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DISTRIBUTION OF FeO/(FeO+MgO) IN SEMARKONA 
CHONDRULES: IMPLICATIONS FOR CHONDRULE 
FORMATION AND NEBULAR EVOLUTION.   
Mari Takagi, Heinz Huber, Alan E. Rubin, and John T. Wasson. 
University of California, Los Angeles, CA 90095-1567, USA. e-
mail: mtakagi@ucla.edu 
 

     The distribution of FeO in chondrules provides an important 
constraint on chondrule formation.  In this study we measured the 
FeO/(FeO + MgO) ratio (FFM) in every chondrule in LL3.0 Se-
markona (thin section USNM 1805-3).  For each chondrule or 
chondrule fragment we measured the radius and the area.  We 
analyzed several small olivine grains (<10 µm) and the centers 
and edges of several phenocrysts in each chondrule to obtain 
FFM ratios. Pyroxene was analyzed when it was a major phase. 
 

 
     Figure 1.  This FFM histogram shows a high peak at low Fa 
(<2 mol%) and a broad peak centered around Fa 14-15. 
 
     We also developed a simple Monte-Carlo computational 
model to examine the manner in which the observed bimodal 
FFM distribution was produced.  To simulate the evolution proc-
esses of fayalite contents in the chondrules, we tested different 
sets of parameters and scenarios including systematic increases in 
the FeO content of the fine fraction of the solar nebula, the fre-
quency of chondrule fragmentation events, and the fraction of the 
chondrule mass removed by such events.  The models showed 
that a broad high-FeO peak can be reproduced by having a large 
number of cycles wherein small percentages of the chondrules 
disrupt and acquire steadily increasing FeO in each cycle.  This 
suggests that chondrules experienced a large number of nebular 
fragmentation events, acquired nebular fines, and, during subse-
quent melting events, gradually increased in FFM.  Thus, the ob-
served chondrule FFM distribution appears to be consistent with 
low-FeO and high-FeO chondrules forming a single evolutionary 
sequence. 
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AUTOMATIC DETECTION OF FIREBALLS IN ALL-SKY 
IMAGES II: ANALYSIS OF CONCAM DATASET.  
G. Tancredi1 and J.C. Tulic1. 1Depto. Astronomía, Fac. Ciencias, 
Montevideo, Uruguay. E-mail: gonzalo@fisica.edu.uy.  

 
 
The CONtinuous CAMeras (CONCAMs)  Project consists on 

a set of actually 8 fisheye all-sky cameras that monitor the sky 
from sunset to dawn [1]. Most of the cameras are located in the 
best astronomical sites (e.g. Mauna Kea, Kitt Peak, Canary Is-
lands, Siding Springs) (see http://nightskylive.net/). Some of 
them have been continously operating for more than 3 years. It 
constitutes an important dataset to monitor any bright and vari-
able phenomena that occurs in the sky. 

Fireballs has been continously detected in CONCAMs im-
ages. Special efforts has been conducted to analyse the images 
during the Leoinid showers of 2001 and 2002 [2,3,4]; but the 
bulk of the images have not been analysed yet. The images are 
publically available in the Internet to be downloaded. 

We have applied the algorithm for the automatic detection of 
fireballs in all-sky images presented elsewhere [5] to the CON-
CAM images. The algorithm is based on the application of the 
Hough transform in the image plane. The fireball trails look 
curved in the image plane but they correspond to maximum cir-
cles in the sky. 

The whole dataset of CONCAMs images corresponding to 
the 8 cameras has been analysed. Statistics on the number of me-
teors as a function of brightness, epoch of the year, etc. is pre-
sented. 

 
References 
[1] Nemiroff R. and Rafert B. 1999. Publications of the As-

tronomical Society of the Pacific, 111:886-897. [2] Rafert, J. B. 
et al. 2002. Bulletin of the American Astronomical Society, 
34:560. [3] Fleming, A. J. et al. 2002. Bulletin of the American 
Astronomical Society, 34:1173. [4] Brosch N. and Manulis I. 
2002. In: Proceedings of Asteroids, Comets, Meteors - ACM 
2002. ESA Publications Division, pp. 273 – 276. [5] Tancredi G. 
et al. 2004. In this Proceedings. 
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AUTOMATIC DETECTION OF FIREBALLS IN ALL-SKY 
IMAGES I: THE CAMERA AND THE ALGORITHM.  
G. Tancredi1 , A. Ceretta2 and J.C. Tulic1. 1Depto. Astronomía, 
Fac. Ciencias, Montevideo, Uruguay. E-mail: 
gonzalo@fisica.edu.uy. 2Observatorio Astronómico “Los 
Molinos”, Montevideo, Uruguay. 

 
We have developed an all-sky camera to detect fireballs and 

bright meteors. It is also used as a cloud detector to remotely 
monitor the weather. This hub cap-type camera is built with 
comercial components like a alumized light shield cap as the 
hemispherical reflector and a color webcamera as a detector. The 
camera is inslalled in a closed cabinet that can be remotely 
opened. In the cabinet we install several sensors to monitor the 
weather. It checks if it is raining or windy to decide whether to 
open or close the camera. It also has a moving ring to eclipse the 
Sun and the Moon when they are over the horizon. The camera 
works autonomously during day and night. The first version of 
the system is installed in the Observatorio Astronómico “Los 
Molinos” (north of Montevideo, Uruguay). We plan to install a 
network of this type of instruments with the objetive to determine 
the fireball trajectory and possibly recover the associated meteor-
ite. 

For the automatic detection of the fireballs we have devel-
oped an algorithm based on the application of the Hough trans-
form in the image plane. Taking into consideration that the fire-
ball trails look curved in the image plane but they correspond to 
maximum circles in the sky, we have developed the transforma-
tion from the x-y image plane phase-space to the phase-space of 
inclination and azimuth (i-Az

0
) of the trail. After flat-fielding the 

image and binarized it, we applied the Hough transform and look 
for peaks in the (i-Az

0
) phase space. Trails of a few tens of de-

grees long are easily detected with the algorithm. 
We present results of the application of the algorithm to all-

sky images of either the hub cap-type as well as the fisheye lens-
type. 

