jr.2, and W. F. Cannon2. 1 Lunar and 
Planetary Laboratory, University of Arizona, Tucson, AZ 85721 
USA. E-mail: kring@lpl.arizona.edu. 2U. S. Geological Survey, 
Reston VA 20192 USA. 
 

Introduction: We have discovered deposits that contain 
probable distal ejecta from the 1,850 Ma Sudbury impact event in 
northern Michigan, about 500 km from the center of the impact 
structure in Ontario.  They occur in marine sediments of the Mi-
chigamme Formation in the upper Baraga Group of the Mar-
quette Range Supergroup and resemble deposits previously de-
scribed in Ontario and Minnesota [1].  We are investigating ma-
terial from five localities in northern Michigan, described here as 
the Baraga basin, West Dead River, East Dead River, Marenisco, 
and Republic sites [2].  All of these sites are at or within a few 
hundred meters above the base of the Baraga Group at a compa-
rable stratigraphic horizon to the Ontario ejecta. 

Results: At the Baraga basin site, a 1-2 m thick layer in the 
lower 10 m of the Michigamme Formation contains well devel-
oped accretionary lapilli, chert breccia, and quartz grains that 
contain single and multiple sets of planar zones of inclusions in-
terpreted to be the metamorphosed relicts of shock-induced pla-
nar deformation features (PDFs).  The West Dead River site con-
sists of an isolated outcrop of material at least 2 m thick and 
probably at least 100 m above the base of the Michigamme For-
mation; it is rich in accretionary lapilli, contains angular chert 
fragments to about 1 m diameter, and shows strong carbonate 
replacement.  The East Dead River locality is a bed of polymict 
breccia, about 30 m thick, which contains abundant chert clasts 
as well as volcanic-like fragments, including sparse accretionary 
lapilli and relict glass shards that have been replaced by chlorite.  
The bed is crudely graded with the coarsest clasts at the base.  It 
lies about 300 m above the base of the Michigamme Formation, 
where it is underlain by banded iron formation and overlain by 
black pyritic slate.  At the Marenisco locality, a 2-m thick bed of 
coarse sand and conglomerate near the base of the Copps Forma-
tion (Michigamme equivalent) contains abundant clasts of Ar-
chean granite, less abundant slabs of chert to about 2 m diameter, 
and quartz grains having possible relict PDFs; it shows strong 
carbonate replacement.  The Republic site is a gravel pit in gla-
cial till, where boulders rich in accretionary lapilli are thought to 
be locally derived. 

Discussion: At this early stage of investigation, we have 
found accretionary lapilli similar to those at the Ontario locality 
at five sites.  Probable metamorphosed relicts of PDFs are pre-
sent in quartz at the Baraga basin site and can be found within the 
cores of lapilli, accreted shells of material, and  interstitial ma-
trix.  Lapilli are up to 2 cm diameter, are sometimes concentri-
cally zoned, and, rarely, contain lithic cores.  Except for the 
PDFs and the very broad (200-400 km) geographic distribution 
of the lapilli, they are similar to volcanic lapilli formed in clouds 
with 15-25 wt.% water.  The lapilli appear to have been produced 
in a vapor-charged cloud of impact ejecta that was deposited with 
sufficient energy, or subsequently reworked, to rip up local 
lithologies. 

References: [1] Addison W. D. et al. 2005. Geology 33: 193-
196. [2] Cannon W. F. et al. 2006. Institute on Lake Superior 
Geology Annual Meeting Abstract. 
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PHASE RELATIONS IN NA-RICH CHONDRULES. 
A. Kropf* & A. Pack, Institut für Mineralogie, Universität Han-
nover, Callinstrasse 3, D–30167 Hannover, Germany, *E-mail: 
a.kropf@mineralogie.uni-hannover.de.  
  

Introduction:  Chondrules are believed to have formed by a 
brief but intense heating and melting event in the early solar sys-
tem. We describe two Na- and Al-rich chondrules [1] from UOCs 
Dar al Gani 369 and 378 [2,3]. Both chondrules contain ol and 
glassy mesostasis with <1 wt.% MgO and CaO, ~10 wt.% Na2O. 
Both chondrules are low in FeO [2,4]. We discuss phase relations 
and with implications for concepts of chondrule precursors and 
nebular and parent body metasomatism. 

Results and Discussion:  Crystallization of fo as only liq-
uidus phase in CMAS decreases the MgO-content of the residual 
melt [7], but can only occur in melts containing >12 wt.% MgO. 
Therefore fo crystallization cannot lead to MgO-contents of 
<1 wt.% as observed in the Na-rich ol-chondrules [4]. Addition 
of Na2O to the CMAS system expands the fo stability field to-
wards lower MgO-concentrations in the residual liquid and can 
explain low MgO in alkali-rich mesostasis. The low MgO values 
could also be explained by metastable ol crystallization into the 
fsp or px stability fields or by a combination of presence of alka-
lis and rapid crystallization. 

Dynamic crystallization experiments will be conducted in or-
der to show if metastable fo-crystallization in the fo-ab-an-
system can account for the observed low MgO contents. 

Low Ca in the chondrules (<1 wt.%) may be explained in 
terms of a precursor that was mainly composed of fo and ab, 
which would be in agreement with presence of alkalis during 
chondrule melting and initial chondrule compositions close to the 
fo-ab eutectic composition. This implies a very brief melting 
event and/or an environment with high alkali activity. The alkali-
rich and Ca-depleted precursor component may have formed by 
fractional condensation of alkali feldspar at <1000 K [5] or by 
recycling of Na-rich mesostasis from a previous generation of 
chondrules [6]. 

References: [1] A. Bischoff & K. Keil (1984) GCA 48, 693–
709. [2] A. Pack et al. (2004) Science 303, 997–1000. [3] A. 
Pack et al. (2005) GCA 12, 3159–3182. [4] A. Pack & D. Hezel 
(2006) LPSC XXXVII, abstract #1353. [5] K. Lodders (2003) 
ApJ 591, 1220–1247. [6] A. Bischoff et al. (1989) EPSL 93, 
170–180. [7] H. S. Yoder, Jr. & C. E. Tilley (1962) J. Petrol. 3, 
342–532. 
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REFRACTORY INCLUSIONS IN THE METAL-RICH 
CARBONACEOUS  CHONDRITE ISHEYEVO. 
A. N. Krot1, M. Chaussidon2, G. R. Huss1, A. A. Ulyanov3, and 
M. A. Ivanova4, 1HIGP/SOEST, University of Hawai‘i at Manoa, 
USA. 2CRPG/CNRS, France. 3M.V. Lomonosov Moscow State 
University, Russia. 4Vernadsky Institute of Geochemistry and 
Analytical Chemistry, Russia. 
 

Introduction: Ca,Al-rich inclusions (CAIs) in the metal-rich 
CH and CB carbonaceous chondrites are characterized by a num-
ber of unique mineralogical and isotopic characteristics. For ex-
ample, CB CAIs analyzed so far are uniformly 16O-depleted [1] 
and lack 26Mg* [2]. CH CAIs show a bi-modal distribution of O- 
and Mg isotope compositions: (i) most CAIs are 16O-enriched; 
some igneous CAIs are 16O-depleted [3,4]; (ii) very refractory, 
grossite- and hibonite-rich CAIs lack 26Mg*; the inferred 
26Al/27Al ratio in less refractory, melilite-rich CAIs is ~5×10-5 [5-
7]. Here we describe mineralogy and petrography of CAIs and 
amoeboid olivine aggregates (AOAs) in the recently discovered 
metal-rich chondrite Isheyevo [8]; oxygen and magnesium iso-
tope studies of these CAIs are in progress. 

