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MINERALOGICAL CHARACTERIZATION OF THE 
MATRICES OF THE PRIMITIVE CR CHONDRITES 
MET00426 AND EET99177. N. M. Abreu and A. J. Brear-
ley. Dept. of Earth and Planetary Sciences, University of 
New Mexico, Albuquerque, NM 87110, USA. E-mail: 
abreu@unm.edu  
 

Introduction: Although a great deal of attention has 
been focused on the organic component of CR chondrites, 
the mineralogy and alteration styles of CR matrices, where 
C-rich materials are concentrated, have not been studied in 
detail. Here, we present mineralogical observations of the 
matrices two CR chondrites MET00426 AND EET99177 
with the purpose of understanding nebular and asteroidal 
processes in the early solar system.  

Results: MET00426 and QUE99177 show signs of brec-
ciation and strikingly variable matrix textures. Dark inclu-
sions (DIs) of variable sizes are common in both chondrites 
and are probably the dominant fine-grained material in. In 
MET00426, although, well-defined, continuous and some-
times layered rims, and scarce interchondrule matrix are also 
present. Similar variability is observed in QUE99177 ma-
trix; but, interchondrule matrix is more abundant. Miner-
alogically, the DIs in both meteorites are composed of sub-
rounded Fe,Ni sulfides, magnetite occurring as individual 
rounded crystals (10s µm) or as framboids, and Fe,Ni metal 
embedded in very fine-grained FeO-rich silicate material. A 
few small chondrules and mineral fragments occur through-
out the DIs, but calcite was not observed. Texturally and 
mineralogically, the interchondrule matrix is similar to typi-
cal CR matrix as described in [1], but carbonates are absent. 
DIs, five separate rims, and interchondrule matrix in 
MET00426 were analyzed using broad beam (10µm) 
EMPA. The analysis totals generally range from 85-95 wt%. 
There are no significant compositional differences between 
the matrix, fine-grained rims and DIs and element abun-
dance patterns show similar fractionation patterns to other 
carbonaceous chondrite matrices [1]. Refractory lithophile 
elements are relatively unfractionationed, but Na and S are 
show significant depletions in all cases  

Discussion: The textural and mineralogical characteris-
tics of fine-grained materials in MET00426 and QUE99177, 
suggest that these two chondrites have experienced rela-
tively minor aqueous alteration, compared with other CRs 
such as EET92042 [2] and Renazzo. In particular, the ab-
sence of calcite, lower abundance of magnetite and rela-
tively high microprobe analysis totals, suggest minimal in-
teraction with aqueous fluids. This conclusions is also sup-
ported by the minor fractionation of Ca from Al in these two 
meteorites compared with that observed in CR2 chondrites 
Renazzo and Al Rais [1], which show textures representa-
tive of more advanced stages of aqueous alteration.  

References: [1] Weisberg et al. 1993. GCA 57:1567-
1586. [2] Abreu and Brearley 2004. MAPS 39 Abstract 
#5178.  
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AL-RICH COMPOUND CHONDRULE: EVIDENCE OF O 
AND Mg ISOTOPES.  T. Akaki and T. Nakamura. Department 
of Earth and Planetary Sciences, Faculty of Science, Kyushu 
University, Hakozaki, Fukuoka 812-8581, Japan.  E-mail: 
akaki@geo.kyushu-u.ac.jp  
 

Introduction: The mineralogical and isotopic properties of 
enveloping compound chondrules, which consist of a core chon-
drule within a host one, constrain the physicochemical conditions 
of multiple heating events during chondrule formation [1, 2].  We 
present in-situ O, Mg isotopic measurements on an enveloping 
compound chondrule from Allende meteorite. 

Sample Description: The enveloping compound chondrule 
studied is composed of two Al-rich chondrules.  The core chon-
drule mainly consists of low-Ca pyroxene (En95), plagioclase 
(An85-95) and spinel. The subhedral spinel grains are distributed 
within the low-Ca pyroxene and plagioclase.  The minor oxide 
element concentrations of spinel are follows; FeO; 2.0-5.6wt%, 
Cr2O3; 1.5-3.2wt%, TiO2; 0.1-0.4wt%, V2O3; up to 0.2wt%. 
Al/Mg ratios in the spinel are about 2.  On the other hand, the 
host chondrule mainly consists of porphyritic olivine grains 
(Fo85-100), low-Ca pyroxene (En95) and plagioclase (An85-95).  
Al/Mg ratios in the anorthite ranged from 100 to 140 in both 
chondrules.  Based on the mineralogy and bulk chemical compo-
sition, the core and the host may be classified into group 2 and 
group 3 plagioclase-olivine inclusions (POI), respectively [3]. 

Results: The data of each oxygen isotopic measurement are 
plotted along the CCAM line.  The spinel grains in the core have 
oxygen isotopic compositions of -15‰ in δ18OSMOW, which are 
greatly different from those of the spinel in typical Type B CAIs 
(about -40‰ in δ18OSMOW), but are close to that of spinel in a 
spinel-bearing BO chondrule (-14.2±1.2‰) from Allende [4].  
Also, V2O3 contents of spinel grains (up to 0.2wt%) are lower 
than the typical spinel compositions in CAIs (0.1~1.0wt%) from 
Allende [5].  Therefore, they are probably not relict CAI spinel 
but crystallized from a melt during the core chondrule-forming 
event.  In both the core and host chondrules, low-Ca pyroxenes 
range from –5 to 0‰ and plagioclases from 10 to 15‰ in 
δ18OSMOW.  The degree of 16O enrichment correlates with the tex-
tually inferred crystallization sequence, that is, spinel (-15‰), 
pyroxene (~0‰) and then the plagioclase (~15‰).  This correla-
tion may result from incomplete O isotopic exchange with 16O-
poor nebular gas under a rate-limiting process such as diffusion 
in melt and/or surface reaction.  Furthermore, the similarity of O 
isotope composition of constituent minerals between the core and 
host suggests that the oxygen isotope composition of the nebular 
gas reservoirs has not changed significantly during the multiple 
heating events that formed enveloping compounds.  More discus-
sion from 26Al-26Mg measurement will be presented at the meet-
ing. 

References: [1] Wasson J. T. et al. 1995. Geochimica et 
Cosmochimica Acta 59:1847–1896. [2] Akaki T. and Nakamura 
T. 2005. Geochimica et Cosmochimica Acta. 69: 2907-2929. 
[3] Sheng Y. J. et al. 1991. Geochimica et Cosmochimica Acta 
55: 581-599 [4] Maruyama S. and Yurimoto H. 2003. Geo-
chimica et Cosmochimica Acta 67: 3943-3957. [5] Podosek F. A. 
et al. 1991. Geochimica et Cosmochimica Acta 55:1083-1110. 

68th Annual Meteoritical Society Meeting (2005) 5182.pdf



WILLIAM HERSCHEL AND EARLY ESTIMATES OF 
THE SIZE OF ASTEROIDS -- A HISTORICAL 
PERSPECTIVE. E. F. Albin.  Department of Space Sciences, 
Fernbank Science Center, Atlanta, GA 30307 (USA). 
ed.albin@fernbank.edu. 