 

67th Annual Meteoritical Society Meeting (2004) 5168.pdf



IN SITU INVESTIGATION OF Al-Mg SYSTEMATICS IN 
EFREMOVKA CAI E62.  
D.J. Taylor1*, K.D. McKeegan1, A.N. Krot2, and I.D. Hutcheon3. 
1Dept. of Earth and Space Sciences, UCLA, Los Angeles, CA, 
USA 90095. *dtaylor@ess.ucla.edu. 2HIGP/SOEST, University 
of Hawaii at Manoa, HI 96822. 3Lawrence Livermore National 
Laboratory, Livermore, CA 94451, USA.  

 
Introduction: Recent high-precision measurements of Mg 

isotope compositions of bulk CAIs from CV3 meteorites have 
called into question the canonical interpretation of the initial 
26Al/27Al composition of the early solar system [1].  Based on 
analyses of circa one dozen CAIs, Galy and co-workers infer an 
initial 26Al/27Al ~7 10-5 which pertains to the time of Al/Mg frac-
tionation of CAI reservoirs, presumably related to condensation 
of CAI precursor minerals. The well-known value of ~4.5 10-5, 
measured by in situ methods primarily on anorthite [2], would, in 
this interpretation, reflect internal Mg isotope re-setting ~0.4 Ma 
following condensation.  Efremovka CAI E62 is potentially an 
important sample for investigating this hypothesis; its bulk 
Al/Mg composition of 9.4 and its bulk  26Mg* of 5.50±0.39 are a 
factor of 2 higher than any sample reported in [1]. 

Sample; Methods: E62 is a compact Type A CAI composed 
of gehlenitic melilite (Åkx 5.5-14) with small (<50  m) subhedral 
grains of hibonite concentrated in clumps inward of the inclusion 
mantle. Spinel is rare; pyroxene is absent. Mg isotope composi-
tions were determined in ~5  m spots with the UCLA Cameca 
ims 1270 ion microprobe operated in monocollection mode.  

Results:  26Mg* in hibonite is well-correlated with Al/Mg; a 
weighted fit with spinel yields 26Al/27Al = (6.1±0.6) 10-5 with an 
intercept = −1.9‰ . Because of the relatively large uncertainty on 
the single spinel analysis, the data could also be fit by a zero in-
tercept and a slope of ~5 10-5. Melilite is clearly not on the iso-
chron and shows an elevated  26Mg* independent of Al/Mg.  The 
Mg mass fractionation of melilite is close to that of the bulk CAI 
(−1.2‰; [3]), and is completely out of equilibrium with hibonite 
and spinel (~ +12 and +10‰, respectively). These complex sys-
tematics indicate that melilite could not have formed by closed 
system evolution from condensation and/or crystallization from 
the same reservoir as hibonite. A mass-balance problem for Mg 
in E62 must be resolved to reconcile the bulk and in situ data. 
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References: [1] Galy A. et al. 2004. Abstract #1790, 35th Lunar & 

Planetary Science Conference. [2] MacPherson G.J. et al. 1995. Meteorit-
ics 30:365-386. [3] Simon S.B. et al. 2004. Abstract #1684, 35th Lunar & 
Planetary Science Conference.  
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AN UNUSUAL METEORITE CLAST IN LUNAR REGO- 
LITH BRECCIA, PCA 02-007. 
Lawrence A. Taylor1, Allan Patchen1, Christine Floss2, and   
Dawn Taylor1;  1 Planetary Geosciences Institute, Earth & Plane-
tary Sci., Univ. of Tennessee, Knoxville, TN 37996;  2 Lab for 
Space Science, Washington Univ., St. Louis, MO 63130. 
 
       Introduction – Fragments of meteorites have been reported 
from virtually all lunar soils, albeit these are almost exclusively 
pieces of kamacite-taenite metal containing troilite + schreiber-
site.  However, a relatively large >1mm clast of the silicate por-
tion of a meteorite was recently discovered in a lunar regolith 
breccia that fell to Earth as a meteorite and recovered in Antarc-
tica – PCA 02-007 [1-2].  This clast does not resemble any ‘nor-
mal’ chondrite or achondrite; instead, we have focused our atten-
tion on its being a chip of an unusual chondrule. 
        PCA 02-007, a lunar meteorite from the Antarctic, is a feld-
spathic regolith breccia, consisting of a large highland compo-
nent, with a small but significant contribution of VLT basalt 
clasts and minerals [1-3].  This lunar breccia contains an espe-
cially large meteorite signature, both in its numerous FeNi grains 
and a meteorite fragment, but also in its siderophile (e.g., Ir) con-
tents [1-2]. 
       Meteorite Clast:  The texture of this clast consists of 5-30 
 m angular chips and fragments of olivine (46.5 vol%) with in-
terstitial plagioclase (19.9%), glass (28.8%), and 2-80  m grains 
of sulfides and FeNi metal (4.8%).   The cores of the olivines are 
Fo 98.7, with large rims of Fo ~82, with the most Fe-rich being 
Fo 44.6.  It appears that the initial olivines were subjected to a 
metasomatic fluid, extremely rich in Fe that has begun the modi-
fication of the almost pure forsterite into more Fe-rich variations.   
However, the cooling rate associated with this process was rela-
tively rapid (e.g., 5-10 °C/hr), based upon the olivine speedometer 
of Taylor et al. [4].  The glass may be representative of this Fe 
source, with its composition of 43% SiO2; 23% FeO; 0.9% MgO; 
19% CaO; 8.2% Al2O3; 0.8% Na2O; and 1.2% P2O5.  Specks of 
Cr <1 m were seen in the glass by X-ray mapping (=chromite?).  
Plagioclase is consistently AN80.   
       The FeNi metal in the olivine contains ~6% Ni, whereas the 
taenite associated with the sulfides contains 46-50%, with a 
maximum of 51.4% Ni, tetrataenite.  The sulfide phases consist 
of pyrrhotite, not troilite, with 3.7% Ni, and pentlandite, with 
0.5% Co and 0.13% Cu.  It would appear that the sulfide was 
originally present as Fe-Ni-S monosulfide solid solution, which 
underwent exsolution upon cooling.  
       Origin:  A plausible explanation for this meteorite fragment 
appears to be as a portion of a larger chondrule, such as the pla-
gioclase ones recently described by Krot et al. [5].  However, this 
remains an open subject at present. 

