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FORMATION INTERVAL OF THE LUNAR 
MANTLE FROM HIGH-PRECISION ND-ISOTOPE 
MEASUREMENTS OF SIX LUNAR BASALTS. 
K. Rankenburg1, A. D. Brandon1 and C. R. Neal2. 1NASA 
Johnson Space Center, Mailcode KR, 2101 Nasa Road 
One, Houston, TX 77058, kai.rankenburg1@jsc.nasa.gov, 
2Dept. of Civil Eng. & Geological Sciences, University of 
Notre Dame, Notre Dame, IN 46556, neal.1@nd.edu. 

 
Introduction: If the Moon has superchondritic 

142Nd/144Nd identical to the Earth, as suggested by avail-
able data [1,2], then the giant impact must have occurred 
into an already differentiated Earth, predominantly sam-
pling the LREE-depleted reservoir. In order to test this hy-
pothesis, Nd-isotope ratios were obtained on a Thermo-
Finnigan Triton TIMS for six lunar basalts that span the 
compositional range of lavas from the Moon: 15555, LAP 
02205: low-Ti; 70017, 74275: high-Ti; 15386, SAU 169: 
KREEP basalts. The lunar samples have crystallization 
ages of 3.15 to 3.9 Ga and preserve a range of present-day 
ε142Nd from -0.30 ± 0.07 (2σ) to +0.07 ± 0.05 when cor-
rected for the effects of neutron irradiation.  

The evolution of the lunar mantle is modeled assuming 
formation from material with average chondritic composi-
tion with present day ε143Nd = 0 and ε142Nd = -0.2 [1]. The 
ε143Nd and ε142Nd of the evolving lunar mantle is calcu-
lated using a two-stage model [2]. Self-consistent values of 
(147Sm/144Nd)t1 and t1 are calculated for each sample by 
simultaneously solving the equations for the evolution of 
142Nd and 143Nd. The best fit to the data yields a source 
formation age of all basalt samples of 215 +23,-21 m.y. 
(2σ) after solar system formation, and an intercept at the 
chondritic 147Sm/144Nd of = -0.19 ± 0.02 (MSWD= 0.99), 
consistent with contemporaneous formation of the source 
regions represented in this study from a LMO with a pre-
sent day ε142Nd = -0.19.  

A model in which the Moon was formed from material 
that predominantly sampled the Nd-depleted reservoir of 
an already differentiated Earth and/or impactor, is not con-
sistent with the data. Because both Earth and Moon likely 
formed in the same region of the solar nebula, the Earth should 
also have a chondritic bulk composition. In order to mass balance 
the Nd budget, these constraints require that a complementary 
reservoir with lower 142Nd/144Nd resides in the Earth’s mantle. 

References:  
[1] M. Boyet, R. W. Carlson, Science 309, 576 (2005). 

[2] L. E. Nyquist et al., GCA 59, 2817 (1995).  
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GENTNER – A MINIATURISED LIBS/RAMAN 
INSTRUMENT FOR THE COMPREHENSIVE IN SITU 
ANALYSIS OF THE MARTIAN SURFACE.  
I. Rauschenbach1, V. Lazic2, E.K. Jessberger1 and the 
GENTNER Team. 1Institut für Planetologie, Westfälische 
Wilhelms-Universität Münster, Germany. E-mail: irausch@uni-
muenster.de. 2ENEA, Frascati (RM), Italy. 

 
We introduce a novel instrument to determine in-situ rapidly 

and with relatively high sensitivity (down to 10 ppm) the concen-
trations of many elements in Martian rock, coarse fine and soil 
samples with a lateral resolution of <1 mm. At the same time the 
instrument will provide information on possible organic compo-
nents as well as mineralogical information. Detection of the life-
related elements like H, C, N, O, P, S and Fe and investigation of 
their 3D-distributions as well as their occurrences in the various 
Martian materials may be indicative of biological activity [1]. 

The proposed instrument is a combination of Laser Induced 
Breakdown Spectroscopy (LIBS) and Raman Spectroscopy. It is 
named GENTNER honouring the german physicist and cosmo-
chemist Wolfgang Gentner (1906 – 1980). GENTNER meets the 
requirements concerning advanced in situ analytical tools, like 
short measurement duration, high sensitivity, high repetition rate, 
high reproducibility, low mass, size and resource needs and high 
flexibility with respect to type, shape and size of sample material. 
This innovative instrument, the combination of LIBS with Ra-
man, greatly profits from synergetic effects, sharing the optical 
spectrometer, the lasers, and onboard data reduction facilities [2]. 
It also gains from recent developments in miniaturisation and 
from front-line laser research. 

The basic GENTNER concept consists of one or more small, 
light-weight Sensor Heads mounted on an arm and/or near the tip 
of a drill, and an Instrument Module (pump lasers, spectrometer, 
electronics, etc.) installed on a rover. Optical fibres connect Sen-
sor Heads and Instrument Module. An essential feature is the 
non-prerequisite of sample preparation. GENTNER will perform 
hundreds of individual chemical, mineralogical and “organic” 
analyses of all sample types within reach at all geologic sites vis-
ited. Distant geologic units are accessible through the analysis of 
wind- and impact-transported individual coarse fines (approx. 1 
mm) samples. These analyses will not be obstructed by dust cov-
erage since the instrument allows depth profiling for up to 2 mm. 
At the same time GENTNER shall serve to grossly characterize 
samples prior to GC-MS and isotopic studies in order to pre-
select interesting samples for these experiments [3]. 

However, the variability of the environmental conditions on 
Mars and the differences of the physical-chemical characteristics 
of the expected samples, require extensive studies of LIBS and 
Raman spectroscopy under Martian conditions. To obtain reliable 
quantitative LIBS results and to optimize the LIBS system per-
formance we studied in a first step the influence (a) of sample 
temperature and (b) of physical status – rock or powder. 

References:[1] Bertrand R., Del Bianco A., Jessberger E. K., Mann 
I., Peuser P., Rost D., Schneider K., Stephan T., Weber, I. 2003. Flight 
Model Instrument Concept, LIRAMIS-TN22-03, issue 1.0, ESTEC Con-
tract No.: 16475/02/NL/HB. [2] Bertrand R., Del Bianco A., Jessberger E. 
K., Mann I., Peuser P., Rost D., Schneider K., Stephan T., Weber, I. 2003. 
LIRAMIS Instrument Definition Document. LIRAMIS-TN4-10c, Issue 1.0. 
[3] Bertrand R., Del Bianco A., Jessberger E. K., Mann I., Peuser P., Rost 
D., Schneider K., Stephan T., Weber, I. 2001. Technical Data Package. 
ESTEC Contract no. 14866/00/NL/LVH. 
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UPDATES OF PROTON CROSS SECTIONS FOR 
PRODUCING COSMOGENIC RADIONUCLIDES.  
R. C. Reedy1 and K. J. Kim2.  1Institute of Meteoritics, Univer-
sity of New Mexico, Albuquerque, NM 87131 USA. E-mail: 
rreedy@unm.edu.  2NSF-Arizona AMS Laboratory, Physics 
Building, University of Arizona, Tucson, AZ 85721 USA. 

 
Introduction:  Good models are needed to interpret concen-

trations of cosmogenic nuclides measured in samples of solar-
system matter.  Theoretical calculations are usually used to get 
production rates to compare with measurements.  Important in-
puts to these theoretical calculations are cross sections for mak-
ing the nuclide of interest from its major target elements.  Pro-
tons make almost all nuclides produced by solar energetic parti-
cles and a fraction of the nuclides made by galactic-cosmic-ray 
(GCR) particles [1].  Most GCR-produced nuclides are made by 
neutrons, and cross sections for protons reactions are often used 
for neutrons or as a basis for estimating neutron cross sections.   