Results: Isheyevo contains several lithologies which show 
mineralogical and chemical affinities to the CH and CB chon-
drites [8]. Based on the major mineralogy, 159 refractory inclu-
sions found in ~10 cm2 of X-ray mapped area of Isheyevo can be 
divided into hibonite±pyroxene±melilite (37%), grossite-rich  
(18%), melilite-rich (23%), spinel-rich (16%), pyroxene-
anorthite-rich (5%) CAIs, and AOAs (1%). The CAIs and AOAs 
show no evidence for thermal metamorphism, Fe-alkali me-
tasomatic or aqueous alteration; they are texturally and miner-
alogically similar to those in the previously studied CH (Acfer 
182, ALH85085, PCA91467, PAT91546, NWA 470, 739, and 
770) and to a lesser degree to those in CBb (Hammadah al Hamra 
237, QUE94411) chondrites. As a population of refractory ob-
jects, they are distinct from those in CR, CM, CV, CK, CO, and 
ungrouped carbonaceous chondrites Acfer 094, Adelaide, 
MAC87300, and MAC88107. Most Isheyevo CAIs are very re-
fractory (hibonite- or grossite-rich), rounded or ellipsoidal ob-
jects, 20-240 μm in apparent diameter, which appear to have 
crystallized from rapidly cooling melts and escaped significant 
interaction with high-temperature nebular gas after solidification 
(secondary anorthite and Wark-Lovering rims are typically ab-
sent), suggesting a short residence time in the high-temperature 
condensation region. Less refractory CAIs (melilite- and pyrox-
ene-anorthite-rich) and AOAs, 40-300 μm in apparent diameter, 
appear to have experienced more extensive high-temperature al-
teration resulting in replacement of melilite and spinel by anor-
thite and diopside, and formation of Wark-Lovering rims; some 
CAIs were melted prior to and during chondrule formation. We 
infer that there are two populations of refractory inclusions in 
Isheyevo that experienced different thermal histories.  

References: [1] Krot A. et al. 2001. Meteoritics & Planetary 
Science 36: 1189-1217. [2] Gounelle M. et al. 2006. Abstract 
#2014. 37th Lunar & Planetary Science Conference. [3] 
McKeegan K. et al. 2002. Earth & Planetary Science Letters, 
submitted. [4] Makide K. et al. 2004. Abstract #9076. Chondrites 
& the Protoplanetary Disk. [5] Weber D. et al. 1995. Geochimica 
et Cosmochimica Acta 59: 803-23. [6] Kimura M. et al. 1993. 
Geochimica et Cosmochimica Acta 57: 2329-59. [7] MacPherson 
G. et al. 1988. Meteoritics 24: 297. [8] Ivanova M. et al. 2006. 
Abstract #1100. 37th Lunar & Planetary Science Conference. 
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The difference in the chondrule forming environments be-

tween ordinary (OC) and carbonaceous (CC) chondrites should 
be investigated in order to clarify the origin of chemical group of 
chondrites. Petrology of common ferromagnesian chondrules in 
the least metamorphosed OCs have been well studied [1-3]. Al-
though petrological and isotopic observations on the least meta-
morphosed CCs have been vigorously carried out recently, sys-
tematical investigations of the primitive CCs are limited. Here, 
we report bulk chemical compositions of individual ferromag-
nesian chondrules in from CO3.0 Yamato-81020, and compare 
them to those from LL3.1 Bishunpur and LL3.1 Krymka [4-5].  

Bulk major elemental abundances of chondrules measured by 
EPMA show that elements more refractory than Si are unfrac-
tionated for both CO and LL Type I chondrules, and volatile ele-
ments decrease with volatility. In particular, CO Type I chon-
drules are more depleted in volatiles than LL Type I chondrules 
(average Na abundance; CO 0.11, LL 0.50). Type II chondrules 
are basically unfractionated for both CO and LL. The bulk com-
positions of chondrules, CAI and matrix in Y-81020 normalized 
to those of the bulk chondrite suggest that Type I and II chon-
drules and matrix are depleted and CAIs are enriched in refrac-
tory elements, and Type Is are richer in refractories than Type 
IIs. Regarding volatiles, Type Is are depleted, whereas Type IIs 
are enriched and matrix is more volatile rich. These diversities of 
chondrules between OC and CC were established in spatially 
separated regions in the protoplanetary disk, and not by different 
time, because chondrules of both CO and LL were formed con-
temporaneously, except CO Type IIs [6]. These observations 
along with non-fractionated pattern of Type IIs suggest the fol-
lowing scenario: (1) refractory elements were fractionated at the 
early stage, of which residues became precursor of chondrules, 
and (2) Type Is were formed from precursor with composition 
close to Type II through evaporative loss of volatile components, 
and the evaporated fraction added to matrix. In this scenario, ma-
trix is pristine but volatiles were enriched during chondrule for-
mation. As the distribution of Fe is only incompatible with the 
other volatile elements, we also estimated total Fe abundance in 
Type I and IIs. Type Is in both CO and LL contain less total Fe 
abundance (3-15wt%). On the other hand, Type IIs in CO have 
higher Fe abundance (20-27wt%) than those of LL (12-15wt%). 
The significant enrichment of in Type II in CO is not explained 
by only volatility-controlled processes, and another explanation 
is needed, that is, difference in their precursors which might re-
gard metal/sulfide and silicate fractionation during chondrule 
formations. 

References: [1] Jones R. H. and Scott E. R. D. 1989. Lunar 
and Planetary Science Conference p. 523-536. [2] Jones R. H. 
1992. Geochimica et Cosmochimica Acta. 56. p. 467-482. [3] 
Huang S. et al. 1996. Icarus. 122. p. 316-346. [4] Tachibana S. et 
al. 2003. Meteoritical and Planetary Science. 38. p. 939-962. [5] 
Tomomura S. et al. 2004. Abstract #1555. Lunar and Planetary 
Science Conference. [6] Kurahashi E. et al. 2004. Abstract 
#1476. Lunar and Planetary Science Conference. 
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A NEBULAR ORIGIN OF CHLORAPATITE AND 
SILICATE GLASS IN THE GUIN (UNGR) IRON. 
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Silicate inclusions in iron meteorites [e.g., 1] are believed to 

sample primitive (chondritic) as well as chemically fractionated 
parent bodies [2]. Inclusions in IIE irons have extreme fractiona-
tions, which are commonly considered to be due to impact melting 
and mixing of feldspars and silica from the surface of a highly dif-
ferentiated parent body [e.g., 3, 4]. Studies of IIE iron-like inclu-
sions from the Guin (ungr) iron show that they record nebular 
rather than planetary fractionation processes. 