 
Introduction: Soon after the first asteroid was discovered in 

1801, the English astronomer Sir William Herschel coined the 
term “asteroid” (star-like planetoid) and turned his telescopes on 
these new members of the Solar System.  He states: “they resem-
ble stars so much as hardly to be distinguished from them, even 
by very good telescopes.  It is owing to this very circumstance, 
that they have been so long concealed from our view.  From this, 
their asteroidical appearance, if I may use that expression, there-
fore, I shall take my name, and call them asteroids; reserving to 
myself, however, the liberty of changing that name, if another, 
more expressive of their nature, should occur.”   The name stuck.   
Three formal papers [1-3] and one unpublished document [4] 
about asteroids were written by Herschel between 1802 and 1807 
that were primarily concerned with the determination of the di-
ameter of Ceres, Pallas, Juno, and Vesta.  In this investigation, a 
historical overview of Herschel’s methods and results are given. 

Observations and Experiments: Herschel observed these 
minor planets with a variety of instruments, including his be-
loved 20 – foot telescope (45 centimeter aperture reflector) with 
an inordinately high magnification power.  Initially, the disk of 
Ceres was compared to that of the newly discovered Georgian 
planet (Uranus) and it was estimated that the asteroid was no 
more than 3/8ths the diameter of the Moon.   

Herschel experimented by viewing the heads of pins, glob-
ules of sealing-wax, globules of silver, globules of pitch and 
bee’s wax at considerable distances in order to ascertain whether 
it was really possible to observe such tiny planetoid disks [2].  
From these efforts, it was suggested that a disk 0.25 seconds of 
arc required a magnification of 500 to 600 times in order to be 
perceived as being round; however, Herschel found it could not 
be differentiated from a small spurious stellar disk.  Further ex-
periments showed that a disk larger than approximately 0.5 arc 
seconds could be distinguished from a spurious stellar disk, 
which had obvious smaller diameters.  Results showed that it was 
possible to distinguish a disk as small as 0.484 seconds of arc 
across. 

Discussion and Conclusions: Although size measurements 
of asteroids with a micrometer at the telescope were made by 
William Herschel, there was some degree of error brought about 
by atmospheric seeing conditions.  Ceres was measured at be-
tween 0.22 and 0.38 seconds of arc.  Pallas was smaller, ranging 
between 0.13 and 0.17 seconds of arc.  Based on these observa-
tions, in Herschel’s first paper [1], he calculated the maximum 
size of Ceres at 260 kilometers and that of Pallas to be no more 
than 237 kilometers.  He also searched for any natural satellites 
that might be associated with these asteroids -- but found no evi-
dence of such.  However, in the end Herschel felt that, because of 
their small sizes and the limits of telescopic resolution, that it 
was virtually impossible to resolve the disk of an asteroid as they 
looked identical to stars at a similar magnification through his 
telescopes. 

References: [1]  Herschel W. F. 1802. Phil. Trans. pp. 213-
232.  2] Herschel W. F. 1805. Phil. Trans. pp. 31-64. 
[3] Herschel W. F. 1807. Phil. Trans. pp. 260-266 [4] Herschel 
W. F. 1802. Unpublished Papers. 
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THE COMPOSITIONS OF CHONDRITIC INSOLUBLE 
ORGANIC MATTER.  C.M.O’D. Alexander1, M.L. Fogel2 and 
G.D. Cody2. 1DTM, Carnegie Institution of Washington, 5241 
Broad Branch Rd., Washington, DC 20015, USA. 2GL, Carnegie 
Institution of Washington, 5251 Broad Branch Rd., Washington, 
DC 20015, USA. 

 
Introduction: Insoluble organic matter (IOM) is the most 

abundant organic material in chondrites. Large isotopic anomalies 
in the IOM suggest that some or all of it is interstellar in origin [1]. 
Its sensitivity to thermal and chemical modification makes it a 
potentially sensitive monitor of nebular and parent body processes 
[2, 3]. To identify the most primitive IOM and to understand how it 
has been modified in the various chondrites, we have prepared high 
purity IOM residues of ~40 primitive chondrites and analyzed them 
for their bulk elemental and isotopic compositions. 

Results and discussion: The matrix-normalized abundances of 
IOM in the most primitive members of the chondrite groups are all 
roughly CI-like, consistent with all chondrites having accreted a 
common IOM in their matrices. However, the IOM exhibits a 
complex response to parent body processes. 

Plots of H/C vs. O/C are useful tools for illustrating the effects 
of diagenesis/metamorphism of kerogens/coals. The general trend 
in elemental evolution of IOM during parent body processing is a 
large decrease in H/C (0.75 to 0.1) and N/C (0.04 to 0.005), and 
more modest change in O/C (0.2 to 0.1). This is very different from 
terrestrial kerogen evolution in which initially O/C drops much 
more rapidly than H/C. 

The most primitive IOM in this sequence seems to come from 
the CRs. The IOM from EET92042 has an elemental composition 
(C100H75N4O15S4) that is very similar to the composition 
(C100H80N4O20S2) of comet Halley CHON particles [4]. It is also 
isotopically very anomalous (δD=3003‰, δ15N=184‰). 

Alteration in CIs (H/C=0.66-0.57) and CMs (H/C=0.64-0.57) 
has preferentially removed aliphatic material (lowered H/C) and 
was accompanied by a decrease in D (1000 to 500‰) and 15N (30 
to -10‰) enrichments [5]. This suggests that the isotopically 
anomalous H and N are in the aliphatic component. However, the 
anomalous CM Bells has a H/C=0.57, but δD=2984‰ and 
δ15N=415‰. There are very modest differences between the least 
and most altered CMs, and the CIs, which experienced more 
extensive alteration at higher temperatures than the CMs, are more 
isotopically anomalous than all CMs except Bells.  

The CV, CO and OC experienced varying degrees of both 
metamorphism and aqueous alteration. Low H/C ratios (0.19-0.16), 
amongst other evidence, indicate extensive modification of the 
IOM in all CVs studied. Oxidized CVs have significantly lower 
�D values (194-239‰) than reduced CVs (500-1360‰). 

The CO chondrites analyzed exhibit a wider range of H/C 
ratios than the CVs (0.39-0.09), but their total range in D 
enrichments is smaller (212-417‰). The OCs studied have a 
similar range in H/C ratios to the COs, but show a remarkable 
inverse correlation between H/C and δD (0.17 to 0.5, and 5560‰ 
to 2321‰, respectively). 

References:  [1] Robert F. and Epstein S. 1982. Geochimica et 
Cosmochimica Acta 46:81-95. [2] Bonal L. et al. 2004. Abstract 
#1562. 35th Lunar and Planetary Science Conference. [3] 
Alexander C. M. O'D. et al. 1998. Meteoritics & Planetary Science 
33:603-622. [4] Kissel J. and Krueger F. R. 1987. Nature 326:755-
760. [5] Cody G. D. and Alexander C. M. O'D. 2005. Geochimica et 
Cosmochimica Acta 69:1085-1097. 
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ISOTOPIC ANALYSIS OF PRESOLAR GRAPHITE 
FROM THE KFB1 MURCHISON SEPARATE.  
S. Amari1, E. Zinner1. and R. S. Lewis2. 1Laboratory for Space 
Sciences and the Physics Department, Washington University, 
St. Louis, MO 63130, USA (sa@wustl.edu), 2Enrico Fermi Insti-
tute, University of Chicago, Chicago, IL 60637, USA. 