Proton Reactions Making Cosmogenic Radionuclides:  
Many cross sections for proton-induced reactions have been 
measured in the last decade and were included in these evalua-
tions of cross sections for making cosmogenic nuclides.  As the 
first phase of a project to update the cross sections used for our 
theoretical models, we are doing the major radioactive cos-
mogenic nuclides 10Be, 26Al, and 36Cl, which are major radionu-
clides made both by solar protons and GCR particles.   

Many cross sections for making these radionuclides for a 
range of targets and for energies from threshold to ~1 GeV were 
published in the late 1990s by R. Michel and co-workers [e.g., 2] 
and by J. Sisterson and colleagues [e.g., 3,4].  We also compiled 
cross sections from earlier works and searched several archives 
for additional measurements.   

Evaluation:  The compiled cross sections for these radionu-
clides were plotted as a function of energy for each major target 
element.  An evaluated set of cross sections as a function of en-
ergy was generated.  Often the data from the two major groups 
were in good agreement.  Occasionally, there was some spread in 
their cross sections for an energy.  If there were no other meas-
urements, a smoothed curve that was roughly an average of the 
different measurements was adopted.   

Summary:  Revised cross sections as a function of energy 
have been evaluated for the main proton reactions making 10Be, 
26Al, and 36Cl.  These cross sections will be used to reinterpret 
profiles of these radionuclides measured in the top centimeter or 
so of lunar rocks, such as 64455 [5].  Proton cross sections for 
other nuclides will be compiled and evaluated.  These proton 
cross sections will also be used as starting points for estimating 
improved cross sections for neutron-induced cross sections.   

References:  [1] Reedy R. C. and Arnold J. R. 1972. Journal 
of Geophysical Research 77:537-555. [2] Michel R. et al. 1997. 
Nuclear Instruments & Methods B 129:153-193.  [3] Sisterson J. 
M. et al. 1997. Nuclear Instruments & Methods B 123:324-329.  
[4] Sisterson J. M. et al. 1997. American Institute of Physics Con-
ference Proceedings 392:811-814.  [5] Nishiizumi K. et al. 1995. 
26th Lunar and Planetary Science Conference. pp. 1055-1056.   
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RADIOGENIC AND STABLE THALLIUM ISOTOPE 
VARIATIONS IN IRON METEORITES  
M. Rehkämper1, S.G. Nielsen2, H.M. Williams2, M. Schön-
bächler1, A.N. Halliday3. 1Dept. of Earth Science & Engineering, 
Imperial College, London SW7 2AZ, UK. 2Dept. of Earth and 
Planetary Sciences, Macquarie University, 2109 NSW, Australia. 
3Dept. of Earth Sciences, University of Oxford, Oxford OX1 
3PR, UK.  

 
The short-lived radionuclide 205Pb decays to 205Tl with a half-

life of 15 Myrs. Evidence for the presence of live 205Pb in the 
early solar system was provided by a recent Tl isotope study [1], 
which established a 205Pb-205Tl isochron for seven metal frag-
ments from the IAB irons Toluca and Canyon Diablo. Five troil-
ites from the same meteorites do not conform to the isochron re-
lationships exhibited by the metal samples. In particular, four of 
the sulfides exhibit Tl isotope compositions that are significantly 
less radiogenic than the co-existing metals. In studies of extinct 
radionuclides it has been standard practice to use the least radio-
genic isotope ratio measured as the best approximation of the 
solar system initial. This assumption is questionable for the 
205Pb–205Tl decay system, however, because it is difficult to ac-
count for the large isotopic contrast between metals and sulfides 
(up to about 5‰) by radiogenic decay of 205Pb alone. 

Mass dependent isotope fractionations provide an alternative 
explanation for the troilite data and such stable isotope effects 
have recently been identified in iron meteorites for Fe [2] and Ni 
[3]. Sulfides from various irons have a mean Fe isotope composi-
tion that is isotopically lighter than the metal by 0.5 ± 0.2‰ (1sd) 
for 57Fe/54Fe, and this offset is most readily explained by equilib-
rium fractionation. This suggests that the much larger Tl isotope 
differences between metals and troilites are unlikely reflect equi-
librium isotope effects. Rather, they are thought to be due to ki-
netic fractionations that were generated by diffusion. 

This interpretation follows from studies of the extinct 107Pd–
107Ag chronometer. Such investigations showed that the troilites 
of IVA irons exhibit large (up to ~20%) excesses of radiogenic 
107Ag. These excesses were thought to be caused by the diffusion 
of radiogenic Ag from the metal phase (with very high Pd/Ag) to 
associated sulfide inclusions (with low Pd/Ag), either during 
slow cooling or secondary heating [4]. Such a scenario is realistic 
because metal fragments from IVA irons are known to display 
107Ag excesses of up to ~800% and these can dominate the com-
position of the sulfides. The isotopic systematics are different for 
Tl because radiogenic ingrowth did not generate such extreme 
variations in isotope compositions. The unradiogenic Tl isotope 
ratios of the troilites may thus reflect diffusion of Tl with prefer-
ential transport of the lighter 203Tl isotope, as would be expected 
for kinetic isotope fractionation. 

Using reasonable values for the relative abundances of Tl in 
sulfides and metal, it can be demonstrated that diffusion can gen-
erate troilites depleted in 205Tl without significantly disturbing 
the isotope composition of co-existing metal. The proposed frac-
tionation model can be tested, but this is difficult because this 
requires, for example, analyses of Tl diffusion profiles at metal – 
sulfide grain boundaries or the quantification of kinetic isotope 
fractionations for troilite – metal pairs using reasonable analog 
elements. 

References: [1] Nielsen S.G. et al. 2006. GCA: in press. [2] Wil-
liams, H.M. et al. 2004. Eos Trans. AGU 85, F1251. [3] Quitte, G. et al. 
2005. Eos Trans. AGU 86, Abstract P41E-02. [4] Chen, J.H. and Wasser-
burg, G.J. 1990. GCA 54: 1729–1743. 
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MILTON PALLASITE AND THE SOUTH BYRON IRON 
TRIO: A GROUPLET FORMED BY OXIDATION AND 
FRACTIONAL CRYSTALLIZATION.  
V. S. Reynolds1, T. J. McCoy1, and W. F. McDonough2. 
1Department of Mineral Sciences, Smithsonian Institution, 
Washington, DC 20560-0119. 2Department of Geology, 
University of Maryland, College Park, MD 20742. 
 

Introduction: Among pallasites, only main group pallasites 
(PMG) show geochemical affinities to a group of irons (IIIAB), 
suggesting formation on the same parent body [1]. Additional 
links would greatly expand our understanding of core-mantle 
relationships. The Milton pallasite is ungrouped due to its high Ni 
and Ir concentrations, anomalous oxygen isotope signature, and 
FeO-rich olivine [2]. The metal composition of Milton is similar 
to the high-Ni irons South Byron, ILD 83500, and Babb’s Mill 
(Troost’s Iron), grouped as the South Byron trio [3]. We 
examined the metallographic structures and siderophile element 
abundances of these meteorites to determine whether they 
originated from the same parent asteroid and understand its 
formation. 

Results: As high-Ni irons, the structures of all four are 
similar and dominated by plessite. South Byron and ILD 83500 
contain sub-mm spindles of kamacite, as do larger plessitic areas 
of Milton. Rare sulfides and chromites are present, as are minute 
schreibersites that are associated with the kamacite spindles. The 
heat-treated Babb’s Mill (Troost’s Iron) lacks kamacite spindles. 
Milton also exhibits swathing kamacite surrounding silicates and 
oxides. 

CI chondrite-normalized siderophile element patterns for 
Milton, South Byron and ILD 83500 are remarkably similar. 
Refractory siderophiles are enriched at ~10-100xCI. Volatile 
siderophiles exhibit smaller enrichments at ~1-10xCI. Milton and 
South Byron show depletions in elements readily oxidized (W, 
Mo, Fe, Cr, and P). Finally, as observed by [3], we show 
differences in platinum group elements (e.g., Re, Os, Ir) are 
consistent with fractional crystallization. 