Large silicate inclusions in Guin are common [5] and consist of 
devitrified siliceous glass with or without augite and phosphates. 
We investigated an elongated oval (2 x 0.5 cm2) devitrified glass 
inclusion consisting of a fine-grained intergrowth of albite, silica 
and low-Ca pyroxene with accessory ilmenite, rutile, FeNi metal, 
FeS, Cl-apatite and whitlockite. Albite dominates the chemical 
composition with (in wt%) 70.3 SiO2, 16.8 Al2O3, 0.04 MgO, 1.4 
FeO, 1.3 CaO, 8.5 Na2O, 0.7 K2O and 0.17 P2O5. Trace element 
(TE) contents are low (~0.1×CI) except for Ti, Sr, Zr and Nb 
(~10×CI) and Sc (~1×CI). The REE contents are also low 
(<0.1×CI) and decreasing from La to Gd (~0.02×CI) and increasing 
again towards Lu (~0.1×CI). Eu and Yb have positive anomalies. A 
chlorapatite co-existing with the devitrified glass has low Ti, V, Zr 
and Nb (<0.1×CI) and high Sr (~20×CI), REE and Y (~70-80×CI) 
contents with a flat abundance pattern and negative anomalies in 
Eu and Yb. The complementary TE patterns of Cl-apatite and glass 
suggest an igneous origin. However, compared to experimental dis-
tribution coefficients of TE between apatite and a siliceous liquid 
[6], the Guin assemblage is far out of equilibrium (e.g., La Kd ~12, 
but La[ap]/La[gl] ~750!), except for Sr. In addition, the REE abun-
dance pattern of apatite does not follow the distribution coefficients 
but rather is flat and resembles the group III-pattern of CAIs [7] but 
at an abundance similar to that in hibonites [e.g., 8] and oldhamites 
[e.g., 9, 10]. The pattern and abundance level suggest a TE-rich 
precursor phase for the apatite, oldhamite?, that formed by conden-
sation from nebular gas at low fO2 [11].  

The very low TE content of the glass is similar to those of 
glasses from other IIE irons [e.g., 4, 12, 13] and does not support a 
derivation from albite as is widely advertised [3, 4] because it is 
unfractionated. The positive anomalies of Eu and Yb make the pat-
tern very similar to one reported for a glass from the Colomera IIE 
iron [12] where the anomalies were considered to be due to 
“..melting of silicates under highly reducing conditions, similar to 
those for enstatite chondrites”. However, to us the TE pattern of the 
Guin glass suggests derivation from a nebular reservoir strongly 
depleted in refractory TE (and Mg!) but not in Eu and Yb. Chlora-
patite and devitrified glass in Guin appear to be genetically related 
but not via an igneous system but via the solar nebula. The precur-
sors could have been oldhamite and a siliceous liquid which subse-
quently experienced oxidizing conditions that turned oldhamite into 
chlorapatite [e.g., 14, 15]. Metal trapped the products and preserved 
this primitive matter [see also 16]. 

References: [1] Bunch et al. (1970) Contr. Min. Petrol. 25, 297. 
[2] Wasson (1974) Meteorites. Springer, 316pp. [3] Ruzicka et al. 
(1999) GCA 63, 2123. [4] Hsu (2003) GCA 67, 4807. [5] Rubin et 
al. (1985) EPSL 76, 209. [6] Green (1994) Chem. Geol. 117, 1. [7] 
Martin and Mason (1974) Nature 249, 333. [8] Ireland (1988) GCA 
52, 2827. [9] Kurat et al. (1992) Meteoritics 26, 246. [10] Crozaz 
and Lundberg (1995) GCA 59, 3817. [11] Lodders and Fegley 
(1993) EPSL 117, 125. [12] Hsu et al. (1997) MAPS 32 Suppl., 
A61. [13] Kurat et al. (2005) LPS XXXVI, 1814 [14] Kurat (1988) 
Phil. Trans. R. Soc. Lond. A325, 459. [15] Kurat et al. (2002) GCA 
66, 2959. [16] Kurat (2003) Antarct. Meteorites, 65. 
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DETERMINATION OF 26AL CONTENTS FOR 
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Introduction: Determination of terrestrial ages of 
Antarctic meteorites supplies useful informations for the 
frequency of meteorite fall, mechanism of accumulation of 
meteorites and the age of ice. 26Al (T1/2 = 7.17 x 105y) is a 
useful tool for the dating of terrestrial age of meteorite. 

 
Samples and Experimental: 26Al contents in 

Yamato-791199, -791192 and -791962 meteorites have been 
determined non-destructively by extremely low background 
γ-ray counting system of Institute for Cosmic Ray Research, 
University of Tokyo. The counting system consists of a well 
type of large volume high pure Ge detector. Absolute 
counting efficiency of the detector was 1.76% at 1809keV 
γ-ray of 26Al. 1.73 to 1.78g of crushed samples were packed 
in plastic vials prior to put into the well of detector. 

 
Results and Discussion:The determination results are 

shown in Table 1 with the sample weight for determination 
and the count length. The results are generally consistent 
with those of previous work [1-3].  

Usually, determinations of 26Al contents for more than 
100g of samples are performed by γ-ray count 
non-destructively. However, those for small samples such as 
less than 20g are very difficult. Recently, accelerator mass 
spectrometry (AMS) analysis has been applied to 
determination of 26Al in meteorites. Although the sample 
amount of AMS analysis is small, this analysis is destructive.  

For small size of meteorites which original weights are 
less than 2g, non-destructive determination of 26Al content 
using extremely low background γ-ray counting system has a 
great advantage, because we can get other informations such 
as chemical, petrological and mineralogical informations 
from the same samples after 26Al determination. 

 
Table 1. 26Al contents in Antarctic meteorites 

 
 
 
 
 
 
 

 
References: [1] Fuse and Anders (1969) Geochim. 

Cosmochim. Acta 33, 653. [2] Komura et al. (1982) Mem. 
Natl. Inst.Polar Res., Spec. Issue, 25, 178. [3] Fukuoka et al. 
(1993) The 18th Symposium Antarctic Meteorites, 152. 
 

weight count length
(g) (days)

Y-791199 (Anorthosite) 1.78 180 55 ± 4

Y-791192
(Eucrite, polymict texture)

1.73 124 94 ± 5

Y-791962 (Eucrite) 1.73 181 89 ± 4

sample
26Al content

(dpm/kg)
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Introduction: We report the unique occurrence of microfos-

sils composed largely of meteoritic ejecta particles from the late 
Pliocene (2.5 Ma) Eltanin impact event. These deposits are 
unique, recording the only known km-sized asteroid impact into a 
deep-ocean (5 km) basin. First discovered as in Ir anomaly in 
sediment cores that were collected in 1965, the deposits contain 
mm-sized shock-melted asteroidal material, unmelted meteorite 
fragments (named the Eltanin meteorite), and trace impact spher-
ules. Two oceanographic expeditions by the FS Polarstern in 
1995 and 2001 explored ~80,000 km2 of the impact region, map-
ping the distribution of meteoritic ejecta, disturbance of seafloor 
sediments by the impact, and collected 20 new cores with impact 
deposits in the vicinity of the Freeden Seamounts (57.3˚S, 
90.5˚W). Analyses of sediment cores show that the impact dis-
rupted sediments on the ocean floor, redepositing them as a cha-
otic jumble of sediment fragments overlain by a sequence of 
laminated sands, silts and clays deposited from the water column. 
Overprinted on this is a pulse of meteoritic ejecta, likely  trans-
ported ballistically, then settled through the water column. At 
some localities, meteoritic ejecta was as much as 0.4 to 2.8 
g/cm2. This is the most meteorite-rich locality known on Earth. 