 
Introduction: Presolar graphite grains extracted from the 

Murchison meteorite have a range of density (1.6–2.2g/cm3) [1]. 
Low-density graphite grains (1.65-1.72g/cm3) are larger (up to 
20µm) and have higher trace element concentrations than higher-
density graphite grains. Consequently, the former have been well 
studied and isotopic ratios of the grains analyzed with ion probe 
indicate that they formed in supernovae [2, 3]. In contrast, only 
few isotopic analyses of trace elements in grains from the second 
highest density fraction KFB1 (2.10–2.15g/cm3) exist. In this 
study, we measured N and Si isotopic ratios of 170 KFB1 grains 
in multi-detection mode with the NanoSIMS at Washington Uni-
versity. Carbon and O isotopic ratios of these grains had previ-
ously been analyzed [4]. 

Results and Discussion: Of 7 grains with 18O excesses (solid 
circles in Fig. 1), five show 28Si excesses, grain 061 a moderate 
29Si excess and 30Si deficit, and grain 636 29Si and 30Si excesses. 
These Si isotopic features, together with the 18O excesses, are 
indicative of the grains’ supernova origin [2, 3]. Twenty-two 
grains (squares) have δ30Si values higher than 50‰ and 12C/13C 
ratios between 122 and 1531. Their 30Si excesses are much more 
pronounced than their 29Si excesses, suggesting that the grains 
formed in low-metallicity asymptotic giant branch (AGB) stars. 
Similar Si isotopic features are also observed in high-density 
graphite separates (2.02-2.12g/cm3) from the Orgueil meteorite 
[5]. 

Grains from KFB1 show two distinct populations: grains 
with 12C/13C < 20 and those with 12C/13C > 20, with median  ra-
tios of 10 and 308, respectively. Many of the latter grains, 
namely those with 12C/13C > 100, most likely formed in low-
metallicity AGB stars as discussed above. The origin of the for-
mer, however, remains enigmatic. In contrast to their 12C/13C ra-
tios, their 18O/16O and Si isotopic ratios are normal within errors. 
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Fig. 1. Silicon isotopic ratios of KFB1 graphite grains. A grain 
with δ29Si/28Si=-346±7‰ and δ30Si/28Si=-501±7‰ is not shown. 

References: [1] Amari S. et al. 1994. Geochim. Cosmochim. 
Acta 58:459-470. [2] Amari S. et al. 1995. Astrophys. J. 447: 
L147-L150. [3] Travaglio C. et al. 1999. Astrophys. J. 510: 325-
354. [4] Amari S. et al. 2005. Abstract #1867. 36th Lunar & 
Planet. Sci. Conf. [5] Jadhav M. et al. 2005. this volume. 

68th Annual Meteoritical Society Meeting (2005) 5064.pdf



U-PB AGE OF THE ACAPULCO PHOSPHATE: TESTING 
THE CALIBRATION OF THE I-XE CHRONOMETER.  
Y. Amelin1 and O. V. Pravdivtseva2. 1Geological Survey of Can-
ada, Ottawa, ON, Canada. E-mail: yamelin@nrcan.gc.ca. 
2McDonnell Center for the Space Sciences and Department of 
Physics, Washington University, St. Louis, MO, USA. 

 
Introduction: The 129I-129Xe extinct nuclide chronometer is 

linked to the absolute timescale through comparison of the I-Xe 
dates of the currently used standard (enstatite from the aubrite 
Shallowater), and phosphates from the primitive achondrite Aca-
pulco [1]. The latter has been studied with the U-Pb method and 
yielded a 207Pb-206Pb model date of   4557±2 Ma [2].  This anchor 
is not sufficiently good for I-Xe chronology because of its rela-
tively low precision, compared to the typical precision of modern 
I-Xe dates. In addition, this 207Pb-206Pb model date is based on a 
single analysis of a mixed phosphate fraction with moderately 
radiogenic Pb (206Pb/204Pb=148), and therefore bears uncertain-
ties involved in initial Pb subtraction [3], and in the possible dif-
ference in Pb isotopic systematics between apatite and merrillite. 

Comparison between I-Xe and Pb-Pb ages from the same 
chondrules from Richardton (H5) suggested that the I-Xe ages 
might be ca. 2.9 Ma too old [4]. This observation was supported 
by I-Xe and Pb-Pb data for the L5 chondrite Elenovka [5]. 
Analysis of an extensive set of available I-Xe ages Mn-Cr, Al-
Mg and Pb-Pb ages of meteorites and their components [6] indi-
cates similar bias in the existing calibration of the I-Xe chro-
nometer. 

Here we attempt to refine the calibration of the I-Xe chro-
nometer by Pb-isotopic dating of the Acapulco phosphates. In 
addition, we report U-Pb data for the Shallowater standard. 

Results and discussion: Three single phosphate grains and 
three multigrain fractions from Acapulco were analyzed using the 
techniques described in [7, 8]. Two grains of apatite yielded U 
concentrations of 8.7-10.7 ppm, and 206Pb/204Pb ratios of 149 and 
189. A merrillite grain contained 0.23 ppm of U and 206Pb/204Pb  
of 25. Three mixed fractions have intermediate U between 0.6-
6.0 ppm and 206Pb/204Pb between 79-121. All six fractions 
yielded a 207Pb-206Pb isochron age of 4555.1±1.3 Ma 
(MSWD=0.47). This is our current best age estimate for the Aca-
pulco phosphates. Concordia-constrained linear 3-D isochron [9] 
for the same fractions yielded an age of 4555.0±3.2 Ma 
(MSWD=5.0). Two analyses of the Shallowater enstatite yielded 
very low U concentrations of 0.0008-0.0019 ppm, and unradio-
genic Pb with 206Pb/204Pb of 14.6-18.2. No meaningful age in-
formation can be deduced from these data. 

Conclusion:  The age of the Acapulco phosphates deter-
mined in this study greatly improves consistency between I-Xe 
and U-Pb “absolute” ages, and allows more precise “mapping” of 
I-Xe dates to the absolute time scale. 

This study was supported by NASA grant NAG5-12776, and 
by NSERC Discovery grant to YA. 