Discussion: The shared characteristics of Milton and the 
South Byron trio are consistent with formation on the same 
parent body, suggestive of a different history for these meteorites 
from other pallasite and high-Ni irons. In most high Ni irons 
(e.g., IVA, IVB, Tishomingo), high-T condensation had a 
significant role, forming a Ni-enriched, volatile-depleted 
siderophile element pattern [4, 5]. If condensation played a 
significant role in the formation of Milton-South Byron, these 
meteorites would be volatile siderophile depleted; however, they 
are not. While condensation processes may have a role in 
determining the bulk Ni concentration of this group, the uniform 
depletions of redox sensitive elements suggests that oxidation 
was a dominant process. We propose that oxidation controlled 
core formational processes on the parent body, as evidenced by 
the presence of Fe-rich silicates, chromite and phosphate [2]. 
Evidence for fractional crystallization is apparent in siderophile 
and PGE abundances, as suggested for the South Byron trio [3]. 
Unlike the pallasite in the PMG-IIIAB grouping [1], the pallasite 
in the Milton-South Byron grouplet appears to represent an early 
crystallizing solid. 

References: [1] Mittlefehldt D.W. et al. Planetary Materials. [2] 
Jones R. H. et al. 2003. #1683. 34th LPSC [3] Wasson J. T. et al. 1989. 
Geochimica et Cosmochimica Acta 53, 735-744. [4] Corrigan C. M. and 
McCoy T. J. (2005) Oxygen in Asteroids and Meteorites, #7023. [5] 
Campbell A. J. and Humayun M. (2005) Geochimica et Cosmochimica 
Acta 69, 4733-4744. 
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MINERALOGY AND PETROLOGY OF THE MARE 
BASALT-RICH BRECCIA MET 01210.  
K. Righter1 and B. Bussey2. 1NASA-JSC, Mailcode KT, 2101 
NASA Parkway, Houston, TX 77058; kevin.righter-1@nasa.gov. 
2Planetary Exploration Group, Space Department, JHU/APL, 
11100 Johns Hopkins Road, MP3-E169, Laurel, MD 20723. 

Introduction: Meteorite Hills (MET) 01210 was announced 
as a 22.8 g anorthositic breccia, based on examination of one thin 
section [1].  Subsequent studies [2-6] have revealed the presence 
of many basaltic lithologies in addition to anorthositic.  In some 
cases, basalt dominates by a 3:1 ratio (e.g., [4]).  We have under-
taken a petrographic study of MET 01210, and compare our re-
sults to other sections, thus giving a more comprehensive view of 
this interesting piece of the Moon. 

Petrography and mineralogy: The section studied (,34) 
contains ten large clasts (> 500 μm), including five coarse-
grained gabbros, two fine-grained feldspathic, two fine-grained 
basaltic (Fig. 1), and one symplectitic textured lithic clasts.  Also 
present are numerous finer (< 500 μm) grained single mineral 
fragments, including many (5) large silica grains.  Clasts make 
up approximately 15% of the mode, whereas the balance is made 
of either the finer mineral and lithic fragments and/or glassy ma-
trix.  Given this mixture of clast material and similar ratios ap-
parent among the finer materials, this section also is consistent 
with a "mingled" breccia, as suggested by [6].  

Discussion: The diverse clast types indicate an origin from a 
region that is proximal to both deep units such as the coarse 
grained gabbros and the fayalite-hedenbergite symplectites (also 
consistent with fine, extensive exsolution lamellae, [5]), and shal-
lower units as the finer grained basaltic and anorthositic clasts. It 
is most similar in petrography to other mingled breccias such as 
Asuka 881757/Yamato 793169 (also noted by [3]).  

 
Figure 1: Melt clast containing laths of nearly pure anorthitic plagioclase 
(dark) in a glassy matrix of basaltic composition (lighter).  Width is 2.0 
mm.  
 

References: [1] Satterwhite, et al. 2004. Ant. Met. Newsl., 27(1). 
[2] Patchen A. D. et al. 2005. Abstract #1411. 36th Lunar & 
Planet. Sci. Conf. [3] Arai T. et al. 2005. Abstract #2361. 36th 
Lunar & Planet. Sci. Conf. [4] Zeigler R. A. et al. 2005. Abstract 
#2385. 36th Lunar & Planetary Planet. Sci. Conf. [5] Huber H. 
and Warren, P.H. 2005. Abstract #3512. 36th Lunar & Planet. 
Sci. Conf.  [6] Korotev R.L. and Irving, A.J. 2005. Abstract 
#1220. 36th Lunar & Planet. Sci. Conf. 
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THE GREAT DIVERSITY OF PLANETARY MATERIALS 
RETURNED FROM THE QUEEN ALEXANDRA RANGE, 
ANTARCTICA.  
K. Righter1, R.P. Harvey2, J. Schutt2, C. Satterwhite3, K.M. 
McBride3, T.J. McCoy4, and L. Welzenbach4.  1NASA-JSC, 
Mailcode KT, 2101 NASA Parkway, Houston, TX 77058; 
kevin.righter-1@nasa.gov. 2Dept. of Geology, Case Western Re-
serve University, Cleveland OH 44106-7216. 3ESCG, Jacobs-
Sverdrup, NASA-JSC, Houston, TX 77058. 4Dept. Mineral Sci. 
NHB119, Smithsonian Institution, Washington DC, 20560. 

Introduction: The Queen Alexandra Range (QUE) has 
yielded 3444 meteorites over six ANSMET collecting seasons.  
This huge number compares with 2186 from the Elephant Mo-
raine, 1870 from Lewis Cliffs, 1600 from Allan Hills and 1130 
from the Meteorite Hills regions.  Although it is clear that many 
of the samples from this region are from a large ordinary chon-
drite fall, there is a great diversity of interesting samples. 

Chondrites: Several chondrites found in the QUE range 
have contributed to the recognition of new chondrite groups.  The 
metal-rich chondrites (QUE 94411, 94627 and 99309) are all 
now recognized to be part of the CB group [1]. Additionally, 9 
CK chondrites have been found in the QUE region, and made a 
significant contribution to the great number of CK's overall that 
have come from Antarctica (~70%).  QUE 97008 is recognized 
to be a rare low grade type 3 chondrite [2]. The region has also 
yielded 24 CM, 1 CO, 2 CR, 7 CV, 5 each of EH and EL chon-
drites. 

Achondrites: A large range of valuable achondrites has 
come from this region, including three lunar meteorites (QUE 
93069, 94269, and 94281), a shergottite (QUE 94201), 24 HED's, 
3 ureilites, an ungrouped achondrite (QUE 93148), a winonaite 
(QUE 94535), and an unusual 2.4 kg ungrouped enstatite meteor-
ite (QUE 94204 and seven paired masses from the 97 and 99 sea-
sons).  Two of the lunar meteorites are paired but are feldspathic 
regolith breccias [3], whereas the third (94281) is a glass-rich 
anorthositic-rich feldspathic regolith breccia [4].  These samples 
have provided new insight into the history and origin of the 
Moon.  The 12 g basaltic shergottite is very unusual in that it is 
P-rich and contains up to 5% modal apatite, and as a result has 
provided age and petrologic information complementary to other 
shergottites [5].  The unusual achondrite QUE 93148 appears to 
be linked to pallasites [6].  The QUE region has also yielded 1 
pallasite, 12 mesosiderites, and one enormous iron – 22 kg QUE 
99001.  The paucity of irons in Antarctica has been emphasized 
by [7], but this is a welcome anomaly.  

Summary: The return of these samples, as well as the de-
tailed studies that followed illustrates the potential of even a sin-
gle Antarctic region to advance our knowledge and understand-
ing of planetary materials.  