References:  [1] Taylor, L.A. et al., 2004, LPSC XXXV, 
CD-Rom #1755; [2] Korotev, R. et al., 2004, LPSC XXXV, CD-
Rom # 1416; [3] Ziegler et al., 2004, LPSC XXXV, CD-Rom 
#1978; [4] Taylor, L.A. et al., 1977, PLSC 8th, 1581-1592;  [5] 
Krot, A.N. et al., 2002, Meteor. Planet. Sci. 37: 155-182.  
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THE GENTLE SEPARATION OF PRESOLAR SiC 
GRAINS FROM METEORITES AND THEIR ANALYSIS 
BY TOF-SIMS. 
J. Tizard1, T. Henkel1, and I. Lyon1. 1University of Manchester, 
M13 9PL, UK. Julia.M.Tizard@stud.man.ac.uk 
 

Introduction: Methods of extracting presolar SiC grains us-
ing acid dissolution have been developed over the past 17 years 
and isotopic analyses of thousands of grains separated by this 
method have been published over recent years [1].  However, 
there is evidence that the grains may be chemically altered by the 
harsh acids [2] and any non-refractory coat or inclusions to the 
grains would also be destroyed.  This has led to the development 
of other methods for identifying grains [3].  This paper describes 
the development of a new and efficient method of SiC separation 
by non corrosive methods, and the preliminary results from TOF-
SIMS analysis of the SiC isolated by this new procedure.  

SiC Isolation: SiC grains were successfully enriched from 
~6 ppm abundance in the Murchison whole rock to 0.7 % abun-
dance in the 0.5-5 micron 3.14-3.19 g/cc separation using a tai-
lored non-corrosive separation scheme. Freeze-thaw disaggega-
tion with ultra pure water was used to break up the rock followed 
by systems of size separations in isopropanol-water mix and den-
sity separations in heavy liquids to isolate the SiC. Cameca 
SX100 Electron Microprobe (EMPA) elemental mapping in Si, 
C, Mg and O of the 3.14-3.19 g/cc density separation was used to 
identify SiC grains candidates from silicates.  Subsequent EDS 
analysis of individual grain candidates revealed a ~80 % success 
rate in identifying true SiC. From an initial 32 mg of the Murchi-
son meteorite 0.2 mg was left in the 0.5-5 micron, 3.14-3.19 g/cc 
density separation. A small aliquot from this separation was 
spread over a 10 mm2 gold foil. Approximately 120 SiC grains 
were found over a 1.8 mm2 area analysed so far. 

TOFSIMS Analysis: Isotopic analysis of the SiC grains 
from this new separation procedure has been carried out by a new 
Time-of-Flight Secondary Ion Mass Spectrometer (TOFSIMS) 
[4] at Manchester.  SiC grains from the KJG Murchison acid 
residue donated by S Amari and R Lewis [5] have also been ana-
lysed. Data collected to date is consistent with mainstream SiC. 
Results from these grains and additional data from both gentle 
and acid residue separations will be presented.  
 

References: [1] Hoppe P. and Zinner E. 2000. Journal of 
Geophysical Research-Space Physics 105:10371-10385. [2] 
Henkel T. et al. 2001.  Meteoritics and Planetary Science 
36:A78. [3] Messenger S. and Bernatowicz T. 2001. Journal of 
Geophysical Research 90:1151–1154. [4] Tizard J. et al. 2003. 
Meteoritics and Planetary Science 38:A5129. [5] Amari S. et al. 
1994. Geochimica and Cosmochimica Acta 58:459-470. 
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EVIDENCE OF BIOLOGICAL ACTIVITIES IN A DEPTH 
PROFILE THROUGH MARTIAN METEORITE NAKHLA.  
J. Toporski1 and A. Steele1. 1Geophysical Laboratory, Carnegie 
Institution of Washington, 5251 Broad Branch Road NW, Wash-
ington DC 20015-1305, USA. J.toporski@gl.ciw.edu  

 
Introduction: As with Martian meteorite ALH84001 [1], 

Nakhla has previously been shown to be contaminated by terres-
trial microbiota of unknown origin and identity [2, 3, 4, 5]. These 
studies investigated a depth profile through the meteorite consist-
ing of four samples (fusion crust, underneath the fusion crust, 
midway through the meteorite and from the center). Although 
suggesting the presence of microbial organisms, the results were 
regarded as being controversial, because conclusive demonstra-
tion of biological origin remained difficult. We therefore aimed 
to demonstrate the possible (bio)dynamics of these valuable sam-
ples with continued observation after a time period of approxi-
mately four years. We continued electron optical observations 
(together with EDX for elemental composition), to monitor mor-
phological changes, possible microscopic alterations and lateral 
distribution on the sample surface, in combination with epifluo-
rescence microscopy (EM) to test for the possible presence of 
biomolecules such as DNA (biological stain DAPI). 

Results and Discussion: The results of this four-year study 
showed that previously observed carbon-rich structures where not 
only still present, but although difficult to quantify, it became 
clear that their number has increased over time. Furthermore it 
was observed the morphology of some previously studied struc-
tures changed, and microscopic alteration in the surface texture 
was observed, indicating a dynamic system with growth phases 
followed by decay. Epifluorescens microscopy studies resulted in 
positive staining responses indicating the presence of biological 
material by the presence of DNA. From this study and our previ-
ous observations, we have no reason to believe that these struc-
tures are of abiogenic, possible mineralogical origin. Due to our 
observations we believe that these features represent filamentous 
microbiota, which has the capability to maintain metabolic activi-
ties under the given storage conditions. Current experiments in-
volve the identification of the microbiota, which may serve as an 
important indicator of the contamination source and active meta-
bolic processes and contribute to optimize definitions relevant in 
sample curation and planetary protection. 

Acknowledgements:  The authors would like to thank 
D.S. McKay (NASA JSC, Houston, TX), F. Westall 
(CNRS Orleans, France) and B. Kessler.  

References: [1] Steele et al., MaPS, 35, 237-241. [2] 
Toporski, J., et al. (1999), LPSC XXX , Abstract 1526. [3] 
Toporski, J. et al. (2000) LPSC XXXI., Abstract 1636 [4] 
Whitby C. et al. (2000) LPSC XXXI, Abstract 1732. [5] 
Steele et al., Microscopy and Analysis, 83, 5-7. 
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THE “VILLALBETO DE LA PEÑA” METEORITE FALL: 
BOLIDE DESCRIPTION, RECOVERY AND 
CLASSIFICATION. 
 