References: [1] Brazzle R. H. et al. 1999. Geochimica et 
Cosmochimica Acta 63:739–760. [2] Göpel C. et al. 1992. Mete-
oritics 27:A226. [3] Amelin Y. 2005, Meteoritics and Planetary 
Science, in press. [4] Pravdivtseva O. V. et al. 2002. Lunar 
Planet Sci. XXXIII, Abstract #2041. [5] Pravdivtseva O. V. et al. 
2004. Goldschmidt conference, A760. [6] Gilmour J. D. et al. 
2005. Meteoritics and Planetary Science, in press. [7] Amelin Y. 
et al. 2005, Geochimica et Cosmochimica Acta 69:505–518. [8] 
Krot A. N. et al. 2005, Nature, in press. [9] Ludwig K. R. 1999. 
Geochimica et Cosmochimica Acta 62:665–676. 
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NEW EXPERIMENTS FOR NOBLE GAS 
MEASUREMENTS IN IRON METEORITES  
K. Ammon and I. Leya. Institute of Physics, University of Bern. 
Sidlerstrasse 5, CH-3012 Bern, Switzerland, E-mail: 
katja.ammon@phim.unibe.ch.  

 
Introduction: The noble gas laboratory of the University of 

Bern is now able to measure the He, Ne and Ar isotopic 
compositions in iron meteorites routinely. We are capable to 
quantitatively degas iron samples of up to 1 g.  

In a first experiment a stepwise heating procedure for two 
samples of the IIIB iron meteorite Grant (split BE-50) was 
performed to determine the required temperatures to fully degas 
an iron meteorite and to have an idea which temperature is 
needed to remove atmospheric contamination. In a second step, 
the distribution of the noble gases in Grant will be tested in order 
to choose representative sample weights for further analyses and 
to get some information about the distribution of sulfur and 
phosphorous bearing minerals, which might effect cosmogenic 
production. The third experiment concerns the recalibration of 
the preatmospheric center of Grant. 

Results: Stepwise heating: The temperatures for the stepwise 
heating procedure ranged from 600°C to 1800°C with an 
increment of 100°C. The first cosmogenic Helium (4He /3He < 5) 
was released at 800°C followed by Neon (20Ne /21Ne < 1) and 
Argon (36Ar /38Ar < 0.8) at 900°C. The heating steps below 
800°C already released small amounts of Helium but Neon and 
Argon where not above blank. For all noble gases most of the 
release was at a temperature of 1700°C. Our results for the gas 
amounts and the isotopic ratios are comparable to the data given 
by Jeannot [1] and Lavielle et al. [2], indicating that our newly 
developed crucible and extraction system is well suitable to degas 
iron meteorites.  Furthermore, the extraction procedures and 
measurement protocols enable measuring the noble gas 
concentrations with a low blank. 

Noble gas distribution: It is generally assumed that the noble 
gases in iron meteorites are homogeneously distributed. In order 
to check this assumption the He, Ne and Ar will be analyzed in 
Grant samples from 300 mg down to 25 mg. The results will 
demonstrate whether finely dispersed mineral inclusions within 
the iron groundmass are really negligible or if they are relevant 
for the production of noble gases by galactic cosmic radiation.  

The preatmospheric center of Grant: Grant is the base for 
several models developed to calculate cosmogenic production 
rates in iron meteoroids, e.g. the Signer-Nier model [3, 4]. These 
models are used to obtain informations about exposure 
geometries of the meteorites and on the history of the GCR flux 
[5]. However, in order to set-up a reliable model the 
preatmospheric size and center of the “standard meteorite” has to 
be known. A high precision depth profile for Grant will be 
presented. We speculate that the preatmospheric center of Grant 
was close to Bar B instead of Bar F as assumed so far. The results 
are of particular interest for new models and data of iron 
meteorites.  

References: [1] Jeannot J.-P. 1997. Thèse, Université de 
Bordeaux I. [2] Lavielle B. et al. 1999. Earth and Planet. Sci.Let. 
170, 93-104. [3] Signer P. and Nier A. O. 1960. J. Geophys. Res., 
65, No 9, 2947-2964. [4] Voshage H. 1984. Earth and Planet. 
Sci. Let. 71, 181-194. [5] Zanda B. et al. 1989. Earth and Planet. 
Sci. Let., 94, 171-188 
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SOURCE MAGMA COMPOSITIONS FOR BASALT 
CLASTS OF LUNAR METEORITE EET 87521 IN 
CONNECTION TO KREEP. T. Arai1, H. Shimoda2, N. Kita2,3, 
Y. Morishita2 and H. Kojima1. 1Antarctic Meteorite Research 
Center, National Institute of Polar Research, Kaga, Itabashi, To-
kyo 173-8515, Japan (tomoko@nipr.ac.jp), 2Geological Survey 
of Japan, AIST, Tsukuba, Ibaraki, 305-8567, Japan, 3Department 
of Geology and Geophysics, University of Wisconsin, Madison 
1215 W. Dayton Street Madison, WI 53706-1692, USA. 
 

Introduction: A lunar meteorite Elephant Moraine (EET) 
87521 is a fragmental breccia dominantly composed of coarse-
grained very low-Ti (VLT) mare basalts [1]. The bulk-regolith 
composition is extremely heterogeneous [2] and the presence of 
two basalts with different magma compositions and fractionation 
trends have been reported [3, 4]. The bulk-regolith REE 
composition shows a KREEP-like LREE-enriched pattern [2]. In 
this study, the source magma compositions for the two basalts 
(basalt clasts P and M of [4]) are calculated using the most 
primitive pyroxene REE compositions analyzed by ion 
microprobe, and appropriate D values of [5], to constrain the 
petrogenesis of EET 87521 basalts.  

Result & discussion: The calculated parent melts for the two 
basalts show almost identical compositions, having KREEP-like 
patterns which are LREE-enriched (La / Yb= 1.9 and 2.2) and 
slightly larger negative Eu anormaly (Sm / Eu= 4.1 and 6.6), with 
modest absolute REE concentrations (Fig. 1). This indicates the 
KREEP signature in the bulk-regolith compositions [2] is mainly 
attributed to the basalt components. The parent-melt REE com-
positions are distinct from those of any known mare basalts in-
cluding Apollo 17 and Luna 24 VLT basalts [6], but are almost 
identical to those of Apollo 14 VLT glasses [7]. The parent melt 
for gabbros and basalts in lunar-meteorite dimict breccia NWA 
773 is also related to the Apollo 14 VLT glasses [8], suggesting 
the close petrogenetic connection of EET and NWA 773. Since 
the source magmas are related to KREEP, these lunar-meteorite 
basalt breccias strongly support the presence of VLT magmatism 
/ volcanism in the Procellarum KREEP Terrane. 