References: [1] Weisberg, M.K. et al. 2001. MAPS 32, 401-
418. [2] Grossman, J.N. and Brearley, A.J. 2005. MAPS 40, 87-
122. [3] Korotev, R.L. et al. 1996. MAPS 31, 909-924. [4] Arai, 
T. and Warren, P.H. 1999. MAPS 34, 209-234. [5] McSween, 
H.Y. et al. 1996 GCA 60, 4563-4569.  [6] Goodrich, C.A. and 
Righter, K. 2000. MAPS 35, 521-535.  [7] Cassidy, W. 2003. 
Meteorites, Ice and Antarctica. Cambridge Univ. Press, 349 pp. 
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REVISITING THE DECOMPRESSED DENSITY OF 
MERCURY.  
M. A. Riner1,2, C. R. Bina2 and M. S. Robinson1,2. 1Center for 
Planetary Sciences, Northwestern University, Evanston, IL. E-
mail: mariner@earth.northwestern.edu. 2Dept. of Geological Sci-
ences, Northwestern University, Evanston, IL. 
 

Introduction: Mercury is unique among the terrestrial plan-
ets in terms of its low mass (3.302×1023 kg) and high average 
density (5.427 g/cc) that together imply an iron-rich composition 
relative to Venus, Earth, Mars and the Moon.  Typically plane-
tary bulk density is converted to decompressed density to allow 
meaningful interplanetary comparisons. The methodology used 
to calculate planetary decompressed density is not well docu-
mented in the scientific literature. Meaningful interpretations of 
decompressed density values require a clear elucidation of as-
sumptions and methodology. In this abstract we present a de-
tailed calculation of decompressed density for Mercury along 
with an analysis of the sensitivity of the method and implications 
for scientific interpretations of Mercury’s decompressed density.   

Method:   The model uses a second-order Birch-Murnaghan 
equation of state to calculate Mercury’s self compression, assum-
ing an adiabatic temperature profile within the mantle and core 
[e.g. 1].  The temperature difference at the core mantle boundary 
is represented by the difference between the mantle and core 
adiabats extrapolated to zero pressure, ΔTk. We assume a con-
stant thermal expansion coefficient (α = 2.5×10-5 K-1). 

The model is constrained by the observed total mass and total 
radius.  Unfortunately the moment of inertia of Mercury is poorly 
constrained because Mercury rotates so slowly that non-
hydrostatic contributions to the second degree gravitational po-
tential coefficient, J2, are larger than the hydrostatic contribution 
[e.g. 2].  The model was applied to 1300 random scenarios using 
the range of values shown in Table 1.  The parameter values for 
the core are selected to cover a range of compositions (Fe and 
FeS) and phase (liquid and solid) [3].    

 ρm
o  

g/cc 
ρk

o  
g/cc 

KSm
o  

GPa 
KSk

o  
GPa 

R k
  

km 
ΔTk

 
K 

Values 
 

3.35±0
.25 

6.4± 
1.4 

180± 
30 

170±
40 

2000
±400 

500±
500 

Table 1 – From left to right the columns indicate the range of 
values for mantle density, core density, bulk moduli of mantle 
and core, (all at zero-pressure and 300K) core radius, and the 
temperature difference between the mantle and core adiabats ex-
trapolated to zero pressure. 

Results:   Model scenarios with the lowest mass errors  (± 
1019 kg) have decompressed densities between 5.19 and 7.38 
g/cc. The larger values for decompressed density correspond to 
larger core radii counterbalanced, to match the total mass, by low 
core densities, high core bulk moduli and/or hot core adiabats.  
Restricting the core radius to <2200km (rather than <2400km) 
results in decompressed density values between 5.19 and 6.38 
g/cc.    

Conclusions: Due to the uncertainty in the moment of inertia 
factor, core size, and the core and mantle density for Mercury, 
accurate calculation of the decompressed density is not possible 
at this time.  Thus the commonly held assumption that, due to its 
small mass, the decompressed density of Mercury is well con-
strained at 5.3 g/cc is still open to question.  However, applica-
tion of this model to the Earth indicates that the decompressed 
density of the Earth is well constrained (±0.1 g/cc), even with 
variations in the mantle and core density and core size, as long as 
the total mass, total radius and moment of inertia factor con-
straints are met.  Measurement of the moment of inertia for Mer-
cury would better constrain the decompressed density.   

References: [1] Stacey, F.D. 1992. Physics of the Earth. 
Brookfield Press [2]  Ness, N.F. 1978. Space Sci. Rev. 21:527-
553. [3] Harder H. and Shubert G. 2001. Icarus 151:118-122. 
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VARIATIONS IN LUNAR OPAQUE PHASE AND GRAIN 
SIZE: IMPLICATIONS FOR REMOTE SENSING OF TiO2.  
M.A. Riner1, M.S. Robinson1 P.G. Lucey2, and D.S. Ebel3. 
1Center for Planetary Sciences, Northwestern University, Evans-
ton, IL 60208. E-mail: mariner@earth.northwestern.edu. 2Hawaii 
Institute of Geophysics and Planetology, SOEST, University of 
Hawaii, Honolulu. 3American Museum of Natural History, New 
York, NY.  
 

Introduction: Many workers have shown a correlation be-
tween visible color and TiO2 abundance of lunar samples. How-
ever nagging uncertainties remain in the universal applicability 
of visible color differences to accurate prediction of TiO2 abun-
dance from remote sensing observations [e.g. 1,2]. Here we in-
vestigate two potentially important controls on UVVIS color of 
lunar soils that may hinder accurate TiO2 estimates: presence of 
opaque mineralogy other than ilmenite, and opaque grain size 
variations.  

Methods: Reflectance spectra of samples of powdered natu-
ral basalt, synthetic ilmenite (FeTiO3) and synthetic ulvöspinel 
(Fe2TiO4) were measured (Ocean Optics HR2000CG-UV-NI, 
200-1100nm at near zero phase angle (α) and/or RELAB 300-
2800nm at α=30° [3]).  Reflectance spectra of mixtures of these 
components were modeled using radiative transfer methods [4].  
Preliminary assessment of the mixture modeling was confirmed 
by spectral measurements of four mixtures of ilmenite and basalt. 

Results: The 415/750nm color ratio of ulvöspinel is 4% 
lower than ilmenite (Table 1), which reduces to < 1% in the 
modeled mixtures of the opaque minerals with basalt (Table 1). 
Some of the ratio change may be due to grain size distribution 
variations between the two samples.  Decreasing the grain size of 
ilmenite from 20-63μm to <20μm decreases the 415/750 ratio by 
9%. 

Measured Samples 415/750 Modeled mixtures 415/750 
Ilmenite (< 63 μm) 0.984 20% ilmenite  0.832 

Ulvöspinel 0.947 40% ilmenite 0.865 
Ilmenite (20-63μm) 1.020 20% ulvöspinel 0.829 

Ilmenite (<20 μm) 0.931 40% ulvöspinel 0.857 
Table 1. Relative color of measured mineral separates at varying 
grain sizes (α=0°), model mixtures from end-member spectra 
measured at α=30°. 

Discussion: Ulvöspinel on the lunar surface is spectrally in-
distinguishable from ilmenite from the 415/750nm ratio alone. 
Since a given mass of ulvöspinel has one third less mass of TiO2 
than ilmenite, its occurrence results in a TiO2 overestimate using 
this ratio. The change in the 415/750nm ratio caused by varia-
tions in the ilmenite grain size fractions considered here is twice 
as large as the difference between ulvöspinel and ilmenite (Ta-
ble).  Decreasing the grain size of a mineral (e.g ilmenite) in a 
mixture tends to increase its apparent abundance.  Thus mixing 
systematics indicate that decreasing ilmenite grain size will in-
crease the 415/750nm ratio while spectral changes have the op-
posite effect.  The magnitude of these competing effects is un-
known. The spectral changes due to particle size variation must, 
therefore, be considered in addition to the mixing systematics.  

Conclusions: If some areas of the lunar regolith carry 
ulvöspinel as the dominant opaque mineral, estimates of TiO2 
abundance could be in error up to several weight percent. Spec-
tral changes due to grain size variations in ilmenite affect the 
UVVIS ratio by ~9% for the size separates considered here.  The 
effect on TiO2 estimates also depends on the competing effect of 
mixing systematics.  Actual variations in particle size distribu-
tions on the lunar surface may be smaller than those shown here, 
resulting in less dramatic variations in UVVIS ratio. Further 
work to assess the relative magnitudes of the competing effects 
of ilmenite grain size on UVVIS color is necessary. 