J.M. Trigo-Rodriguez1, J. Llorca2,3, J.L. Ortiz4, J.A. Docobo5, A. 
Castro-Tirado4, J. Garcia-Guinea6, A.E. Rubin1, P. Spurny7, J. 
Borovicka7 and I. Casanova8. 1 Institute of Geophysics, UCLA, 
CA 90095-1567 USA. E-mail: jtrigor@ucla.edu. 2 Departament 
Química Inorgànica, Universitat de Barcelona. 3 Institut d’Estudis 
Espacials de Catalunya. 4 Instituto Astrofísica de Andalucía 
(CSIC). 5 Observatorio Astronómico Ramon Maria Aller and 
Universidade de Santiago de Compostela. 6 Museo Nacional de 
Ciencias Naturales. 7 Astronomical Institute Czech Academy of 
Sciences, Ondrejov Observatory. 8 Universitat Politècnica de 
Catalunya. 

 
An impressive fireball of absolute magnitude -18 1 was ob-

served around 16h46m45s  10s UTC on Sunday 4 January 2004. 
Although it appeared in broad daylight it was seen by thousands 
of people, who were attending diverse festivities in the northern 
part of the Iberian Peninsula. Some of them were able to obtain a 
video record and photographs of the fireball flight and the persis-
tent train. The fireball coursed north-eastward over the Leon and 
Palencia provinces and experienced various explosions along its 
trajectory; the main fragmentation occurred at 24±1 km. The 
biggest fragments continued their flight, producing light below 
20 km. After the dark flight, many fragments with a total mass on 
the order of tens of kilograms reached the ground. Due to the 
small slope of the atmospheric trajectory and many fragmenta-
tion events, the meteorites were dispersed over a large impact 
area. Thundering detonations were heard over a wide area and 
several localities in Leon and Palencia felt a strong pressure 
wave that made buildings and windows tremble. A long, smoky 
trail remained visible in the sky for nearly 30 minutes.  

 
The first meteorites, covered with a black fusion crust, were 

found one week later near Villalbeto de la Peña, in northern 
Palencia (Spain). Our team developed in the following weeks an 
intensive campaign to recover all possible meteorites and to de-
termine their exact positions. Over 3 kg have been recovered to 
date from different villages located in a wide area. The meteorite 
has been named Villalbeto De la Peña in reference to the village 
where the first specimens were recovered. Microprobe analyses 
of olivines and pyroxenes and petrographic examination of two 
thin sections of the type specimen reveal that the meteorite is an 
L6 (S4) chondrite. We are currently reconstructing the trajectory 
of the fireball, from an altitude of ca. 70 km to the ending point 
below 20 km, and determining the orbit of the parent body in the 
solar system. This will represent another valuable case where it is 
possible to determine accurately the origin of a recovered mete-
orite. The analysis of the data gathered on the speed, luminosity, 
sound phenomena, penetration of the material in the atmosphere 
and the persistent train as well as the analysis of the meteorite 
itself will provide the best documented case of a meteorite fall in 
Spain. We thank the Instituto Nacional de Meteorología the at-
mospheric profile that enabled modeling of the dark flight of the 
meteorites; we also thank the members of the Asociación 
Leonesa de Astronomía and the Agrupación Astronómica Palen-
tina for their collaboration in the recovery tasks. 
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DENSITY AND POROSITY MEASUREMENT OF ANT-
ARCTIC MICROMETEORITES USING MICROTOMO-
GRAPHY.  
A. Tsuchiyama1, T. Okazawa1, T. Noguchi2, H. Yano3, T. Osawa4, 
T. Nakamura5, K. Nakamura1, T. Nakano6, K. Uesugi7 and H. 
Yasuda8. 1Department of Earth and Space Science, Osaka Uni-
versity: akira@ess.sci.osaka-u.ac.jp, 2Department of Material 
Sciences and Biological Sciences, Ibaraki University, 
3ISAS/JAXA, 4Laboratory for Earthquake Chemistry, The Uni-
versity of Tokyo, 5Department of Earth and Planetary Sciences, 
Kyushu University, 6GSJ/AIST, 7SP8/JASRI, 8Department of 
Adaptive Machine Systems, Osaka University.  

 
Introduction: Density and porosity are one of the most im-

portant physical properties for materials. However, it is difficult 
to measure the densities and porosities of micrometeorites (MMs) 
precisely due to their small sizes. We have developed a new tech-
nique to obtain the densities of such small materials using x-ray 
microtomography and an ultra-microbalance. Porosities can be 
also measured from the microtomography.  

Experiments: Twelve Antarctic MMs (0.1-0.3 mm in size) 
were imaged using x-ray microtomography system (SP- CT [1]) 
at BL47XU of SPring-8 with the spatial resolution of about 1.3 
 m. The volumes and porosities were obtained by image analysis 
of the 3-D CT images. The masses of nine of the MMs were 
measured by an ultra-microbalance (Mettler-Toledo: UMX2 with 
the lower limit of 0.1  g, which corresponds to a MM of about 
0.05 mm in size). The mineral phases included in seven of the 
MMs were determined by SR-XRD at the beamline 3A of Photon 
factory. Five samples were cut by an ultra-microtome and ob-
served under an FE-SEM (JEOL: JSM-6500F) to compare CT 
images. The densities of standard materials (quartz, olivine, rutile 
and magnetite) were also measured to evaluate the accuracy of 
the present method. They were almost the same as those meas-
ured by conventional hydrostatic method mostly within the accu-
racy of 2%. The error is mainly due to the mass measurement.  

Results and discussion: The porosities of scoriaceous and 
non-scaoriaceous samples were 5-28 and 0-6 vol.%, respectively. 
There are many pores that seem to be closed in 2-D cross sections 
but are open to the outside actually in 3-D. Bulk and solid vol-
umes with and without closed pores, respectively, were obtained 
and finally bulk and solid densities were calculated together with 
the masses. The bulk and solid densities of five scoriaceous MMs 
are 2.03-2.24 (mean: 2.15) g/cm3 and 2.27-3.12 (mean: 2.59) 
g/cm3, respectively, and those of four non-scoriaceous MMs are 
1.67-2.58 (mean: 2.00) g/cm3 and 1.68-2.66 (mean: 2.05) g/cm3, 
respectively. The mean bulk density of IDPs roughly estimated 
by the elemental composition and SEM/TEM observation (2.2 g/ 
cm3) [2] is slightly larger than that for the non-scoriaceous MMs.  