References: [1] Arai T. et al. 1996. Meteoritics & Planetary Science 
31:877–892. [2] Korotev R. L. et al. 2003. Antarctic Meteorite Research 
16:152–175. [3] Delaney J. S. and Boesenberg J. S. 1992. 23th Lunar and 
Planetary Science Conference. pp. 127–128. [4] Arai T. et al. 2005. Ant-
arctic Meteorites XXIX:1–2. [5] McKay G. A. et al. 1986. GCA 50:927-
937. [6] Papike J. J. et al. 1991. Lunar Samples. in Reviews in Mineral-
ogy, Vol. 36, Planetary Materials. pp 5-1-5-234. [7] Shearer C. K. and 
Papike J. J. 1993. GCA 57:4785–4812. [8] Jolliff B. L. et al. 2003. GCA 
67:4857-4879. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 REE abundances of pyroxene cores, the parent melts of EET87521 
basalts and Apollo 14 VLT glasses (shaded area). 
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THE GLOBAL VIEW OF LUNAR GEOCHEMISTRY 
FROM THE APOLLO GAMMA RAY SPECTROMETER.  
J. R. Arnold1, A. E. Metzger2, J. I. Trombka3, and R. C. Reedy4  
1Dept. Chemistry & Biochemistry,  Univ. California San Diego,  
La Jolla, CA 92093 USA  2Jet Propulsion Laboratory, Pasadena, 
CA 91109 USA  3Astrochemistry Laboratory, NASA Goddard 
Space Flight Center, Greenbelt, MD 20771 USA  4Institute of 
Meteoritics,  Univ. New Mexico,  Albuquerque, NM 87131 USA.  
Email: rreedy @unm.edu.   

 
Introduction:  The orbital geochemistry package on Apollo 

15 and 16 [1] provided the first global view of lunar geochemis-
try.  The results from the Apollo Gamma Ray Spectrometers 
(AGRS) allowed many results inferred from returned samples to 
be extended to the whole Moon and helped to develop our pre-
sent understanding of the Moon [e.g., 2].   

Apollo Gamma Ray Spectrometer:  Gamma-ray 
spectrometers were flown on the Apollo 15 and 16 missions.  
Those missions covered about 20% of the Moon, all within 30º of 
the lunar equator.  The spectrometers were low-resolution NaI 
crystals but produced maps of lunar Mg, K, Ti, Fe, and Th [3-7].   

Results:  Apollo 15 GRS results helped to settle debates on 
the global nature of the Moon’s composition.  They showed that 
the anorthositic fragments seen in the Apollo 11 soil were the 
dominant material of the lunar crust, not the KREEP seen in 
Apollo 12 and 14 samples, and that the highest concentrations of 
KREEP are confined to the western maria.  The absolute abun-
dances of Th in the highlands had been significant for theories of 
lunar evolution [2].  The Apollo 15 GRS results also showed that 
there was a compositional anomaly on the farside, initially called 
the big backside basin [4], now called South Pole-Aitken.   

The Apollo GRS results helped to establish the Moon’s bulk 
composition, such as its depletion in volatile elements like K.  
From the Fe surface content, the Apollo GRS data also helped to 
characterize the thickness and density of the lunar highlands [8].   

Discussion:  The above and many other results from the 
Apollo GRS have contributed much to our understanding of the 
Moon [e.g., 2,5].  The Apollo GRS orbital results have been con-
firmed and shown to apply to the whole Moon by the Lunar Pros-
pector GRS.  AGRS results are still being widely used. 

The Apollo GRS showed the power of planetary gamma ray 
spectroscopy and helped lead to GRS experiments at the asteroid 
433/Eros and Mars, on the MESSENGER mission to Mercury, 
and on the DAWN mission to Vesta and Ceres.  More detailed 
elemental maps of the Moon, including more elements (such as 
U), will be obtained by the Japanese SELENE mission’s GRS.   

Acknowledgments:  This work was supported by NASA and 
is dedicated to Ross Taylor on his 80th birthday.  

References:  [1] Adler I. et al. 1973. The Moon 7: 487-504.  
[2] Taylor S. R. 1982. Planetary Science: A Lunar Perspective 
Lunar and Planetary Institute. 481 pp.  [3] Metzger A. E. et al. 
1973. Science 179: 800-803.  [4] Bielefeld M. J. et al. 1976. 
Proc. 7th Lunar Sci. Conf., pp. 2661-2676.  [5] Metzger A. E. 
1993. in Remote Geochemical Analysis: Elemental and Minera-
logical Composition. Cambridge Press, pp. 341-365.  [6] Davis P. 
A. 1980. J. Geophys. Res. 85: 3209-3224.  [7] Arnold J. R. et al. 
1977. Proc. 8th Lunar Sci. Conf., pp. 945-948.  [8] Haines E. L. 
and Metzger A. E. 1980. Proc. 11th Lunar Planet. Sci. Conf., pp. 
689-718.   
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SAYH AL UHAYMIR 300 – A NEW LUNAR METEORITE 
R. Bartoschewitz1, P. Appel2, B. Mader2, Th. Kurtz3. 
1Bartoschewitz Meteorite Lab, Lehmweg 53, D-38518 Gifhorn. 
E-mail: Bartoschewitz.Meteorite-Lab@t-online.de. 2Institut für 
Geowissenschaften der Universität, Olshausenstr. 40, D-24098 
Kiel. 3Henckellweg 25, D-30459 Hannover. 
 

On February 21st, 2004 a meteorite suspected stone of 
152.6 g was found on a gravel plateau of Miocene fresh-water 
limestone [1] 42 km SSE of Ghaba/Oman (21°00'23.6” N, 
57°20'03.9" E).  

The stone is an olive-green colored flat rounded rock with 
resinous luster and few tiny rusty patches, but without any fusion 
crust. The cut surface shows a medium grey brecciated matrix 
with various lighter components (<8 mm), thin dark melt veins,  
metal specks up to 2 mm and small vesicles (<2 mm), mostly 
filled with white alteration products (calcite, gypsum). 

Thin sections show various mineral- and rock-fragments with 
hypidiomorphic-granular, subophitic, poikilitic and granular tex-
tures in a very fine-grained grey granoblastic texture, accompa-
nied by several opaque minerals. Light-grey glassy melt veins 
with brownish rims and rounded mineral fragments are present. 
Olivine shows irregular fractures and weak undolatory extinc-
tion. 

Microprobe measurements were performed with a JEOL JXA 
8900 R microprobe at the University of Kiel.  

The lithic xenolites are embedded in a matrix containing 25% 
Al2O3, 4.9% FeO and 4.9% MgO and show following composi-
tion: troctolite (Fa 25-31; An 95-96), anortositic olivine-gabbro 
(Fa 25-28; Fs 12-14; An 95-96), olivine-gabbro (Fa 27; Fs 30; An 
96), anorthosite (An 96), wehrlit (Fa 15-39; Fs 23-36), dunite (Fa 
25-36), clinopyroxenite (Fa 36; Fs 28), gabbro(Fa 23; An 96), 
and glass with Al2O3 24, FeO 7.4, MgO 4.7 wt.-%. 

Mineral inclusions are olivine (Fa 16-41), clinopyroxene (Fs 
13-40 Wo 40-3) plagioclase (An 94-98). Further accessoric 
minerals are kamacite (Ni 3.7-8.0; Co 0.35-0.55%), chromite 
(Al2O3 11-23; TiO2 0.5-10; MgO 2-10%), spinel  (Al2O3 56; TiO2 
<0.1; MgO 21%), ulvospinel (Al2O3 6-11; TiO2 15-21; MgO 6-
7%), ilmenite (Cr2O3 0.8; MgO 8%), armalcolite (Cr2O3 0.3-3; 
TiO2 49-53; MgO 7-9%) and trace of troilite. 