References: [1] Elphic, R.C. et al. 2002. JGR 107: 
10.1029/2000JE001460. [2] Gillis et al 2003. JGR 108:5009. [3] 
Pieters C.M. 1983. JGR 88:9534-9544. [4] Clark, B.E. et al. 2001 
MAPS 31:1617-1637. 
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THE MOLECULAR STRUCTURE AND ISOTOPIC 
COMPOSITIONS OF THE INSOLUBLE ORGANIC 
MATTER IN CHONDRITES 

F. Robert1 and S. Derenne2. (1) LEME, CNRS-Muséum, Paris, 
France (robert@mnhn.fr) (2)LCBOP-BioEMCo, CNRS, ENSC, 
Paris, France. 
 

The interstellar origin (ISM) of the Insoluble Organic Matter 
(IOM) extracted from CCs was originally supported by two inde-
pendent observations: (1) its infrared spectrum mimics the inter-
stellar spectrum around 3.3 microns [1] (2) its hydrogen is en-
riched in Deuterium relative to clay minerals [2]. To better con-
straint a model accounting for its organo-synthesis, the details of 
the molecular structure of the IOM were investigated since 1999. 
Several interesting discoveries have been made during the course 
of these studies involving pyrolysis GC-MS, MNR and Infrared 
spectroscopy, GC-iRMS and NanoSims imaging. 

 (1) The origin of the Universal 3.3 micron feature is now 
better understood: it results from the statistical distribution of C 
and H to form all the possible substitutions of the –CH2 and -CH3 
bounds in aliphatic chains [3].  

(2) The PAHs that constitute the largest moieties of fused 
benzene rings are formed by a number of cycles (3 on average in 
2D), markedly lower than the PAHs detected in interstellar grains 
[4]. This may result from the photodissociation of the smaller 
aromatic units by UV radiations. This is most likely the signature 
of a protosolar process rather than ISM’s. 

(3) The benzene rings have a unique signature attesting of 
their extraterrestrial origin: they contain di-radilcoids [5]. Al-
though predicted by quantum theory, these di-radilcoids were 
never observed in natural substances. As water circulation and/or 
parent body metamorphism would have erased these di-radicals, 
such a feature was likely established during the condensation of 
the IOM from the gas.  

(4) Since no amine is present in the IOM (at a detection limit 
≤7%), amino acids are not the by-products of the hydrolysis of a 
precursor polymer common to the soluble and the IOM  [6]. 

(5) The planetary noble gases are mechanically trapped in the 
organic polymer and not in the benzenic molecules or in the left 
over oxides associated with acid extracts [7]. 

(6) The D/H ratios of the three main organic bounds (ali-
phatic, aromatic, benzylic) exhibit a systematic D enrichment in 
the weaker organic hydrogen bounds. Therefore, the enrichment 
in Deuterium was acquired after the formation of the IOM and, in 
this respect, IOM cannot be regarded as an interstellar heritage.  

References:  
[1] Ehrenfreund P., Robert F. and D’Hendecourt L. (1991) 
Astron. Astrophys., 252, 712-717. [2] Robert F. and Epstein S. 
(1982) Geochim. Cosmochim. Acta, 16, p. 81-95. [3] Gardinier 
A., Derenne S., Robert F., Behar F., Largeau C., and Maquet J. 
(2000) Earth Planet. Sci. Lett. 184, 9-21. [4] Derenne S., 
Rouzaud J-N, Clinard C. and Robert F. (2005) Geochim. Cosmo-
chim. Acta, 69, No. 15, 3911-3918. [5] Binet L., Gourie D., Der-
enne S., Robert F. and Ciofini I. (2004). Geochim. Cosmochim. 
Acta  68, 881-891. [6] Remusat L., Derenne S., Robert F. and 
Knicker H. (2005) Geochim. Cosmochim. Acta, 69, No. 15, pp. 
3919–3932. [7] Marrocchi Y., Derenne S., Marty B and Robert 
F. Earth Planet. Sci. Lett. 236, No. 3-4, 569-578. [8] Remusat et 
al., (2006)  Earth Planet. Sci. Lett 243, 15-25. 
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A CATALOGUE OF LARGE METEORITE SPECIMENS 
FROM CAMPO DEL CIELO METEORITE SHOWER, 
CHACO PROVINCE , ARGENTINA. 
M. C. L. Rocca , Mendoza 2779-16A, Ciudad de Buenos Aires, 
Argentina, (1428DKU), maxrocca@hotmail.com. 

 
Introduction: The Campo del Cielo meteorite field in Chaco 

Province, Argentina, (S 27º 30’, W 61 º42’) consists, at least, of 20 
meteorite craters with an age of about 4000 years. 

The area is composed of sandy-clay sediments of Quaternary-
recent age. The impactor was an Iron-Nickel Apollo-type asteroid 
(Octahedrite meteorite type IA) and plenty of meteorite specimens 
survived the impact. Impactor’s diameter is estimated 5 to 20 me-
ters. The impactor came from the SW and  entered into the Earth’s 
atmosphere in a low angle of about 9º. As a consequence , the aster-
oid broke in many pieces before creating the craters. The first mete-
orite specimens were discovered during the time of the  Spanish 
colonization. Craters and meteorite fragments are widespread in an 
oval area of 18.5 x 3 km (SW-NE), thus Campo del Cielo is one of 
the largest meteorite’s crater fields known in the world.  

Crater nº 3, called “Laguna Negra” is the largest (diameter: 115 
meters). Inside crater nº 10, called “Gómez”, (diameter about 25 
m.), a huge meteorite specimen called “El Chaco”, of 37,4 Tons, 
was found in 1980. Inside crater nº 9, called “La Perdida” (diameter 
: 25 x 35 m.)  several meteorite pieces were discovered weighing in 
total about 5200 kg. 

The following is a catalogue of large meteorite specimens (more 
than 200 Kg.) from this area as 2005. Information given is the name 
of the meteorite, its weight and date of discovery and its current 
location.  

References: [1] EL ABIPON: 460 Kg.- 1936-Museo Argentino 
de Ciencias Naturales,(MACN), Buenos Aires city, Argentina. [2] 
EL CHACO: 37,4 Tons -1980-Gancedo , Chaco, Argentina. This 
specimen is the second heaviest meteorite known in the World. [3] 
EL MATACO: 998 Kg.-1937- Museo Provincial, Rosario, Santa Fe, 
Argentina. [4] EL MOCOVI: 732 Kg.-1925-MACN, Buenos Aires 
city, Argentina. [5] EL PATIO: 350 Kg.-Found before 1960-
Estancia El Taco, Chaco, Argentina. [6] EL TACO: 1998 Kg.-1962-
Main mass at National Museum of Natural History, Smithsonian 
Institution, Washington ,DC; USA; 600 Kg. at Planetarium of Bue-
nos Aires city, Argentina. [7] EL TOBA: 4210 Kg.-1923-MACN, 
Buenos Aires city, Argentina. [8] EL TONOCOTE: 850 Kg.-1931- 
Planetarium, Buenos Aires city, Argentina. [9] LA PERDIDA(1): 
1625 Kg.-1965- Planetarium, Buenos Aires city, Argentina. [10] LA 
PERDIDA(2): 3370 Kg.-1965-Still in the crater. [11] MESON DE 
FIERRO: 15 Tons – 1576 – Lost. [12] RUNA POCITO: 750 Kg.- 
1803- British Museum, London, United Kingdom. [13] NO NAME: 
10 Tons.-1997-Near its find site, Chaco, Argentina. [14] LA 
SORPRESA: 7-10 Tons-2005-Still in the crater . 