Abundant hydrous silicates were detected in one AMM (CI-
like) by SR-XRD. The grain density (2.1 g/cm3), which was esti-
mated from the modes and densities of the constituent minerals, 
was larger than the solid density by CT (1.80 g/cm3). This dis-
crepancy suggests that small pores of the size below the spatial 
resolution of the CT system are present in the samples. High-
resolution observation of the samples under the FE-SEM con-
firmed the presence of such submicron pores. The low densities 
of asteroids will be discussed from the present results. 

References: Uesugi K. et al. (2001) Nucl. Instr. Methods. 
Ser. A, 467-468: 853-856. [2] Love, S.G. et al. (1994) Icarus 111, 
227-236. 
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OXYGEN ISOTOPIC COMPOSITION AND REE 
ABUNDANCES OF A ZR-RICH-OXIDE-BEARING 
INCLUSION FROM MURCHISON. 
T. Ushikubo1, H. Hiyagon1, A. Hashimoto2 and M. Kimura3. 
1Department of Earth and Planetary Science, University of To-
kyo, Tokyo 113-0033, Japan. E-mail: ushi@eps.s.u-tokyo.ac.jp. 
2Department of Earth and Planetary Scieneces, Hokkaido Univer-
sity, Sapporo 060-0810, Japan. 3Faculty of Science, Ibaraki Uni-
versity, Mito 310-8512, Japan. 
 

We have found an ultrarefractory (UR) inclusion, named 
Romulus, which contains Zr-rich oxides and has highly fraction-
ated, UR REE patterns. Its fractionated REE abundances (en-
richment of HREE compared to LREE) suggest that the gas-dust 
separation occurred at high temperatures in the early solar nebula.  

Romulus, 270 x 110 µm in size, was recovered from Murchi-
son (CM2) by freeze-thaw disaggregation. It consists of two dis-
tinct Ca-, Al-rich parts surrounded by a forsterite rim. One is the 
UR part, consisting of Zr-Y-Ti-oxide, Zr-Y-rich fassaite, spinel, 
and refractory metals [1]. Its texture is similar to that of Ornans 
1105-42 [2]. The other part consists of fassaite and spinel, an or-
dinary mineral assemblage in refractory inclusions. 

All of the phases measured for O isotopes, viz. Zr-Y-Ti-oxide 
and Zr-Y-rich fassaite in the UR part, fassaite in the ordinary re-
fractory part, and the forsterite rim, are 16O-rich, with -40 permil 
in δ17O and δ18O, are typical of normal refractory inclusions. This 
suggests that the formation process of the particular UR inclu-
sion, Romulus, also took place in the 16O-rich environment like 
other refractory inclusions. 

Both the Zr-Y-Ti-oxide and Zr-Y-rich fassaite in the UR part 
are extremely HREE-enriched and fractionated. In the Zr-Y-Ti-
oxide, HREE abundance increases from Gd (~5,800 x CI) to Er 
(~67,000 x CI) to Lu (~120,000 x CI), the enrichment being the 
highest of ever reported in the literature; LREE and Yb abun-
dances are two to three orders of magnitude lower than those of 
HREE, e.g., La (~100 x CI), Sm (~220 x CI), Eu (~120 x CI) and 
Yb (~150 x CI). The REE pattern of the Zr-Y-rich fassaite is very 
similar to that of Zr-Y-Ti-oxide, but with lower concentrations by 
about an order of magnitude both in HREE and LREE. The ob-
served REE patterns in Romulus are very similar to that of Zr-Ti-
Y-Sc-oxide in Ornans 1105-42 [3]. 

Interestingly, fassaite in the ordinary refractory part of Romu-
lus shows a similar UR pattern to the UR part, although the en-
richment in HREE itself is smaller. The same situation has been 
recognized in Hendrix, the first kind of UR nodule ever found in 
a fine-grained inclusion from Allende, where the HREE enrich-
ment relative to LREE was observed both in the UR interior 
phases and in the surrounding diopside rim as well [4]. These 
facts cannot be explained by successive condensation from the 
unfractionated nebular gas, because lower-temperature conden-
sates such as fassaite and diopside should not have enriched 
HREE in the ordinary equilibrium condensation scheme. The UR 
inclusions must have formed in a nebular region enriched in the 
UR elements. Carriers of the UR elements were most probably 
UR dust that had been segregated from gas at very high tempera-
tures. 

References: [1] Kimura M. et al. 2003. NIPR Symp. 53. 
[2] Noonan A. F. et al. 1977. Meteoritics 12:655-658. [3] Davis 
A. M. 1991. Meteoritics 26:330. [4] Hiyagon et al. 2003. Abstract 
#1552. 34th Lunar & Planetary Science Conference. 
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ION CHARGE STATES OF THE SOLAR NOBLE GASES 
IN THE LUNAR ILMENITES. 
G. K. Ustinova. Institute of Geochemistry and Analytical Chem-
istry, Russian Academy of Sciences, Moscow 119991 Russia. 
ustinova@dubna.net.ru  

 
Introduction:  The solar wind (SW) and the solar energetic 

particles (SEP, 1-50 MeV/n), being two distinguishable compo-
nents of the solar corpuscular emanation, provide the direct clue 
to the processes in the corona and chromosphere. Indeed, the 
chromosphere and the lowest layers of the corona are the likely 
regions of the atom-ion separations, depending on the first ioniza-
tion potential (FIP) of the elements; the charge states of the ions 
are eventually formed in the equilibrium with the local electron 
temperatures Te(r) and density ne(r), and they remain unaltered in 
further processes. Thus, the physical conditions above the photo-
sphere can be studied by deriving the charge states of SW and 
SEP. Both the components are distinguished by their isotopic and 
elemental abundances. SEP, associated with the solar flares, are 
considered to be shock wave accelerated before injection from 
the corona and/or during propagation in the heliosphere. This 
leads to the SEP fractionation in proportion to A/Z or (A/Z)2  (to 
A/Q or (A/Q)2, where Q is the ion charge, if the ionization is in-
complete [1]. In the case of i and j isotopes of the same element 
the fractionation is proportional to Ai/Aj or (Ai/Aj)2, i.e. to the 
common mass-fractionation. In the stony meteorites, enriched 
with the solar noble gases, the (A/Z)2 regularity for the SEP com-
ponent has been first detected, apparently, in [2].   