The FeO/MnO ratio in melt, matrix, olivine and pyroxene 
plots around the lunar fraction line of 70, olivines slightly above 
and pyroxenes below it. 

Summery: According to these data, the chemical classifica-
tion [2] and its O-isotopes [3] this stone is a lunar anorthositic 
regolith breccia with basaltic components. Due to its granoblastic 
matrix, Th-Sm data that plot in the field of magnesian granulitic 
breccias [2], and noble gas isotopes poor in SW-component [4], 
Sayh al Uhaymir 300 [5] should be classified as “lunar granulite 
of primary anorthositic regolith with basaltic components”. 

References: [1] J. LE METOUR et al. (1995) Geology and 
Mineral Wealth of the Sultanate of Oman. Ministry of Petroleum 
and Minerals, Directorate General of Minerals, Sultanate of 
Oman, Muscat, Oman. 285 pp. [2] Bartoschewitz R. et al. 2005. 
Meteoritics and Planetary Science 40: this issue. [3] Barto-
schewitz R. et al. 2005. Meteoritics and Planetary Science 40: 
this issue. [4] Bartoschewitz R. et al. 2005. Meteoritics and 
Planetary Science 40: this issue. [5] Russell S. et al. 2005. Mete-
oritics and Planetary Science 40: The Meteoritical Bulletin 89: 
this issue. 
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SAYH AL UHAYMIR 290 – A NEW CH3 CHONDRITE  
R. Bartoschewitz1, P. Appel2, B. Mader2, J. Park3, K. Nagao3, R. 
Okazaki4, M. Kusakabe5, U. Kraehenbuehl6, M.I. Prudêncio7. 
1Bartoschewitz Meteorite Lab, Lehmweg 53, D-38518 Gifhorn. 
E-mail: Bartoschewitz.Meteorite-Lab@t-online.de. 2Mineralog.-
Petrogr. Inst., Univ. Kiel, Olshausenstr. 40, D-24118 Kiel. 3Lab. 
for Earthquake Chem., Graduate School of Sci., Univ. of Tokyo, 
Hongo, Bunkyo-ku, Tokyo 113-0033. 4Dept. of Earth and Plane-
tary Sci., Faculty of Sci., Kyushu Univ., Hakozaki, Fukuoka 812-
8581. 5Inst. for Study of the Earth's Interior, Okayama Univer-
sity, Misasa, Tottori-ken 682-0193. 6Inst. für Chemie und 
Biochemie, Univ. Bern, Freiestr. 3, CH-3000 Bern 9. 7Inst. 
Tecnológico e Nuclear, Estrada Nacional 10, P-2686-953 
Sacavém. 
 

The new meteorite Sayh al Uhaymir 290 (SaU 290) is classi-
fied as CH3-chondrite due to its petrology and chemistry [1]. 
CH-chondrites are one of the rarest meteorite groups with only 3 
kg from 10 meteorites, from that some of the Antarctic may be 
paired [2]. 

More than 70 pieces between 0.2 and 888 g were found 
within a distance of ~10 m. The stones are dark-brown frag-
ments, partly with little darker fusion crust. The angular main 
mass shows deeply corroded layered shape. 

The thin section shows small chondrules (<20µm) of various 
types, chondrule and mineral fragments embedded in extreme 
fine grained mineral fragments (comparable to PCA 91467 [3]), 
accompanied by much fine grained metal, some small “matrix 
lumps” and rare refractory inclusions. 

Microprobe measurements, performed with a JEOL JXA 
8900 R microprobe at the University of Kiel, brought following 
results (oxides in wt.-%): 
• Pyroxene: Fs 0-46 Wo 0.1-9-9, Al2O3 1.90, Cr2O3 0.62; fassaite 

Fs 2.88, Wo 19.66, Al2O3 10.40, Cr2O3 1.27. 
• Olivine: Fa 0-3.1, CaO 0.1-1.0, Al2O3 0.27, Cr2O3 0.47. 
• Opaque minerals (mg/g): weakly zoned kamacite follows CI 

trend (Ni 37-80, Co 3.5-5.6, Cr 0.8-4.0, Si 0-1.5), sulfides (Ni 4 
-217), tetrataenite (Ni 592, Co 14.5). 

 Whole rock analysis were done by ICPMS, TXRF and 
INAA at the Instituto Tecnológico e Nuclear in Sacavém and 
ICPMS at Bern University. Siderophile, chalcophile and litho-
phile elements follow the CH-trend and distinguish SaU 290 
from the other groups of the CR-clan [2]. Sm shows the same 
anomaly like the CR2 chondrite El Djouf 001 and plots outside 
the trend of CR-clan [4]. 

The O-isotopes are measured by IR-laser fluorination tech-
nique with BrF5 as a reagent at the Okayama University. First 
imagine, that SaU 290 could be an anomalous E-chondrite (like 
LEW 87223) was rejected by O-isotopes (δO-17 = 1.91, δO-18 = 
5.71) that plot on the CR-mixing line [2].  

 At the University of Tokyo SaU 290 was analyzed by the 
mass-spectrometric system with modified VG 5400 / MS-II for 
rare gas isotopes. The already presented data [5] show that SaU 
290 bears beside Q-component rare gas the highest amount of 
solar-wind among the CH meteorites. 

References: [1] Russell S. et al. 2005. Meteoritics and 
Planetary Science 40: The Meteoritical Bulletin 89: this issue. 
[2] Krot A. et al. 2002. Meteoritics and Planetary Science 37: 
1451-1490. [3] Hezel D. 2005. pers. Comminication. [4] Koblitz 
J. 2005. MetBase 7.0, CD-ROM. [5] Park J. et al. 2005. Abstract 
#1632. Lunar & Planetary Science Confrernce. 
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CHEMICAL CLASSIFICATION OF “SAU 300” 
R. Bartoschewitz1, R. Niedergesaess2, R. Pepelnik2, U. Reus2, U. 
Kraehenbuehl3, Th. Kurtz4. 1Bartoschewitz Meteorite Lab, D-
38518 Gifhorn. E-mail: Bartoschewitz.Meteorite-Lab@t-
online.de. 2GKSS Forschungszentrum GmbH, D-21502 
Geesthacht. 3Univ. Bern, CH-3000 Bern 9. 4D-30459 Hannover. 
 