Acknowledgements: This work was funded by The Planetary 
Society, Pasadena, California, USA.  
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TWO NEW POTENTIAL METEORITE IMPACT SITES IN 
CHUBUT PROVINCE , ARGENTINA. 
M. C. L. Rocca , Mendoza 2779-16A, Ciudad de Buenos Aires, 
Argentina, (1428DKU), maxrocca@hotmail.com. 
 

Introduction: Site One:  A remarkable site of a possible new 
large meteorite impact craters field has been studied by the examina-
tion of Landsat and aerial photographs ( Instituto Geografico Mili-
tar). 

More than 100 small possible simple-type craters are widespread 
over an area of 27 × 15 Km. located at Meseta Filu-Co, Bajada del 
Diablo, Chubut Province, Argentina (42º45’S  67º30’W). Largest 
crater’s diameter is 1 Km.. Most of these craters show clear evi-
dences of having raised rims. Fourteen craters have diameters be-
tween 300 and 1000 meters.  

Craters are mainly located on areas were fluvial sedimentary de-
posits ( conglomerates ) of Tertiary and Quaternary age are exposed 
but, many craters are also located on several different geologic ter-
rains like, e.g., small basaltic plateaux and piroclastic rocks. 

Areas exposing Recent fluvial sediments show no crater so the 
impact event was not very recent [1]. No doubt, many craters have 
been erased by the Recent fluvial erosion processes and what we see 
today is just a fraction of the original population of craters. 

When meteorite showers reach the ground they distribute them-
selves into a strewn field which usually defines an elliptical shaped 
area called, the dispersion ellipse. The long axis is coincident with 
the direction of motion of the swarm and the most massive frag-
ments normally fall at the far end of the dispersion ellipse [2]. 

There is no evidence for those patterns in the case of Bajada del 
Diablo craters. Medium to large craters are randomly distributed all 
over the whole area of the craters field. No clear dispersion ellipse is 
visible in the images. 

Most probably, this craters field is the result of the impact of a 
100 to 200 meters wide rubble-pile type asteroid which was broken 
in hundreds of fragments by the Earth’s gravity force short before 
entering into the atmosphere. Then the swarm of fragments created 
the crater field.. 

Site two: Meseta del Canguel, Chubut Province, (44º28’S 
68º35’W). 

Three possible simple-type impact craters located in an Y-shape 
configuration on a olivine-basalt plateau. Craters show raised rims. 

Diameters: 1.3, 0.8 and 0.6 Kilometres. 
Age is estimated in less than 20 Ma [3] 
Acknowledgements: This work was funded by The Planetary 

Society, Pasadena, CA, USA.  
References: [1] Corbella H.  (1987), Revista Asociación Mine-

ralogia, Petrología y Sedimentologia 18 (1/4), p. 67 (in Spanish). [2] 
Krinov E. (1966), Giant Meteorites, Pargamon Press, New York. [3] 
Ardolino A. et al. (1999) Anales SEGEMAR 29,(1): 579-612. 
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MAGNETIC CLASSIFICATION, WEATHERING AND 
TERRESTRIAL AGES OF ANTARCTIC ORDINARY 
CHONDRITES.  
P. Rochette1, L. Folco2 J. Gattacceca1, C. Berteloot1, and C. 
Suavet1. 1CEREGE University of Aix-Marseille 3, France. 
2Museo Nazionale Antartide Siena Italy 

 
Magnetic susceptibility (χprovides a means to dis-

criminate rapidly between LL, L and H falls [1] . This method 
allows rapid scan of collections without sample preparation and 
with portable instruments [2]  However, the classification abili-
ties are hampered by weathering: for example a weathered H 
chondrite can yield the same susceptibility as a fresh L chondrite. 
The three well separated Gaussian distributions for fresh LL, L 
and H [1]  are skewed and partially merged by the weathering 
effect. The use of density measurements [3] does not really help 
to solve the ambiguity. In order to delineate this effect, we pro-
pose a simple mathematical model using the logχ versus terres-
trial age function as input data. To constrain the model logχ ver-
sus terrestrial age function, we can use meteorites with cos-
mogenic isotopes derived ages. We will present data on Antarctic 
meteorites (from PNRA and ANSMET collections), showing a 
rather significant correlation for H and L, at odds with the litera-
ture contention that terrestrial age is independent of weathering 
grade in Antarctic meteorites. This contradiction likely arises 
from the fact that the weathering grade adopted for Antarctic me-
teorites (WG) is a sort of color color index, that does not repre-
sent correctly the amount of metal oxidized in non-magnetic 
phase (akagaenite, goethite, paramagnetic Fe3+), which is actu-
ally what logχ measures. We will discuss the dispersion observed 
in the correlation in terms of uncertainties in terrestrial age and 
log determination, as well as in terms of different weathering 
processes depending on the story of the meteorite on or in the ice. 
As a perspective the calibration curve can be used to predict the 
terrestrial age distribution of a given collection for which logχ 
measurements are available. 
 
References: [1]  Rochette, P., et al.., 2003 Meteoritics & Plane-
tary Science 38, 251-268. [2]  Folco, L. et al., 2006, Meteoritics 
and Planetary Sciences 41, 343–353. [3]  Consolmagno G. J. et 
al., 2006, Meteoritics and Planetary Sciences 41, 331-342. 
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MAGNETIC CLASSIFICATION OF C, E, K, R AND 
UNGROUPED CHONDRITES.  
P. Rochette1, J. Gattacceca1, L. Sagnotti2, L. Folco3 G. Consol-
magno4 and M. Denise5. 1CEREGE CNRS University of Aix-
Marseille 3, France. 2INGV Roma, Italy 3Museo Nazionale 
Antartide Siena Italy, 4Specola Vaticana, Vatican City, 5MNHN 
Paris. 

 
Magnetic susceptibility (χprovides a mean to discriminate 

rapidly between LL, L and H falls [1] . We expand this work to 
C, E, K, R and ungrouped chondrites, based on previously pub-
lished  database [2,3] and new data. The complete database cor-
responds to more than 400 different meteorites (and 700 samples) 
from 21 large collections around the world. A preliminary sum-
mary was included in [4]. Once weathering effect is isolated 
(mostly visible for metal rich material: E, CR, CH), most groups, 
except CM and CV, yield well grouped logχ values, indicative of 
a rather restricted variation of the amount of magnetic minerals 
(metal, magnetite or pyrrhotite).  

One can distinguish 3 categories: weakly magnetic R (mean 
logχ of 3.2), moderately magnetic CO, K, CK, CI (logχ from 4.5 
to 4.9, i.e. similar to L) and strongly magnetic CR, CH and E 
(logχ from 5.1 to 5.4, i.e. similar to H). On the other hand a wide 
range of values are observed for CM and CV, from 3.3 to 4.9, i.e. 
a factor 40 range in magnetic mineral amount (wt%), while the 
total iron amount is much less variable. No tendency for a group-
ing toward a specific value is observed, although one may distin-
guish a “grouplet” of strongly magnetic CM, already pointed out 
as anomalous: Bells, Essebi, Niger, MAC02606, MET01177.  
The corresponding range of redox conditions encountered in CM 
and CV should be discussed in terms of metamorphism on the 
parent bodies, but it seems that larger values (near 4.9) are ob-
served for less metamorphosed meteorites. This large range al-
lows to propose pairing hypothesis for Antarctic CV and CM. 
Among the ungrouped C2 to C4 a somewhat similar range is ob-
served although a tendency toward values near 4.9 (case of e.g. 
Tagish Lake, Coolidge) is somehow visible.  

Other ungrouped, anomalous meteorites are tentatively com-
pared to some groups based on their logχ value. For example 
Kaidun fits with an average CI magnetic content, Taffafaset with 
a CR magnetic content. 