Results: Two cores were taken in a basin near the top of the 
Freeden Seamounts at a water depth of 2.7 km. Sediments in this 
shallow basin are compositionally different than those at all other 
sites as they contain abundant calcareous microfossils. In deeper 
water sites (4 to >5 km depth), higher pressures and CO2 concen-
trations cause dissolution of calcite and sediments contain sili-
ceous (opal) microfossils or are barren. An exception to this is a 
few sites in the immediate vicinity of the seamounts that contain 
calcareous sediments that flowed off the seamounts after being 
disturbed by the impact. At the top of the seamounts, sediments 
with meteoritic ejecta are bioturbated by burrowing organisms. 
Microfossils of one of these organisms are truly remarkable. 
These “agglutinated” foraminiferans are unicellular, live in the 
sediment, and construct their shells from mineral grains in the 
sediment, which they bind together with an organic cement. The 
microfossils occur as tubes (up to 7 mm x 3 mm), with a central 
cavity that the foraminifer inhabited. Interestingly, this particular 
species of foram is known as a “disaster” species that is quick to 
re-inhabit an environment after a devastating event, such as a 
volcanic eruption, or, as we now know, an asteroid impact. On 
the Freeden seamounts, the most abundant “mineral” grains in 
these sediments, other than calcareous microfossils, are frag-
ments of meteoritic ejecta. Point counting of 283 grains (25 to 
250 µm) examined by microprobe EDS and WDS in one speci-
men revealed that 70% of the particles are meteoritic ejecta, pri-
marily vesicular melt rock with lesser pyroxenes and anorthite 
from the Eltanin meteorite. The other 30% is terrestrial quartz, 
feldspars, unclassified grains (probably mostly basaltic glass 
fragments), and a few lithic grains and microfossils. 
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THE STUDY OF SCHREIBERSITE AND 
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Introduction: Iron meteorites contain iron nickel phosphides 

(Fe,Ni)3P in the forms of schreibersite and rhabdite. Schreibersite 
and rhabdite are formed as a result of heterogeneous and homo-
geneous nucleation mechanisms, respectively [1]. The differ-
ences of these phosphides morphology and crystal structure are 
of interest and, therefore, were studied using various techniques. 

Methods: The sample of schreibersite was prepared as a 
powder using mechanically extracted massive schreibersite from 
Sikhote–Alin (IIB) meteorite that was treated with HCl to re-
move kamacite residue. The microrhabdite crystals were ex-
tracted electrochemically from Sikhote–Alin (IIB) meteorite. 
Mössbauer spectra were measured at room temperature using 
spectrometer SM–2201 with high accuracy, stability and sensitiv-
ity in transmission geometry. X–ray diffraction study of micror-
habdite and schreibersite was performed with STADI-P diffrac-
tometer and VEPP-3 synchrotron equipped by MAR 3450 detec-
tor. The Fe, Ni and P concentrations in extracted phosphide crys-
tals were measured by SEM Philips 30-XL with EDX. 

Results and discussion: The schreibersites with size up to 30 
mm were located in α - α grain boundary of Sikhote-Alin meteor-
ite. The extracted microrhabdite look like thin plates about 150 
μm in length and prismatic crystals about 5 μm in cross section. 
Mössbauer spectra of schreibersite and microrhabdite samples 
were different [2]. Mössbauer spectrum of schreibersite was 
complicated and consisted of at least several magnetic sextets 
and several quadrupole doublets. Mössbauer spectrum of micror-
habdite demonstrated the presence of unresolved magnetic sextet 
and possibly quadrupole doublet. The unresolved magnetic sextet 
may be a result of the relaxation processes or fuzzy magnetic 
phase transition in the sample at room temperature as well as a 
result of superparamagnetic behavior of microrhabdite particles. 
X–ray diffraction study of phosphides showed the following pa-
rameters of the unit cell: asch= 9.049(8) Å, csch= 4.461(8), and 
arhab= 9.029(3) Å, crhab= 4.461(5) for schreibersite and micror-
habdite, respectively. The Fe content in schreibersite and micror-
habdite was approximately 50 and 38 wt. %, respectively, while 
Ni content was 30 wt. % in schreibersite and 40 wt. % in micror-
habdite. Skala [3] demonstrated that nickel and iron atoms are 
not distributed equally over three crystallographically non-equal 
sites of the structure. These results demonstrated the differences 
of the hyperfine interactions, structural parameters and Fe/Ni 
content in schreibersite and microrhabdite. It is possible that Ni 
content increase in microrhabdite correlates with value decrease 
of unit cell parameter arhab [4]. Further studies are required to ana-
lyze structure, chemistry, and hyperfine parameters mutual rela-
tionships for phosphides with different morphologies. 

References: [1] Clarke R.S. and Goldstein J.I. 1978. Smith-
sonian Contributions to the Earth Sciences. 21. [2] Larionov 
M.Yu. et al. 2005. Meteoritics & Planetary Science. 40:A89. [3] 
Skala R. and Cisarova I. 1999. Lunar and Planetary Sciences 
XXX. #1356. [4] Geist V. et al. 2005. Cryst. Res. Technol. 40:52-
64. 
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DEVELOPMENT OF A NEW RESONANCE IONIZATION 
MASS SPECTROMETER FOR THE ISOTOPIC 
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A new spectrometer has been built for measuring very small 

Kr and Xe abundances. This instrument consists of a resonant 
ionization ion source, a cryogenic sample concentrator and a 
time-of-flight mass analyzer. It is based on a similar design than 
the instrument developed at IRIM, Knoxville, University of Ten-
nessee [1,2] or than the “RELAX” spectrometer working at Uni-
versity of Manchester [3,4]. Initially designed for Kr measure-
ments, this new instrument allows Xe analyses by simply tuning 
the wavelength for ionization. A two-photon excitation, followed 
by one-photon ionization at the same wavelength  (“2+1” transi-
tion) is used.  A Kr atom resonantly absorbs two photons with 
216.7 nm wavelength, resulting in the electron transition from 
ground state to 5p[5/2]2  state, and then the excited atom subse-
quently absorbs another photon non resonantly, exceeding the 
ionization energy level. For Xe, ionization can be achieved fol-
lowing a similar procedure but using a 217.1 nm wavelength 
(7d[1/2]0 state). Ultra-violet beams are generated by mixing third 
harmonic of a Nd:YAG laser (1.6J, 10Hz) with a dye laser 
pumped by the second harmonic of the Nd:YAG laser. Atoms of 
Kr in the instrument are condensed on a cold trap at 25-35°K and 
released after heating by a pulse of an IR NdYAG laser (50 mJ). 
Ionization and heating lasers are delayed in order to obtain the 
maximum ionized atoms in the source of the Time Of Flight 
spectrometer. For now, the detection limit is about several thou-
sands of Kr atoms. Measurements with this new instrument are in 
progress to determine CRE of iron meteorites by using 81Kr-Kr 
dating [4]. Cosmic ray exposure dating in iron meteorites is an 
important tool for studying variations of galactic cosmic ray in 
the past and complex irradiation histories of meteorites [5]. 

 
[1] Thonnard N. et al (1987) NIM B29, 398-406. [2] Lehmann 
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al (1991) Meas. Sci. Technol. 2, 589-595. [4] Gilmour J.D. 
(1994) Rev. Sci. Instrum. 65(3), 617-625. [4] Marti K. (1967) 
Phys. Rev. Lett. 18, 264. [5] Lavielle B. et al, (1999) Earth 
Planet. Science Lett. 170, 93-104. 
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Introduction: Samples from the Stardust mission offer the 

first opportunity to analyze cometary matter collected under con-
trolled conditions [1, 2]. In addition to aerogel, Al foils were ex-
posed to the comet as well. These foils were used to facilitate the 
removal of the aerogel blocks from the collector trays [2]. 