The new lunar meteorite Sayh al Uhaymir 300 (SaU 300) is clas-
sified as regolithic granulite breccia due to its petrology and 
chemistry [1,2]. Whole rock analysis were done by ICPMS, 
TXRF and INAA at GKSS in Geesthacht and ICPMS at Bern 
University. 
Fe vs. Mn: bulk chemistry of lunar rocks show a typical Fe/Mn- 
ratio (wt.-%) of about 70, and bulk Fe- and Mn-content increase 
from anothositic to basaltic rocks. For SaU 300 we found a ratio 
of 71.0 that plots in the upper field of anortositic lunar rocks. 
Al2O3: Al is the main parameter to classifiy lunar rocks into an-
orthositic (Al2O3 25-35 wt.-%) and basaltic (8-12). With an 
Al2O3 content of 20.4-24.1 wt-% SaU 300 does neither meet the 
anortositic (LUN-A) nor the basaltic (LUN-B) rocks, reflecting 
an anorthosite with basaltic components. SaU 300 plots within 
the range of 10 further known lunar AB-mingled meteorites in 
the graphs FeO (6.6-8.0%), MgO/FeO (0,97-1.01), CaO/Al2O3 
(CaO 13.2-13.7%), TiO2 (0.26-0.27%) and Th (0.46 ppm) vs. 
Al2O3 [3, 4]. 
Sc: lunar highland rocks show a typical fraction line for Fe/Sc of 
about 4000, while the mare rocks plot on much lower ratios [5]. 
The Sc content of SaU 300 is 18-22 ppm, reflecting a Fe/Sc ratio 
of 3000-3500. 
REE: Eu content of lunar rocks usually show within the CI-
normalized REE trend positive anomaly for highland and nega-
tive for mare rocks. SaU 300 has a weak CI-normalized positive 
Eu anomaly (Eu/Sm 1.51; Eu/Gd 1.56) comparable to the anor-
thositic regolith breccia Y791197. 
Ti/Sm vs. Mg#: lunar highland rocks are classified in ferroan 
anortisitic suite (FAN), high magnesian suite (HMS) and KREEP 
due to their Ti, Sm, Mg, and Fe-content [5]. SaU 300 (Ti 0.16 %; 
Sm 1.1 ppm; Mg# 0.65-0.69) plots in the gap between the FAN 
and HMS fields, like many other lunar meteorites. It is under dis-
cussion whether  the FAN field has to be extended or if meteor-
ites that plot in this gap are FAN-HMS mixtures [5]. 
Siderophile elements: SaU 300 is with Co 0.073, Ni 0.043, Ir 
0.042, Au 0.047 (relative to CI) the most siderophile element en-
riched lunar meteorite [6], reflecting a rather high meteoritic 
component in this lunar rock. 
Th/Sm: Korotev et al. [7] presented a (Th/Sm)CI-norm vs. Sm dia-
gramm for various lunar rocks. SaU 300 plots in the field of 
magnesian granulitic breccias. 
Summery: The bulk chemistry of SaU 300 reflects to a lunar 
metamorphic anorthosite-rich highland regolith with basaltic and 
meteoritic components. 
References: [1] Russell S. et al. 2005. Meteoritics and Planetary 
Science 40: The Meteoritical Bulletin 89: this issue. [2] Barto-
schewitz R. et al. 2005. Meteoritics and Planetary Science 40: 
this issue. [3] Korotev R.L. et al. 2004. 35th Lunar and Planetary 
Science Conference. no. 1416. [4] Korotev R.L. 2005. 
http://epsc.wustl.edu/admin/resources/meteorites/chemclass/che
mclass.htm.[5] Cahill J.T. et al. 2004. Meteoritics and Planetary 
Science 39: 503-529. [6] Bishoff A. et al.1998. Meteoritics and 
Planetary Science 33: 1243-1257. [7] Korotev R.L. et al. 2001. 
32nd Lunar and Planetary Science Conference. no. 1455. 
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LUNAR METEORITE SAU 300 – NOBLE GAS ISOTOPES 
R. Bartoschewitz1, J. Park2, K. Nagao2, R. Okazaki3, R. Nied-
ergesaess4, R. Pepelnik4, U. Reus4, Th. Kurtz5. 1Gifhorn, 
Germany. E-mail: Bartoschewitz.Meteorite-Lab@t-online.de. 
2University of Tokyo, Japan. 3Kyushu University, Japan. 4GKSS 
Forschungszentrum GmbH, Germany.  5Hannover, Germany. 
 
The new lunar meteorite Sayh al Uhaymir 300 (SaU 300) is 

classified as regolithic granulite breccia based on its petrology 
and chemistry [1,2,3]. The characteristic features indicate a high 
temperature metamorphic event, which produced the granulite 
breccia texture of this meteorite. A chip weighing 100.9mg from 
the meteorite has been measured for noble gases at the Labora-
tory for Earthquake Chemistry, Univ. of Tokyo by a stepwise 
heating method: 600, 800, 1000, 1200 and 1800°C.  

It showed a maximum release at 1000°C, whereas other noble 
gases were mostly released at 1800°C. At the 600 and 800°C, Ne 
isotopic ratios are interpreted as a mixture between terrestrial 
atmospheric and cosmogenic components, but at the higher tem-
peratures trace amount of SEP-Ne, [20Ne] ∼1×10-7 cm3STP/g, 
was recognized as the plots on a SEP-cosmogenic mixing line 
(Fig. 1). Solar wind Ne as indicated in [5] could not be identified. 
Regolith breccias generally trap solar wind (SW) and solar ener-
getic particles (SEP). By the later thermal metamorphism, less 
energetic SW-particles should have been removed. Cosmogenic 
3He, 21Ne and 38Ar concentrations are 0.3, 0.70, 1.5 ×10-8 
cm3STP/g. The increasing concentrations of heavier isotopes in-
dicate that heavier noble gases show longer apparent exposure 
ages, because production rates generally become smaller for 
heavier isotopes.  

The observations noted above are consistent with the 
petrological features: most of noble gases had been lost when 
granulitic texture was produced on the Moon, and trace amounts 
of noble gases strongly retained in some minerals remain in this 
meteorite. The noble gas release profile suggests that the tem-
perature was about 1200°C. From the above discussion, the cos-
mogenic 21Ne and 38Ar should be partly the products by cosmic-
ray irradiation on the Moon prior to the thermal event. Accord-
ingly, the concentration of cosmogenic 3He and its production 
rate of ∼1.5 ×10-8 cm3STP/g/Myr gives an upper limit on a transit 
time of SaU 300 from the Moon to the Earth as 0.2 Myr. Concen-
trations of radiogenic 4He and 40Ar are respectively 220 and 
1400 ×10-8 cm3STP/g. Adopting the concentrations of U (0.22 
ppm), Th (0.46 ppm) and K (510 ppm), U/Th-He and K-Ar ages 
were calculated as 0.055 and 2.9 Gyr, respectively. The much 
younger U/Th-He age should have been resulted by strong He-
loss during the thermal metamorphism. Because the radiogenic 
40Ar should have been lost partly at the thermal event, real crys-
tallisation age bust be older than the calculated K-Ar age.  
Similarities are observed for Dhofar 026, which is confirmed as 

the first lunar metamorphic meteorite and classified as anortho-
sitic granulite breccia [4,6]. The ancient regolith seems to have 
undergone thermal metamorphism to about 1000°C or more.  
References: [1] Russell S. et al. 2005. Meteorit. Planet. Sci. 40: 
The Meteorit. Bull. 89: this issue. [2] Bartoschewitz R. et al. 
2005. Meteori. Planet. Sci. 40: this issue. [3] Bartoschewitz R. et 
al. 2005. Meteorit. Planet. Sci. 40: this issue. [4] Shukolyukov 
Yu.A. et al. 2001. 32nd Lunar Planet. Sci. Conf. #1502. 
[5] Lorenzetti S. et al. 2005. Meteorit. Planet. Sci. 40: 315-327. 
[6] Cohen B. et al. 2004. Meteori. Planet. Sci. 39: 1419-1447. 
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AN ION-MICROPROBE STUDY OF LITHIUM ISOTOPES 
BEHAVIOR IN NAKHLITES.  
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1ENS Lyon, 46 allée d’Italie 69364 Lyon. E-mail : pbeck@ens-
lyon.fr . 2CRPG-CNRS, Nancy. 3CNRS-UMR 6538, Brest.  