References: [1]  Rochette, P., et al.., 2003 Meteoritics & 
Planetary Science., 38, 251-268. [2] Rochette et al., 2001, Quad-
erni di Geofisica [3] Smith et al., 2006, Meteoritics and Plane-
tary Sciences 41, 355-374 [4]  Folco, L.et al., 2006, Meteoritics 
and Planetary Sciences 41, 343–353.  
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SRTM INVESTIGATION OF THE ARAGUAINHA 
IMPACT CRATER, CENTRAL BRAZIL.  
R. Romano1, G. R. Cooper2, W. U. Reimold2,3. 1Department of 
Geology, Federal University of Ouro Preto, Minas Gerais, 
35400-000 Brazil. E-mail: rcromano@gmail.com. 2Impact Cra-
tering Research Group, School of Geosciences, Univ. 
Witwatersrand, Johannesburg, RSA. 3Museum für Naturkunde 
(Mineralogie), Humboldt-Universität, Berlin, Germany. 
 

The 40 km diameter Araguainha impact structure (at 16 47’ 
S: 52 59’ W) was excavated ca. 245 Ma ago in flat-lying Permian 
to Devonian sediments of the intracratonic Paraná Basin, central 
Brazil. The impact origin for the structure is based on the pres-
ence of shatter cones and bona fide shock deformation of miner-
als from throughout the central parts of the structure. The struc-
ture is characterized by an ~8-km-wide central uplift surrounded 
by a 10-15 km wide zone of annular rings formed by vertical and 
lateral movements of the target rocks during the collapse stage 
[1].  

In this study we analyzed 3 arc second Shuttle Radar Topog-
raphy Mission (SRTM) data and enhanced thematic Mapper 
(ETM+) Landsat images for the region around Araguainha. Sev-
eral enhancement methods for circular structures were applied to 
the SRTM data, such as radial sunshading [2]. 

Color composite Landsat ETM+ with RGB 7-4-2 bands, 
sharpened with the panchromatic band, shows a structure com-
prising a 6 km wide, near-circular central uplift, open to the 
southeast, surrounded by an apparently flattish depression of 
about 5 km width, with a ca. 7.5 km radius intermediate ring fea-
ture, followed by the outer rim at 20-22 km from the center. The 
structure appears to be very well preserved in the N and NW sec-
tors, where it was not affected by erosion by the Araguaia River, 
which cuts the structure across the SW and NE sectors. 

The SRTM raw data for the area of the structure provide a 
detailed representation of the annular and concentric drainage 
pattern. The sunshading filters provide a much clearer image of 
the structure than the Landsat imagery. As in the Landsat image, 
the SRTM data show a structure with prominent annular rings in 
the N and NW sectors. The radial average filter applied gives 
more detail about the ring features. A central topographic low is 
observed with a radius of 2.1 km, followed by an outer central 
ring of 3.6 km and an annular trough of ca. 3.4 km radius. The 
first intermediate ring appears as a narrow feature at 7 km. The 
second intermediate ring, at 12.2 km, is the most prominent one, 
with an average elevation of 100 m compared to the annular 
trough. A third intermediate ring appears at 14.6 km from the 
center, followed by the outer rim at 18.5 km. 

The Landsat and SRTM data provide a powerful tool for de-
tailed observations of structure and morphology of impact struc-
tures. These data indicate that the Araguainha Structure com-
prises a complex peak-ring structure. Comparing these features 
with other similar impact structures on Earth could provide fun-
damental information with regard to the identification of such 
structures and for the understanding of cratering mechanisms. 

References: [1] Lana et al. 2006. Geology 34(1):9-12; [2] 
Cooper, G. R. J. 2003. Computers & Geosciences 29:941-948. 
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THE NATURE OF THE LITHIUM-RICH PHASE FOUND 
IN MIL 03346 MESOSTASIS.  
D. Rost1, E. P. Vicenzi1, M. Fries2, and A. Steele2. 1Smithsonian 
Institution, Dept. of Mineral Sciences, Washington, D.C. 20560, 
USA. E-mail: rostd@si.edu. 2Geophysical Laboratory, Carnegie 
Institution of Washington, Washington, D.C. 20015, USA. 

 
Introduction: Martian meteorite MIL 03346 putatively 

originates from an upper stratum of the nakhlitic lava flow(s) [1]. 
The recent discovery of Li-rich grains in its mesostasis [2] is 
important for understanding the preterrestrial aqueous alteration 
processes in nakhlites, since a readily dissolvable Li host phase is 
a likely source for the Li enriched in secondary clay minerals 
found in Nakhla and Lafayette [3,4] – by way of percolating 
fluids. Here we present additional spectroscopic information 
regarding the nature of the Li-enriched phase in MIL 03346. 

Methods: Polished thin sections were used for ToF-SIMS 
analyses (IONTOF TOF-SIMS IV), confocal Raman examination 
(WITec α-SNOM), and EDX measurements (Thermo Electron 
NSS on both a JEOL 840A and an FEI Nova NanoSEM 600). 

Results: The MIL 03346 mesostasis contains small grains 
(10–50 µm) with compositions that suggest fayalite, i.e., 
~(Fe0.91Mg0.06Mn0.03)2SiO4 if cast into the olivine formula, and 
high Li contents ranging from 44 to 100 ppm. However, Raman 
spectroscopic analysis identified fayalite only in the cores of a 
few grains. The majority of the grains are not olivine as their 
distinctive Raman spectrum is incompatible with common mafic 
silicates, e.g., olivine and pyroxene. The Li concentrations in 
both phases are indistinguishable. A ~50 µm thick rim of pheno-
cristic olivine in contact with the mesostasis turned out to be this 
unknown phase as well, and is similarly rich in Li. 

Small deviations in the composition of the unknown phase 
relative to the fayalite (Fe depletion and O enrichment) suggest 
the ferriolivine laihunite, Fe2+Fe3+

2(SiO4)2. This is supported by 
similar Raman spectra taken from our National Museum of Natu-
ral History’s laihunite mineral specimen. 

Discussion: Oxidizing conditions and temperatures of 
~700°C convert olivine (fayalite) into ferriolivine (laihunite) and 
other reaction products, e.g., hematite and magnesioferrite [5–7]. 
In MIL 03346, no such additional oxides have been observed in 
connection with the assumed laihunite. Therefore, it is difficult to 
speculate on the conditions of laihunitization in MIL 03346. 

The high Li concentrations might be the result of a general 
trend of Li enrichment in the nakhlitic parental melt as it is also 
documented in increasing bulk meteorite contents of Li (see 
overview in [2]) at supposed shallower stratigraphic levels [8,1]: 
Eventually, the olivine in the MIL 03346 mesostasis was the least 
unsuitable phase to incorporate Li. 

The Li concentrations in these grains are comparable to those 
in secondary clays [3,4] and could represent the original siting of 
Li, before it was mobilized by penetrating fluids. 

Outlook: Analyses of other laihunite samples are planed to 
corroborate its presence in MIL 03346. EMPA will be employed 
to confirm our current microanalytical observations. 

References: [1] Mikouchi T. et al. 2005. LPS XXXVI #1944. 
[2] Rost D. et al. 2006. LPS XXXVII #2362. [3] Rost D. and 
Vicenzi E. P. 2004. Meteoritics & Planetary Science 39:A92. 
[4] Rost D. et al. 2005. LPS XXXVI:#2306. [5] Kondoh S. et al. 
1985. American Mineralogist 70:737–746. [6] Iishi K et al. 1997. 
Physics and Chemistry of Minerals 25:8–14 [7] Khisina N. R. et 
al. 1998. European Jornal of Mineralogy 10:229–238. [8] Mik-
ouchi T. et al. 2003. LPSC XXXIV #1883 

69th Annual Meteoritical Society Meeting (2006) 5164.pdf



OXIDATION STATE AND O-ISOTOPIC COMPOSITIONS 
OF EQUILIBRATED H CHONDRITES.  
Alan E. Rubin, Institute of Geophysics, University of California, 
Los Angeles, CA  90095-1567, USA; aerubin@ucla.edu. 