In this ongoing study [3–5], time-of-flight secondary ion 
mass spectrometry (TOF-SIMS) is being used for the analysis of 
crater residues on Al foils from laboratory impacts that employed 
a variety of well characterized projectile materials. The major 
goal of this investigation is to evaluate how well the chemical 
composition of the projectiles can be reproduced by TOF-SIMS. 

Samples and Experimental Procedures: Powdered materi-
als were fired into Stardust-type Al foils with impact velocities 
ranging from 4.2 to 6.1 km/s. Due to fragmentation in the launch 
process, a wide range of crater diameters was observed. Initial 
analyses of projectile residues used powdered CV3 chondrite Al-
lende [3–5], hornblende and coal standards [5]; the present, in-
vestigations extended this work to a set of well characterized 
minerals, including olivine, diopside, pyrrhotite, and bytownite. 

After necessary sputter cleaning through Ar ion bombard-
ment, individual craters were rastered with a 0.2 µm 69Ga+ pri-
mary ion beam. From the distribution of secondary ions from 
major elements, regions of interest were selected for the genera-
tion of mass spectra and calculation of element ratios using rela-
tive SIMS sensitivity factors derived from glass standards [6]. 

Results and Discussion: Geometric mean values of most 
element ratios relative to Si for nearly all examined Allende resi-
dues are close to CV element ratios and fit well within the range 
of ratios observed for Allende chondrules [7]. 

Due to their greater homogeneity, element ratios in the horn-
blende residues show significantly less deviations from reference 
data [8] than the Allende data, as most ratios are within a factor 
of 1.5 identical to literature values. 

Analysis of the coal residues was focused on the behavior of 
complex molecules. Although Ar sputter cleaning destroys some 
of the hydrocarbons, they still could be detected in the craters 
[5]. 

The analysis of olivine, diopside, pyrrhotite, and bytownite 
residues is still in progress. 

Conclusions: The first results show clearly that rocky mate-
rial impinging on Al foil at ~6 km/s can be identified by TOF-
SIMS analysis. Furthermore, even complex molecules can sur-
vive the impact on Al foils under these conditions. 

References: [1] Brownlee D. E et al. 2003. Journal of Geo-
physical Research 108:E8111. [2] Tsou P. et al. 2003. Journal of 
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[4] Hoppe P. et al. 2006. Meteoritics & Planetary Science 41:197–
209. [5] Leitner J. et al. 2006. Abstract #1576. 37th Lunar & Plane-
tary Science Conference. [6] Stephan T. 2001. Planetary and Space 
Science 49:859–906. [7] Rubin A. E and Wasson J. T. 1987. Geo-
chimica et Cosmochimica Acta 51:1923–1937. [8] Jarosewich E. et 
al. 1980. Geostandards Newsletter 4:43–47. 
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Introduction: In the inner region of the protoplanetary disc, 

water is found in form of vapour. If this vapor interacted with 
silicates, at locations where the inner planets and parent bodies of 
meteorites formed, it could be of a primary importance to their 
evolution [e.g., 1]. Silicates are good candidate to carry on water, 
in form of hydroxyl bonds. Earlier works showed that hydration 
of silicates was not kinetically possible on nebular timescales 
with crystalline silicates as the solid reservoir [2]. However ISO 
spectra showed that interstellar silicates are amorphous [e.g., 3], 
probably irradiated within interstellar shockwaves [4]. Since the 
protoplanetary disk was formed by interstellar materials, the hy-
dration behaviour of amorphous silicates precursors must be ex-
amined.  

Experimental procedure: Hydration experiments were per-
formed from room temperature to 200°C for various reaction 
times, at 1 atmosphere and saturated water vapour pressure. The 
silicate materials used were amorphous thin films having a com-
position close to olivine. The thin films were studied by optical 
microscopy, scanning electron microscopy (SEM), atomic force 
microscopy (AFM) and transmission electron microscopy 
(TEM).  

Results: The first modification that appeared in the amor-
phous thin films consists of extended patches, well visible by 
optical microscopy. Crystallization of hydrated minerals occurs 
within these patches, in form of extended needles, nano-scale 
fibrous texture and well facetted crystals, depending on the ex-
perimental conditions. TEM characterization showed that the 
amorphous phase converted into phyllosilicates, mainly com-
posed of talc, frequently associated with brucite. Kinetics 
strongly depends on temperature but also on the thin film thick-
ness.  

Conclusion: Phyllosilicates are present in the most primitive 
materials from our solar system (IDPs, micrometeorites, carbo-
naceous chondrites). In carbonaceous chondrites they display 
clear evidences for aqueous alteration but the original materials 
from which they are formed is still largely debated. Recently it 
was proposed that phyllosilicates can be nebular products [5]. 
This hypothesis is supported by hydration experiments on mag-
nesiosilica smokes [6]. Our preliminary results confirm that phyl-
losilicates can be formed from amorphous precursors that simu-
late interstellar silicates, in interaction with water, at relatively 
low temperature.   

References: [1] Drake M.J. 2005. Meteoritics & Planetary 
Science 40: 519-527. [2] Prinn R. G. and Fegley B. Jr. 1987. Ann. 
Rev. Earth Planet. Sci. 15: 171–212. [3] Kemper F. et al. 2004. 
Astrophysical Journal 609: 826–837. [4] Demyk K. et al. 2001. 
Astronomy & Astrophysics 368: L58-L61. [5] Ciesla F. J. et al. 
2003. Science 299: 549– 552. [6] Rietmeijer F.J.M. et al. 2004. 
Meteoritics & Planetary Science 39: 723-746. 
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Introduction: Isotopic anomalies in solar system objects 

provide powerful constraints on the origin and evolution of the 
early solar system. Of particular importance are titanium isotopes 
in refractory inclusions from primitive meteorites because i) tita-
nium isotopes are important indicators of nucleosynthetic proc-
esses contributing to iron group elements and ii) titanium iso-
topes may also serve as an indicator of possible irradiation proc-
esses in the early solar system. Variations in titanium isotopes 
have been reported for refractory inclusions from Allende (CV3), 
whereas the type of the anomalies was not well characterized, 
e.g. [1,2,3]. However, while all earlier studies agreed that virtu-
ally every Ca-Al-rich refractory inclusion from Allende contains 
anomalous titanium, the titanium isotopic composition of other 
meteoritic constituents is still not completely characterized with 
respect to their nature and extent. Here we present a detailed and 
consistent database for the titanium isotopic composition in vari-
ous solar system objects. 

Experimental: Sample preparation, chemical separation, and 
data reduction followed the procedures described by [4,5]. Meas-
urements of isotopic ratios were performed with the high resolu-
tion MC-ICP-MS (Nu 1700) at ETH Zürich. 

Results: After correcting for i) mass fractionation (internally 
via 49Ti/47Ti), ii) external and plasma specific interferences, and 
iii) blanks the external reproducibility (2σ) obtained from re-
peated measurements of terrestrial basalts is 0.36ε, 0.38ε, and 
0.28ε, for 50Ti/47Ti, 48Ti/47Ti, and 46Ti/47Ti, respectively. Com-
paring our data obtained for various standard solutions (synthetic 
solutions and terrestrial basalts) with literature data clearly indi-
cate that the terrestrial titanium isotopic composition is not well 
defined. The “standard ratios” used by different groups for nor-
malization differ by up to 15ε-units, making titanium the element 
with the least known atomic weight among all elements [6]. 