      Lunar Ilmenites:  The SEP fractionation is strongly 
variable from event to event, so that its long-time average values 
provided with implanted noble gases in lunar samples are of 
paramount importance. The closed system stepped etching 
(CSSE) data [3,4] in the lunar ilmenites 71501 (I71) with the ex-
posure age  ~100 Ma and 79035 (I79) with that of ~1 Ga, are es-
pecially valuable. The solar noble gases, released by CSSE from 
the initial I71 (1) and I79 (3-4) steps of etching, turned out to be 
unfractionated SW noble gases, and those from the deep I71 (13) 
and I79 (16-17) steps were noticeably heavier, like the SEP noble 
gases. The recorded effects of higher diffusion losses of lighter 
gases during the first etching steps are easily corrected, indeed, in 
accordance with the self-diffusion coefficients of the gases [5]. 
The unexpected “paradox” that ratios of light gases (4He/36Ar and 
20Ne/36Ar) grow with the depth, whereas the 84Kr/132Xe ratio re-
mains essentially constant, turned out to be resolved in the light 
of the shock wave acceleration mechanism if the ionization of the 
SEP gases was incomplete [5].  Our modeling with respect to the 
charge states of the noble gas ions in the SW and with respect to 
the shock wave acceleration of the SEP in proportion to (A/Q)2 
leads to the average charge states of  Q = 8, 14, 18-19 and 18 for 
the ions of Ne, Ar, Kr and Xe, respectively, in I71 (13), and to 
the  ones of Q = 8, 16, 21-23 and 23 for the same ions in I79 (16-
17). The obtained charge states are rather higher than those for 
the modern SW, the average charge states for ~1 Ga being rather 
higher than those for ~100 Ma, but, on the whole, they all lie in 
the temperature range of 2-4 MK, in which the solar activity 
variation may be expected over that time scale. 

References: [1] Meyer J.-P. 1985. Astrophysical Journal, 
Suppl. 57: 151-294. [2] Rao M.N. et al. 1991. Journal of Geo-
physical Research 96: 19321-19330. [3] Benkert J.-P. et al. 1993. 
Ibid. 98: 13147-13162. [4] Wieler R., and Baur H. 1994. Meteor-
itics 29: 570-580. [5] Ustinova G.K.  2003. Abstract #1216.  34th 
Lunar & Planetary Science Conference.  
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TACT IN  THE SHERGOTTITE EETA79001 .  
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Introduction: EETA79001 consists of two shergottite 

lithologies bound by a macroscopically distinct contact. Lithol-
ogy A is an olivine-phyric shergottite and Lithology B is a basal-
tic shergottite. The petrogenesis of these lithologies have been 
ascribed to igneous and/or impact processes [1,2]. No systematic 
study has been conducted on the nature of the contact however, in 
order to determine the relationship between the two lithologies. 
Here we present current data on phase changes across the contact 
that might aid our understanding of the petrogenesis of this mete-
orite, and we discuss implications for a physical volcanological 
setting on Mars. 

Digital Modal Analysis: Thin sections containing the con-
tact were mapped with the electron microprobe, and x-ray maps 
were stacked and mosaicked in order to digitally identify phases 
and determine modes according to the techniques indicated in [3]. 
The technique allows us to identify distinct pyroxene phases that 
could not practically be distinguished with the petrographic mi-
croscope. Modes were determined in small increments across the 
contact and indicate that maskelynite gradually decreases across 
the contact, from Lithology B into Lithology A. Total pigeonite 
to maskelynite ratio increases in a fairly systematic fashion from 
Lithology B (1.5) into Lithology A (3.1). 

Crystal Size Distribution Functions (CSD’s): CSD’s have 
been applied to EETA79001 in an attempt to elucidate the crys-
tallization history of Martian melts [4], although it has not been 
applied across the contact. Despite the effective identification of 
different pyroxenes, we find several problematic geometric fac-
tors preventing application of this technique with confidence to 
the pyroxenes and maskelynite, and therefore do not apply it.  

Pigeonite Core Anomalies: Chemical profiles performed by 
electron microprobe analysis reveal that some pyroxenes in 
Lithology B display complex zoning patterns that resemble those 
observed in QUE94201 [5]. In these pyroxenes, pigeonites have 
cores with reversely zoned Low-Mg anomalies – a feature that 
has thus far not been observed. 

Conclusions: We contend that the contact in EETA79001 
holds valuable information regarding the petrogenesis of the two 
shergottite lithologies, and provides unique insights into volcanic 
flow dynamics on Mars. Although no reliable information is 
thought to be extractable from CSD’s, modal analysis indicates 
some gradation across the contact. Ratios of pyroxene to maske-
lynite indicate an increase from one lithology into the other. 
Low-Mg anomalies are manifested in the cores of pigeonite 
phenocrysts in Lithology B, perhaps indicating that they do not 
represent a simple single-stage crystallizing melt. 

References:  
[1] McSween H. Y. and Jarosewich E. 1983. Geochimica et 

Cosmochimica Acta 47:1501-1513. [2] Mittleflhldt D. W. et al. 
1999. Meteoritics and Planetary Science 34:357–367. [3] Van 
Niekerk. 2003. Abstract #2015. 34th Lunar & Planetary Science 
Conference. [4] Lentz R. C. F. and McSween H. Y. 2000. Mete-
oritics and Planetary Science 35:919-927. [5] McSween H. Y. et 
al. 1996. Geochimica et Cosmochimica Acta 60:4563-4569. 
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GLASSES IN METEORITES: A UNIFICATION MODEL.  
M. E. Varela1 and G. Kurat2, 1CONICET-UNS, Dpto. Geologia, San 
Juan 670, (8000) B. Blanca, Argentina, evarela@criba.edu.ar, 2Dept. 
Geolog. Sci., University of Vienna, Vienna, Austria. 