 
Introduction: The bulk water content of martian meteorites 

is low [1], suggesting that they originated from dry basaltic melt. 
As an alternative, high pre-eruptive water content has been 
proposed by several workers. One of the arguments in favor of 
the latter hypothesis is the unexpected compatible behavior of Li 
and B measured in shergottitic pyroxenes [2]. 

In a previous work [3], the Li concentrations and isotopic 
profiles measured for the NWA 480 shergottite were described as 
consistent with the scenario developed by [2]. However, a 
number of works on planetary basalts raised concerns on the high 
mobility of Li in mineral phases at elevated temperature [4-6], 
which could perturb the pristine magmatic signature. Thus, we 
proceeded to further Li isotopic investigation on nakhlites, the 
second major family of martian meteorites. The samples studied 
are NWA 817, MIL 03346 and Nakhla. Lithium concentration 
and isotopic compositions were measured in pyroxenes and in the 
groundmass. 

Results: For Nakhla, Li concentration in augite appear to 
increase from cores ([Li] = 3.5 µg/g) to rims ([Li]=6.5 µg/g), 
while δ7Li is constant (δ7Li = +8.4 ± 2.4 ‰). The groundmass is 
enriched in lithium ([Li] = 10.0 ± 0.5 µg/g).  

In the case of NWA 817, two profiles were performed on two 
distant crystals. In both cases, Li concentrations are constant, 
with a mean of 9.2 ± 0.2 µg/g (n=20) (Fig. 2), but the isotopic 
composition reveals a large increase from cores (δ7Li~0 ‰) to 
rims (δ7Li ~ +20 ‰). 

For MIL 03346, Li abundances significantly increase from 
augite core ([Li] ~2.5 µg/g-1) to rim ([Li] ~9 µg/g). The isotopic 
composition measured along the profile is however unusual. 
Augite rim (δ7Li=+7 ‰) is slightly enriched in 7Li with regard to 
core (δ7Li = +4 ‰), but most of the isotopic variations observed 
occurs at intermediate position along the profile, where δ7Li falls 
down to ~ -11 ‰. Li concentration in the groundmass is similar 
to that measured for augite rims.  

Discussion: The shape of the profile obtained in MIL 03346 
resembles strikingly theoretical calculation of diffusion-induced 
isotopic fractionation [4]. When a Li concentration gradient re-
equilibrates, 7Li and 6Li should diffuse at significantly different 
speeds, due to a large relative mass difference. In Nakhla and 
MIL 03346, Li is heterogeneously distributed; pyroxenes have a 
low Li abundance with regard to the surrounding groundmass. 
Concentrations gradient are present, and re-equilibration can thus 
have induced an isotopic fractionation. Modeling of the diffusion 
process successfully reproduces the isotopic zoning observed in 
NWA 817 and MIL 03346. The lack of isotopic zoning in Nakhla 
can be explained by a smaller amount of groundmass. 

References: [1] Karlsson H.R. et al. 1992. Science 255, 
1409-1411. [2] Lentz R.C.F. et al. 2001. Geochimica et 
Cosmichimica Acta  65, 4551-4565. [3] Beck P. et al. 2004. 
Geochimica et Cosmochimica Acta 68, 2925-2933. [4] Barrat J-
A. et al. 2005. Geochimica et Cosmochimica Acta in revision. [5] 
Herd et al. 2004. American Mineralogist 89, 832-840. [6] 
Chaklader et al. 2005. Lunar and Planetary Science Conference 
XXXV A1397. 
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<1 pg 
for Ru and Ir, <2 pg for Re, <77pg for Pt, and either 74pg or 
22pg for Pd depending on carius tube glass stock. A 116 mg 
sample of Allende produced PGE-Re ratios consistent with recent 
literature data [1] at better than 5%, and with absolute concentra-
tions within published ranges. Lithophile element concentrations 
were determined by solution ICPMS on a separate 0.1 g aliquot 
of whole rock powder dissolved in HF+HNO3. 

Results: Ten samples, representing four geochemical groups 
based on Korotev’s classification [2], were analyzed. Ir concen-
trations range from 3.5 to 37 ng/g, and abundances of all PGE are 
highly correlated. CI (Orgueil) normalized PGE-Re patterns 
demonstrate two fundamentally different signatures. Samples 
classified as Groups 1, 2NR, and 2F based on lithophile elements 
have W-shaped CI-normalized patterns with enrichments of Re, 
Ru and Pd, relative to Ir and Pt, whereas samples classified as 
Group 3 have flat CI-normalized patterns, with Re/Ir and Pd/Pt 
characteristics more like ordinary or carbonaceous chondrites. 
For Groups 1 and 2, ratios such as Ir/Re, Ru/Ir, and Pd/Pt corre-
late with absolute abundances of PGE. At higher PGE concentra-
tions, Re/Ir and Pd/Pt ratios are similar to those of EH chondrites. 
At lower PGE concentrations, Ru/Ir, Re/Ir, and Pd/Pt increase to 
strongly non-chondritic compositions. Similar characteristics 
were found in our previous study of Apollo 17 poikilitic impact 
melt breccias [3]. 

Conclusions: At least two different events involving chon-
dritic impactors can be identified from the PGE-Re patterns of 
these Apollo 16 breccias. Impact processes appear capable of 
fractionating siderophile elements, such that classification of im-
pactor type based on single samples could be misleading. The 
identification of EH signatures at both the Apollo 16 and 17 sites 
suggests these were common types of impactors in the 3.9 Ga 
bombardment of the Moon. EH chondrites may have had a role in 
establishing the highly siderophile element characteristics of the 
Earth’s mantle. If the similar O-isotopic composition of the 
Earth, Moon, and enstatite chondrites indicates their formation in 
a related region of the nebula, then the impactors must have come 
predominantly from the inner Solar System. 

References: [1] Horan et al., 2003. Chem. Geol. 196:5-20. 
[2] Korotev R.L. 1994 Geochim. Cosmochim Acta 58:3931-3969 
[3] Norman M.D., Bennett V.C. and Ryder G. 2002. Earth Planet 
Sci. Lett. 90:217-228.  

68th Annual Meteoritical Society Meeting (2005) 5153.pdf


	5023.pdf
	SAYH AL UHAYMIR 300 – A NEW LUNAR METEORITE

	5079.pdf
	SAYH AL UHAYMIR 290 – A NEW CH3 CHONDRITE

	5024.pdf
	CHEMICAL CLASSIFICATION OF “SAU 300”

	5026.pdf
	LUNAR METEORITE SAU 300 – NOBLE GAS ISOTOPES