An unexpected result is the detection of anomaleous titanium 
in ilmenite separates from lunar rocks. New model calculations 
will enable us to check whether such anomalies are real or 
whether the effect is simply caused by interactions with galactic 
cosmic-rays. Most of the meteoritic material analyzed display a 
normal titanium isotopic composition. For Allende CAIs we con-
firm an excess of ~10ε in 50Ti/47Ti. In contrast to earlier studies 
we found excess 50Ti in Allende bulk material (~3ε). Significant 
anomalies were also found in troilites from Estacado (H6) and in 
leachates from Allende and Murchison. The new database will be 
discussed with respect to galactic cosmic-ray interactions, nu-
cleosynthetic processes, and a possible early solar system local 
irradiation scenario. 

References: [1] Heydegger et al. 1977. Meteoritics 12:257. 
[2] Niederer et al. 1980. Astrophysical Journal 240: L73-77. [3] 
Niemeyer and Lugmair 1984 Geochimica Cosmochimica Acta 
48:1401-1416. [4] Schönbächler et al. 2004. Analyst 129: 32-37. 
[5] Leya et al. 2006. Analyst submitted. [6] Shima and Torigoye. 
1993. International Journal of Mass spectrometry and Ion Proc-
esses 123: 29-39. 
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OLIVINES IN MAGNESIAN PORPHYRITIC CHON-
DRULES: MANTLE MATERIAL OF EARLIER GEN-
ERATIONS OF DIFFERENTIATED PLANETESIMALS? 
G. Libourel1, A. N. Krot2 and M. Chaussidon1. (libou@crpg.cnrs-
nancy.fr). 1CRPG-CNRS, UPR2300, BP40, 54501 Vandœuvre 
les Nancy, France. 2Hawa‘i Institute of Geophysics and Planetol-
ogy, University of Hawai‘i at Manoa, Honolulu, HI 96822, USA. 
 

Libourel and Krot [1] reported the discovery of lithic clasts 
having granoblastic texture and composed of forsterite and Fe,Ni-
metal within Type I chondrules from the CV carbonaceous chon-
drite Vigarano. They suggested that Type I chondrules consist of 
an inherited, relict component, mainly forsteritic olivine and 
±Fe,Ni-metal, originated from olivine-dominated (dunite-like) 
mantle material of earlier generations of differentiated planetesi-
mals, and an igneous component equilibrated with nebular gas – 
glass, low-Ca pyroxene, high-Ca pyroxene, and ± silica phase. In 
this scenario, the olivine lithic fragments predate formation of 
Type I chondrules. The chondrule mesostasis, low-Ca and high-
Ca pyroxenes are the result of a reprocessing of these olivine 
clasts in the nebular gas followed by melt infiltration and pro-
gressive partial dissolution of the olivines along grain boundaries. 
The variability in chemical composition observed in the glassy 
mesostases of Type I chondrules results from the progressive ad-
dition of a volatile-rich component from the nebular gas [1-3]. If 
this interpretation is correct, detailed studies of these olivine-rich 
granoblastic aggregates can help to constrain the main character-
istics of these olivine-dominated (dunite-like) mantle material of 
earlier generations of differentiated planetesimals. We therefore 
extend our survey to other CV carbonaceous chondrites, includ-
ing Allende, Efremovka, Leoville, Mokoia and Vigarano. 

From a detailed characterization of the mineralogy and chem-
istry of these lithic clasts we confirm the occurrence of coarse-
grained forsteritic clasts with equilibrium textures inside Type I 
chondrules in all the studied CV chondrites. From their oxygen 
isotopic composition, we infer that these igneous objects, which 
are 16O-enriched [see also 4, 5] in a similar manner as refractory 
forsterites [6], may be derived from planetesimals that were dis-
rupted (they have a common ∆17O signature). However, if oli-
vines in the CV magnesian chondrules studied are lithic frag-
ments of pre-existing planetesimals, their ∆17O values indicate 
that these planetesimals may not have been sampled yet, since 
differentiated meteorites have 17O values >-3‰ [7], at the excep-
tion of olivines from a few pallasites such as Eagle Station with 
∆17O = -4.8‰ [8]. 
 

References: [1] Libourel G. and Krot A. N. (2006) Abstract 
#1334. 37th Lunar & Planetary Science Conference. [2] Tissan-
dier L. et al. (2002) Meteoritics & Planetary Science: 37, 1377-
1389. [3] Libourel G. et al. (2003) Abstract #1558. 34th Lunar & 
Planetary Science Conference. [4] Krot A. N. et al. (2005) Geo-
chimica et Cosmochimica Acta: 70, 767-779. [5] Chaussidon M. 
et al. (2006) Abstract #1335. 37th Lunar & Planetary Science 
Conference. [6] Pack A. et al. (2005) Geochimica et Cosmo-
chimica Acta: 68, 1135-1157. [7] Krot A. N. et al. (2006) Chem. 
Erde submitted. [8] Clayton R. N. and Mayeda T. K. (1996) Geo-
chimica et Cosmochimica Acta: 60, 1999-2017. 
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RECOVERY OF 5354 METEORITES IN GROVE 
MOUNTAINS, ANTARCTICA, BY THE 22ND CHINESE 
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Introduction: The Grove Mountains is one of the most me-
teorite-enriched regions in Antarctica, as demonstrated by dis-
covery of a total of 4480 specimens by the 15th, 16th and 19th 
Chinese Antarctic Research Expeditions (CHINARE) during 
1998-1999, 1999-2000 and 2002-2003 austral summer seasons, 
respectively[1-3]. In 2005-2006 season, another field party of 11 
members explored Grove Mountains again, and found a total of 
5354 fragments of meteorites. 

Results: Grove Mountains locate east to Amery ice sheet and 
about 400 km south to the Zhongshan station of China, eastern 
Antarctica. There are 64 nunataks in this region, and altitude of 
the ice fields ranges from 1850m to 2060m. On the eastern side, 
the Gale Escarptment ridge, consisting of three parts, ranges 
about 50 km in length and in direction of NNE. It blocks the ice 
sheet flowing from east, with most meteorites stranding along the 
downstream side of the ridge. 

The field party departed from Zhongshan station on Dec. 23, 
2005, and returned back on Feb. 18, 2006. It took 17 days on the 
way, and we had only 41 days on the ice fields in Grove Moun-
tains. Most of the meteorites were collected in the first 20 days, 
and the rest of time was mainly used for other fieldworks, includ-
ing geological survey, mapping, and remote sensing flow of the 
ice sheet. 

In the southern part of Gale Escarptment, there was no mo-
raine. All 21 meteorites were found on blue ice, with a total mass 
of 61g. 2438 specimens (15.9kg) were collected in the middle 
part, and 2144 of them are small fragments found in moraines. 
These small fragments are heavily weathered, with little fusion 
crust remained. They are probably fragments from much less 
number of meteorites. The northern part of Gale Escarptment is 
the most meteorite-concentrated area in Grove Mountains, with a 
total of 2847 meteorites (44.2kg in weight) found in this expedi-
tion. Although more than half of the specimens are less than 1g, 
many of them have complete fusion crusts and are not fragments 
broken by weathering. Distribution of meteorites in this area was 
continuous from moraines to blue ice without clear cutoff. The 
meteorite collection sites nearly overlaps with those in the 19th 
CHINARE, indicating continuous coming up of meteorites onto 
the surface of ice fields. 