 
Introduction: Glasses are present in the oldest rocks we know, chon-
drites, achondrites and iron meteorites. They occur as glass inclusions in 
olivines and pyroxenes in carbonaceous, ordinary and enstatite chondrites 
(CC, OC, EC), as mesostasis in chondrules, as glass patches in angrites, as 
glass spheres and fragments in howardites and iron meteorites or fill open 
spaces in angrites and eucrites (e.g., hollow spheres, druses and fractures). 
In chondrites, glasses are widely believed to be the result of igneous proc-
esses [1,2]. On the other hand, glasses in achondrites are assumed to have 
an impact origin, as their major element chemical composition is similar to 
that of their respective bulk rocks [3,4]. However, according to our data 
[5-10] we speculate that all glasses are the result of an unique universal 
process, the nature of which is discussed below. 
Results and Discussion: Glasses have a variety of major element chemi-
cal composition. They are mostly refractory (Si-Al-Ca-rich) in CV and CR 
chondrites [5-7] and angrites [8] and grade to less refractory, Si-rich ones, 
in OC and EC chondrites [11]. Glassy and glass-bearing objects usually 
have their individual major element chemical composition (e.g., chon-
drules, objects in howardites) that is variable within narrow limits, sug-
gesting individual formation and processing of each object [8-9]. In con-
trast to major elements, trace element (TE) abundances of all glasses dis-
play the same pattern. They all have unfractionated refractory lithophile 
TE abundances ~ 10 x CI, with exception of glasses in the EC (Fig.) and 
iron meteorites, and they are depleted in moderately volatile and volatile 
elements. This pattern indicates derivation of glasses from a source which 
had solar relative refractory TE abundances, very likely by condensation. 
Consequently, all glasses seem to have a common source, the solar nebula, 
and are related to a common nebular process. We suggest that they are 
remnants of the liquid that facilitated growth of well-ordered crystals from 
the gas phase by the VLS growth process [5,7,12]. Such liquid -the glass 
precursor- is refractory in composition when present in chondrules of CC. 
It not only could represent the refractory component necessary for chon-
drule formation [13,14] but an universal nebula liquid. Compositional 
variations of all other glasses mainly reflect a sub-solidus metasomatic 
exchange between the refractory glass and an external source: the cooling 
solar nebula. In this way, more evolved glasses present in EC, iron meteor-
ites and achondrites can be obtained. Chondritic glasses have not been 
processed the same way and intensity as the achondritic glasses have. 
However, in most cases, the refractory TE abundances remained un-
changed and still testify for a reservoir with relative abundances of con-
densable elements similar to those in the solar nebular.  
Conclusion: As this liquid is preserved in chondrites and achondrites it 
must have been a crucial partner in their development, a universal liquid 
that facilitated meteorite formation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References: [1] McSween 1977 GCA 41:411-418. [2] Roedder 1981 Bull. Mineral. 
104:339-353. [3] Bogard 1995 MAPS 30:244-268. [4} Olsen et al. 1987 Meteoritics 
22:81-96. [5] Kurat et al. 1997 MAPS 32:A76. [6] Varela et al. 2002a XXXIII LPSC, 
#1190. [7] Varela et al. 2002b GCA 66:1663-1679. [8] Varela et al. 2003 GCA 
67:5027-5046. [9] Kurat et al. 2003 a XXXIII LPSC, #1733. [10] Kurat et al. 2003b 
GCA 67(S1):A240. [11] Varela et al. 1998 MAPS 33:1041-1051. [12] Givargizov 
1977 Highly Anisotropic Crystals. Reidel, Dordrecht pp. 70-230, [13] Varela et al.. 
2004 GCA (submitted), [14] Kurat et al.. 2004, this volume. 
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THE POPIGAI "FLUIDIZITE" DYKES: A NEW DATA ON 
THEIR MINERALOGY AND PETROLOGY. 
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A. Palchik1. 1Institute of Mineralogy & Petrology, 630090, No-
vosibirsk-90, Russia <nadezhda@uiggm.nsc.ru>; 2University of 
Oulu, Oulu, Finland, <jouko.raitala@oulu.fi>.  

 

Introduction: Earlier [1] we reported the first description of 
tuff-like volatile-rich melt injections into the low/non-shocked 
target gneisses of the Popigai astrobleme. The dykes of these 
"fluidizites" are made up of highly-porous strongly-altered 
fluidal glass particles welded with cryptograin matrix and frag-
ments of host gneiss. Sometimes, there are relatively fresh porous 
and massive glasses. In terms of bulk geochemistry, all the 
glasses are similar both to the Popigai impact melt rocks (ta-
gamites) and the source target gneisses. Lechateli-erite schlierens 
in the dykes contain a great number of dense (up to wholly liquid 
at 20oC) fluid inclusions. This fact is of particular concern. In 
case of a water fluid, these inclusions indicate that the confining 
pressure was up to ~0.8-3.3 GPa at the lechatelierite solidifica-
tion point (~1700oC) [2]. 

New data. Alteration and porosity of the melt fraction is con-
trolled by its amount in respect to the matrix of the rock and it is 
related to quenching: 1) within the glass-enriched zones (com-
monly, <10-15 vol. % of matrix) the glass schlierens are pumice 
and strongly-altered; 2) within the transition zones (commonly, 
30 to 50 vol. % of matrix), the glass schlierens (or their frag-
ments) are of various porosity and alteration; 3) within the zones 
with the dominating matrix (>80-90 vol. %), the film-like glass 
schlierens (or their fragments) are fresh and poorly-porous. All 
low-porous glasses exhibit perlite cracks. General fabric of the 
"fluidizite" shows traces of intensive turbulent mixing. Some-
times, the matrix contains fine bands of opaque mylonite. Coesite 
and traces of stishovite are detected by X-ray in some lechatelier-
ites. In addition to the lechatelierite and molten zircon thermome-
ters (>1700oC and ~1800oC, respectively), spherules of magnetite 
(T >1590oC) are found in this study. No traces of shock meta-
morphism (except rare and weak kink-bands in biotite) are found 
in fragments of gneiss minerals from the matrix. While injecting 
into the gneiss, the hot and very mobile melt+fluid jets were thus 
unloaded to the shock pressures <7-10 GPa (the lower occurrence 
limit of PFs and PDFs in quartz, [3]), but ~3-4 GPa confining 
pressure was still present until the dense fluid inclusions were 
conserved in lechatelierite.  

Conclusion: The origin of the dykes is rather specific. 
Melt+fluid injections into the low-shocked gneisses at least 12-
15 km away from the impact melting zone show that the volatile-
rich melt was still very mobile and not completely unloaded. We 
suppose that water buffer delayed the rarefaction of the "wet" 
melts [2]. We also suppose that conservation of dense fluid inclu-
sions in lechatelierite is an exclusive feature of largest astroble-
mes only, where the quenching of high-temperature products 
could take place before the complete unloading. Detailed study 
of these fluid inclusions in the lechatelierite is in progress. 