Acknowledgements: This exploration was organized and 
supported by Chinese Arctic and Antarctic Administration and 
Polar Research Institute of China. It was also supported by the 
Natural Science Foundation of China (Grant No. 40232026). 
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913. [3] Miao B., et al. 2005. Proc. China Association for Science & 
Technology 2: 291-298.  
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OXYGEN ISOTOPIC COMPOSITIONS IN CM 
HIBONITE: IMPLICATIONS FOR SOLAR NEBULA 
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Introduction: CM hibonite crystals are known to preserve 

isotope anomalies of large magnitude in Ca, Ti and O [1-7]. A 
recent study has also confirmed the existence of apparent deficits 
in 26Mg in a population of platy hibonite crystals [8]. Unlike the 
correlation between  48Ca,  50Ti, and 26Al, oxygen anomalies 
seem to be independent of hibonite chemistry and morphology 
[1-7]. We have determined the oxygen isotopic compositions in a 
suite of Murchison hibonite grains that have been characterized 
for Mg isotopes [8] in an attempt to better understand the distri-
bution of O isotopic reservoirs in the solar nebula.  

Results and Discussion: Oxygen isotope mass spectrometry 
was performed with the UCLA CAMECA 1270 ion microprobe 
using the procedures described in [9]. In this session, 6 platy-
crystals (PLACs), 6 spinel-hibonite spherules (SHIBs) and 1 
blue-aggregate (BAG) were measured. All samples are enriched 
in 16O relative to terrestrial values with  17O ranging from  
~ −15‰ to −25‰, and one extraordinary BAG hibonite with 
 17O = −38‰.  While our results are broadly similar to those 
found previously [2,5,7], the new data show a tendency for 
PLACs to sample larger oxygen variations than SHIBs. This 
would be consistent with larger isotopic anomalies generally be-
ing associated with PLACs, however there is no apparent quanti-
tative correlation between  48Ca or  50Ti or the presence of Mg 
isotope anomalies ( 26Mg* deficits) and the magnitude of the 
observed 16O excesses.   

Among all the samples, the aggregate ANU-Hib1 is of spe-
cial interest because it exhibits very heterogeneous Mg isotopic 
compositions ( 26Mg* = 0‰ and −6‰ in 2 spots). Two different 
spots differ by ~50‰ in both  17O and  18O, and plot on a slope 
1 trajectory, offset from the CCAM line by ~15‰. If we assume 
that the primary oxygen isotope composition of the most 16O-rich 
ANU-Hib1 spot evolved off the CCAM line by mass fractiona-
tion, similar to what is observed in FUN inclusions [10], we infer 
a starting composition of ( 18O = −81‰,  17O =  −80‰), which 
is consistent with the most 16O-rich composition yet observed 
[11]. Since ANU-Hib1 is an aggregate, the large internal hetero-
geneity may be ascribed to preservation of distinct oxygen iso-
tope compositions in different hibonite laths. This implies that 
there must be multiple oxygen reservoirs present in the solar 
nebula during hibonite formation, although the poorly understood 
chronology of hibonite formation precludes conclusions regard-
ing possible evolution of those reservoirs.  

References: [1] Zinner et al. (1986) ApJL 311:103–107. 
[2] Fahey et al. (1987) ApJL, 323:91-95. [3] Fahey et al. (1987) 
GCA 51:329-350. [4] Ireland. (1990) GCA 54:3219-3237 
[5] Sahijpal et al. (2000) 31stLPSC, #1502. [6] Sahijpal et al. 
(2000) GCA 64:1989-2005. [7] Goswami et al. (2001) 32ndLPSC, 
#1576. [8] Liu et al. (2006) 37thLPSC, #2428. [9] McKeegan et 
al. (1998) Science 280:414-418. [10] Lee et al. (1980) GRL 
7:493-496. [11] Yoshitake and Yurimoto (2004) Workshop on 
Chondrites and the Protoplanetary Disk, #9049. 
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DIGGING DEEP IN THE SUPERNOVA: TiC AND Fe 
METAL COMPOSITES IN PRESOLAR GRAPHITE.  
K. Lodders. Dept. of Earth & Planetary Sci., Washington Univ., 
Campus Box 1169, St. Louis MO 63130, lodders@wustl.edu 

 
Introduction: Micron-size presolar graphite of type II su-

pernova (SN) origin can contain numerous inclusions of TiC and 
Fe,Ni-metal up to several hundred nm in size [1]. In most in-
stances, metal is directly attached to TiC subgrains, which [1] 
interpreted by TiC and metal condensation prior to graphite. 
Graphite condensation requires a C-rich environment with C/O>1 
but a typical condensation sequence at C/O>1 in an otherwise 
solar composition gas is TiC-graphite-SiC-FeSi. So FeSi con-
denses instead of metal and neither SiC nor FeSi were found in 
the grains described by [1]. Hence the question how did the TiC-
metal-bearing graphites form in SN ejecta? 

Condensates in SN Zones were calculated for a 25 solar 
mass SN using averaged zone compositions from [2]. None of the 
individual SN zones returns the observed condensate sequence 
for the grains. Zone compositions with C/O<1 can be excluded 
because they yield oxides and silicates. The He-C zone with 
C/O>1 favors TiC and graphite, but in addition SiC and FeSi 
condense. The inner C- and O-poor Si-S and Ni-zones yield met-
als, sulfides, and exotic refractory silicides for averaged compo-
sitions. These exotic condensates appear irrelevant to the ob-
served assemblage; but only the Si-S and Ni zones produce 44Ti 
and 49V whose decay products are seen in presolar SN graphites. 

Digging Deeper: The ejecta composition of the Ni-zone is 
quite variable as it depends on the mass-cut and fall back from 
the SN explosion. A check of the condensates along the composi-
tional gradient of the Ni-zone ejecta shows that titanides such as 
Ti5Si3 and (Fe,Ni)2Ti also appear. Formation of refractory 
(Fe,Ni)2Ti is especially favored if Si and S abundances are re-
duced. This can be achieved at the innermost ejecta by complete 
Si-burning with α-rich freeze-out also responsible for 44Ti. 

Formation of (Fe,Ni)2Ti is the key to the presolar grain ob-
servations [3]. If the Si and S-poor ejecta make it to the C-rich 
He-C zone, carburization via (Fe,Ni)2Ti + C = TiC + 2 (Fe,Ni) 
can explain the observed TiC-metal grains in the presolar graph-
ite. However, the Ni-zone ejecta must cross the Si-S zone and the 
O-rich O-Si, O-Ne, and O-C zones without mixing before reach-
ing the He-C zone. This may not be a problem if the products of 
α-rich freeze-out are ejected from the core in bipolar jets, which 
are known to be associated with asymmetric core-collapse SN. 

References: [1] Croat T.K. et al. 2003. Geochim. Cosmo-
chim. Acta 67: 4705. [2] Rauscher T. et al. 2002. Astrophys. J. 
576:323. [3] Lodders K. 2006. Astrophys. J, submitted. 
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GERMANIUM ISOTOPIC VARIATIONS IN IRON 
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Introduction: Magmatic and nonmagmatic iron meteorites 

have been though to represent distinct portion of planetesimals, 
core and outer part of differentiated bodies, respectively. How-
ever, processes by  which the nonmagmatic irons (IAB-IICD and 
IIE groups) are generated, near-surface impact-melt model [1] vs. 
deep origin [2] remain unsolved, especially for the IIE groups. In 
this respect, Germanium which is the most volatile siderophile 
element  is sensitive to processes linked to core formation, such as 
metal-silicate diffusion and redox process, and to evaporation 
processes [3]. Ge elemental distribution and Ge isotopic ratios can 
thus provide informations on the mechanisms of formation and 
origin of iron meteorites. We present additional Ge isotope data of 
IIAB, IIIAB, IIC magmatic and IAB-IICD, IIE nonmagmatic iron 
meteorites, on samples covering a broad range of Ge concentra-
tions. 

Methods: Ge isotopes are measured using the Isoprobe Multi-
Collector ICP-MS (CRPG-Nancy) with a precision better than 
0.06δ ‰ per amu (2σ total external reproducibility on 11 total 
replicate analyses of the Magura IAB meteorite, including chemis-
try, in 7 sessions during 4 years)(‰ δxGe= 
((xGe/70Ge)sa/(xGe/70Ge)JMC Std -1)*1000). Germanium was per-
fectly isolated from the matrix by liquid-liquid chromatography 
[4,5]. 

Results-Discussion: In comparison to previous results, the 
variations of Ge isotopic ratios have been extended, with a total 
range of δ74Ge from -0.22 to 1.86‰, defining a single mass frac-
tionation line similar to the TMFL [5]. The δ74Ge data show a 
remarquable distinction between magmatic and nonmagmatic 
groups, without any inter-group correlations with  Ge, Ir, Ni con-
tents: 

- magmatic groups have similar and high δ74Ge values (δ74Ge 
= +1,35 to +1,86‰) for distinct Ge contents. The precision of data 
even allows distinction between IIA (δ74Ge=1,77±0,17‰) and IIB 
(δ74Ge=1,35‰) samples. 

- nonmagmatic groups have low δ74Ge values: high Ge IAB-
IICD samples have clustered values around 1,15±0,19 ‰ ; low Ge 
IIE samples have lower values with distinction between the Miles 
group (-0,22 -> +0,43‰) and Watson (1,4‰). 

Whatever the complex history of magmatic and nonmagmatic 
irons leading to their Ge-Ir-Ni geochemical trends (e.g. fractional 
crystallization, trapped liquid, impact melt mixing; [1,2,6]), it does 
not govern the isotopic fractionation of Germanium. The data will 
be discussed as follows: (1) isotopic fractionation in the early 
stage of formation of these irons, and reflecting the specific redox 
state of Germanium : either by core segregation for magmatic iron 
(Ge reduction in metal form, diffusion/reequilibration) or impact 
melt/gas for nonmagmatic group (formation of volatile Ge oxides 
enriched in 70Ge) ; 2) more likely, they can also reflect the isotopic 
composition of their parent body and thus their degree of redox 
state. In this way, the correlation between δ74Ge of a given group 
of iron (this work) and Δ17O of their silicate inclusions and chon-
dritic parent bodies [7] will be discussed. 

References: [1] Choi B.G.et al. 1995. Geochimica Cosmo-
chimica Acta 59:593-612. [2] Bogard D.D. et al. 2000. Geo-
chimica Cosmochimica Acta 64:2133-2154. [3] Schmitt W. et al. 
1989. Geochimica Cosmochimica Acta 51:4439-4448. [4] Luais B. 
et al. (2000) Geoanalysis 47-48. [5] Luais B.(2003) Meteoritics & 
Planetary Science 38: A31. [6] Cook D.L. 2004. Geochimica 
Cosmochimica Acta 68:1413-1431. [7] Clayton R.N. 1993. Annual 
Review of Earth and Planetary Science 21:115-149. 
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Introduction: The 1.07 Ma old Bosumtwi impact structure, 

Ghana (06°32´N, 01°25´W) is a young and excellent preserved 
complex crater. As part of the Bosumtwi Core Drilling Project 
(BCDP) two cores were drilled into impactites (BCDP-7A: annu-
lar moat, BCDP-8A: central uplift). In contrast to the broad spec-
trum of target and impact lithologies found on the crater rim, the 
drill cores mainly consist of meta-greywackes, phyllites and im-
pact breccias [1, 2].  The goal of this isotope study is to constrain 
the precursor lithologies of Bosumtwi-related impact glasses 
(Ivory Coast tektites [IVC] and microtektites). 

Samples: We investigated (1) six breccias of cores 7A and 
8A,  (2) two meta-greywackes (7A), and (3) two shales (7A). (1)  
consist of mineral (mainly quartz, feldspar, and calcite) and lithic 
fragments (meta-greywacke and a variety of shales to phyllite) 
ranging in diameter from 0.1 to 10 cm. The fine grained matrix  
additionally contains sheet silicates. To estimate the influence of 
clasts to the whole rock isotope systematics different parts of 
breccias were separated, i.e. (i) domains exclusively consisting of 
matrix and clasts ≤ 0.5 cm, (ii) such with matrix and clasts 
mainly larger than 1 cm, and (iii) single large meta-greywacke 
clasts (≥ 5 cm). (2) one meta-greywacke is medium grained, the 
other one phyllitic; (3) the shales are grey to dark grey, very fine 
grained, and display a foliation; they have a powdery consis-
tence. 

Rb-Sr isotope data: The breccias from core 8A have 
87Sr/86Sr ratios between 0.703350±14 (2σ) and 0.708955±12,  
those of core 7A higher values from 0.720310±13 to 0.72581±10. 
The breccia domains (i), (ii), and (iii) don´t display large varia-
tion indicating the absence of not yet sampled target lithologies 
(e.g., granitoids) in the matrix. Two shales of 7A show much 
higher present day 87Sr/86Sr ratios (0.728310±13 and 
0.750205±14) which is within the range published by [3] for 
shales, greywackes, and phyllites collected at the rim and in the 
vicinity of the crater. Reflecting the lower content of micas, 
greywackes of core 7A yield relatively low 87Sr/86Sr ratios  
(0.716423±14 and 0.718968±14), in accordance with our earlier 
results of core 8A [4]. Respective regression line calculations 
using the different lithologies result in rather low initial 87Sr/86Sr 
ratios of 0.7107 (7A) and 0.7027 (8A); the correspondent age 
values do not date a so far documented  event, their geological 
relevance is questionable.  

Outlook: The current set of isotope data does not allow to 
correlate specific target rocks with IVC. Therefore further iso-
tope studies (Rb-Sr, Sm-Nd) as well as SEM analyses are in pro-
gress. 

References: [1] Reimold W. U. et al. 2006. Abstract #1350. 37th 
Lunar & Planetary Science Conference. [2] Deutsch A. et al. 2006. Ab-
stract #1292. 37th Lunar & Planetary Science Conference. [3] Koeberl C. 
et al. 1998. Geochimica et Cosmochimica Acta, pp.2179-2196. [4] Luetke 
S. et al. 2006. Abstract #1811 37th Lunar & Planetary Science Confer-
ence . 

Acknowledgements: We appreciate support by DFG grant De 
401/19. Skillful technical assistance was given by H. Baier, U. Heitmann 
and V. Heinrich. 

69th Annual Meteoritical Society Meeting (2006) 5273.pdf