References: [1] Vishnevsky S. et al. 2003. Abstract # 4034. 
Large Meteorite Impacts, LPI Contr. # 1167. [2] Vishnevsky S. 
and Pospelova L. 1988. The fluid regime of impactites: dense 
fluid inclusions in high silica glasses and their petrologic signifi-
cance. Novosibirsk, 53 p.p. (in Russian). [3] Stoffler D. and Lan-
genhorst F. 1994. Meteoritics 29: 155-181. 

This study was supported by the RFBR grant #04-05-64127 
and by the Academy of Finland grant #207759. 

67th Annual Meteoritical Society Meeting (2004) 5028.pdf



MORPHOLOGICAL TAIL STRUCTURES OF COMET 
P/HALLEY 1910 II 
M. R. Voelzke and L. S. Izaguirre. Department of Informatic, 
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Introduction: Eight hundred and eighty six images from 

September 1909 to May 1911 are analysed for the purpose of 
identifying, measuring and correlating the morphological struc-
tures along the plasma tail of P/Halley. These images are from 
the Atlas of Comet Halley 1910 II  [1].  

Results: A systematic visual analysis revealed 304 wavy 
structures [2] along the main tail and 164 along the secondary 
tails, 41 solitary waves (solitons) [3], 13 “Swan-like” tails [4], 26 
disconnection events (DEs) [5], 166 knots [6] and six shells [7]. 
While the wavy structures denote undulations or a train of waves, 
the solitons refer to the formations usually denominated kinks 
[8]. In general, it is possible to associate the occurrence of a DE 
and/or a Swan-Tail with the occurrence of a knot, but the last one 
may occur independently. It is also possible to say that the soli-
tons occur in association with the wavy structures, but the reverse 
is not true. The 26 DEs documented in 26 different images al-
lowed the derivation of two onsets of DEs, i.e., the time when the 
comet supposedly crossed a frontier between magnetic sectors of 
the solar wind [9]. Both onsets of DEs were determined after the 
perihelion passage with an average of the corrected velocities Vc 
equal to (57 ± 15) km/s. The mean value of the corrected wave-
length λc measured in 70 different wavy structures is equal to 
(1.7 ± 0.1) × 10(6) km and the mean amplitude A of the wave 
(measured in the same 70 wavy structures cited above) is equal to 
(1.4 ± 0.1) × 10(5) km. The mean value of the corrected cometo-
centric phase velocity Vpc measured in 20 different wavy struc-
tures is equal to (168 ± 28) km/s. The average value of the cor-
rected velocities Vkc of the knots measured in 36 different im-
ages is equal to (128 ± 12) km/s.   

Discussions:  There is a tendency for A and λc to increase 
with increasing cometocentric distance. The preliminary results 
of this work agree with the earlier research from Voelzke and 
Matsuura [10], which analysed comet P/Halley´s tail structures in 
its last apparition in 1986. 

References: [1] Donn B. et al. 1986. Atlas of Comet Halley 
1910 II. NASA SP-488. NASA Scientific and Technical Informa-
tion Branch 1-600. [2] Yi Y. et al. 1998. Journal of Geophysical 
Research 103:6637-6639. [3] Roberts B. 1985. Physics of Fluids 
28: 3280-3286. [4] Jockers K. 1985. Astronomy and Astrophysics 
Supplement Series 62:791-838. [5] Voelzke M.R. 2002. Earth, 
Moon, and Planets 90:405-411. [6] Voelzke M.R. et al. 1997. 
Astrophysics and Space Science 250:35-51. [7] Schulz R. and 
Schlosser W. 1989. Astronomy and Astrophysics 214: 375-385. 
[8] Tomita K. et al. 1987. Astronomy and Astrophysics 187: 215-
219. [9] Brandt J.C. and Snow M. 2000. Icarus 148:52-64. [10] 
Voelzke M.R. and Matsuura O.T. 1998. Planetary and Space 
Science 46:835-841. 
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Introduction: IAB irons, unlike other groups of iron meteor-

ites, cannot be classified as igneous rocks, and the processes that 
led to the assembly of “primitive” inclusions in a once molten 
metal groundmass have not yet been fully understood [1]. Al-
though Ar-Ar dating of such inclusions provides important in-
formation about the thermal history of the IAB parent body [e.g., 
2, 3], in particular analysis of bulk inclusions (which has been the 
standard procedure in the past) are often impaired by excess 40Ar 
and redistribution or loss of K and/or Ar during the history of the 
meteoriod and in the reactor. Therefore, we performed stepwise 
extraction of Ar from different size and quality grade plagioclase 
separates from two silicate inclusions of the Campo del Cielo 
meteorite. Results from plagioclase separates from inclusions of 
Ocotillo, Landes and Caddo County are anticipated to be avail-
able at the time of the conference. 

Results: Comparing the separates of clear large (~260  m) 
and clear small (~170  m) plagioclase of inclusion CDC982, we 
find that the large grains yield an isochron age of 4447   19 Ma, 
distinctly lower than the one of the small grains, 4520   40 Ma. 
At the moment we do not yet fully understand the reason for the 
apparently older age of the small grains, but recoil loss of 39Ar 
might be involved. The separates of large and small inclusion-
rich plagioclase with adhering metal and sulfides show younger 
isochron ages, including individual gas release steps with appar-
ent ages as low as ~1500 Ma. This is possibly due to the presence 
of a secondary very young K-rich mineral phase. The separate of 
large clear plagioclase of inclusion CDC981 yields a high tem-
perature isochron age of 4487   20 Ma, whereas the small and 
inclusion-rich separates show similar variabilities in ages as the 
ones of inclusion CDC982. 

Conclusion: The “true” cooling ages for inclusions CDC981 
and CDC982 are deduced from the separates of large clear pla-
gioclase and are 4487   20 Ma and 4447   19 Ma, respectively. 
The ages agree well with the age range of silicate inclusions from 
other IAB irons, as well as those of winonaites, ordinary chon-
drites and some R chondrites. Thus, mixing of molten metal with 
the silicate material and cooling of the Campo del Cielo parent 
body must have taken place within the time frame, during which 
most chondrites cooled through the K-Ar closure temperature.  

The age variations possibly due to 39Ar loss and the presence 
of a secondary K-rich mineral phase underscore the importance 
of dating clean mineral separates instead of whole inclusions, in 
which the above effects would have stayed undetected. 
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