 
     Equilibrated members of the H-L-LL sequence show a corre-
lation between mean group oxidation state (as represented by 
olivine Fa) and mean group O-isotopic composition (indicated by 
Δ17O): H4-6 (Fa 18.8 mol%, Δ17O = 0.73‰), L4-6 (Fa 24.7 
mol%, Δ17O = 1.07‰), LL4-6 (Fa 29.4 mol%, Δ17O = 1.26‰) 
[1,2]. The correlation is not restricted to the group means, but 
also occurs among 14 H-chondrite falls [3]. I have analyzed oli-
vine in six additional H4-6 falls for which O-isotopic composi-
tions were previously determined [2]: Ambapur Nagla, H5 (Fa 
18.2±0.1, n=28; Δ17O = 0.75‰); Charsonville, H6 (Fa 17.6±0.2, 
n=22; Δ17O = 0.65‰); Forest City, H5 (Fa 18.0±0.2, n=27; Δ17O 
= 0.75‰); Kernouvé, H6 (Fa 18.6±0.2, n=26; Δ17O = 0.78‰); 
Pantar, H5 (Fa 18.3±0.5, n=27; Δ17O = 0.56‰); Weston, H4 (Fa 
18.3±0.3, n=23; Δ17O = 0.88‰). [At this point, 20 of the 22 H-
chondrite falls for which O-isotopic data are available have been 
analyzed; electron microprobe analyses of the two remaining H 
chondrites (H5 Leighton and H6 Cape Girardeau) are pending.] 
The correlation between olivine Fa and Δ17O is significant:          
r = 0.574, n = 20, 2α = 0.008, significant at the 99.2% confidence 
level. However, three samples (Pantar, Weston, Tysnes Island) 
are solar-gas-rich regolith breccias; the first two of these are out-
liers. Because regolith breccias contain exotic clasts of different 
chondrite groups [4,5], their bulk O-isotopic compositions are not 
representative of pristine H-chondrite material.  If these breccias 
are omitted from the correlation, its significance increases:    r = 
0.725, n = 17, 2α = 0.001, 99.9% confidence level.  
     There are also correlations between olivine Fa and Δ17O 
among H-chondrite falls of the same petrologic type (again omit-
ting the regolith breccias): H5 (r = 0.825, n = 5, 2α = 0.09, 91% 
confidence level); H6 (r = 0.832, n = 7, 2α = 0.02, 98% confi-
dence level). However, the H4 correlation is not significant:         
r = 0.569, n = 5, 2α = 0.36, 64% confidence level. 
     It is likely that the correlations between oxidation state and O-
isotopic composition in OC were established in the solar nebula. 
Rubin [3] proposed that a single component (17O-rich phyllosili-
cate) was acquired by OC during agglomeration; H chondrites 
acquired the lowest abundance and became the most reduced OC 
with the lightest O isotopes. Different amounts of this component 
were incorporated into individual batches of H-chondrite material 
irrespective of their future parent-body thermal histories.  
     Equilibrated L- and LL-chondrite falls show no intragroup 
correlations between Fa and Δ17O [3]; the appreciable scatter in 
the L data and even greater scatter in the LL data may be caused 
by the presence in these rocks of an additional, heterogeneously 
distributed, O-bearing component that is more abundant in LL 
chondrites. One candidate is the set of coarse silica-rich clasts in 
LL3.6 Parnallee that have Δ17O values of 1.5 to 3.0‰ [6]. Even 
during metamorphism to petrologic-type-6 levels, these clasts 
would not have completely equilibrated their O isotopes [7].    
References:  [1] Rubin A.E. 1990. Geochim. Cosmochim. Acta 
54:1217-1232. [2] Clayton R.N. et al. 1991. Geochim. Cosmochim. 
Acta 55:2317-2337. [3] Rubin A.E. 2005. Geochim. Cosmochim. 
Acta 69:4907-4918. [4] Noonan A.F. and Nelen J.A. 1976. Meteorit-
ics 11:111-130. [5] Keil K. and Fodor R.V. 1980. Chem. Erde 39:1-
26. [6] Bridges J.C. et al. 1995. Meteoritics 30:715-727. [7] Olsen 
E.J. et al. 1981. Earth Planet. Sci. Lett. 56:82-88.  
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SHOCK AND ANNEALING IN EL CHONDRITES. 
Alan E. Rubin, Institute of Geophysics, University of California, 
Los Angeles, CA  90095-1567, USA; aerubin@ucla.edu. 

 
     Shock has affected the structure, texture and mineralogy of 
EL chondrites of all petrologic types. EL3: Shock stages range 
from S2-S5; many samples are foliated. Impact deformation 
caused foliations in OC [1]; it is likely that EL3 foliations also 
formed by impact. Extensive shock melting is precluded by the 
presence of excess 53Cr in EL3 sphalerite [2]. EL4: The three 
rocks I studied are impact-melt breccias (IMBs) of shock-stage 
S2. QUE 94368 contains euhedral enstatite grains protruding into 
kamacite and euhedral graphite laths surrounded by metal and 
silicate; these features are characteristic of enstatite-chondrite 
IMBs (e.g., EH Abee [3]). QUE94368 contains euhedral grains 
of sinoite (Si2N2O) that probably crystallized from the melt [4]. 
Grein 002, which was partly impact melted, contains euhedral 
grains of enstatite, graphite and sinoite [5]. MAC02747 contains 
euhedral grains of enstatite and graphite. EL5-EL6: Nearly all of 
these rocks are S2, but many EL6 chondrites have features sug-
gesting much higher shock levels at an earlier period. Blithfield 
is a chondrule-free IMB with large sulfide-rich, kamacite-poor 
clasts, a metal-rich matrix, and cm-size metal veins. Hvittis is a 
fragmental breccia with impact-melt-rock clasts. Atlanta contains 
a sulfide-rich, kamacite-poor clast and cm-long metal veins. 
NWA 2213 has euhedral grains of enstatite and graphite, kama-
cite grains with small troilite blebs, and troilite grains with small 
kamacite blebs. Forrest 033, GRO95626 and QUE97462 contain 
euhedral grains of enstatite and graphite. Other EL6 chondrites 
also contain euhedral enstatite grains. Euhedral grains of sinoite 
occur in Forrest 033, Hvittis, Jajh deh Kot Lalu, Pillistfer, Ufana, 
Yilmia, ALHA81021, LEW88714, EET90102 and Neuschwan-
stein. Diopside is present in EL3 MAC88136 [6], EL4 Grein 002 
[5], EL6 EET90102 [7] and EL6 NWA 2213. Diopside is proba-
bly a primary phase in EL3 chondrites. In EL4-6 chondrites, 
diopside may have formed by reaction of oldhamite and enstatite 
at high temperatures followed by quenching [7]. The brecciated 
and melted textures of some EL6 chondrites and textural and 
mineralogical similarities to the impact-melted portions of EL4 
chondrites (including the presence of sinoite, diopside, euhedral 
enstatite and euhedral graphite) suggest that at least some EL6 
chondrites are annealed IMBs. The EL4-6 chondrites may have 
formed from EL3 chondrites by variable degrees of impact heat-
ing, burial beneath insulating regolith material, and annealing. 
Annealing in the EL4-6 chondrites erased shock effects in pyrox-
ene, producing grains with sharp optical extinction. Subsequent 
impacts caused undulose extinction to develop in pyroxene, 
changing the rocks’ shock-classifications to stage S2. It is un-
clear to what extent the decay of short-lived radionuclides con-
tributed to EL-chondrite metamorphism. About 60% of EL6 
chondrites have similar 21Ne CRE ages (27±6 Ma) [8,9] suggest-
ing that these rocks were in the same location on their parent as-
teroid and likely experienced similar shock and thermal histories.  
References: [1] Sneyd D.S. et al. 1988. Meteoritics 23:139-149. [2] El 
Goresy A. et al. 1992. Lunar Planet. Sci. 23:331-332. [3] Rubin A.E. and 
Scott E.R.D. 1997. Geochim. Cosmochim. Acta 61:425-435. [4] Rubin 
A.E. 1997. Am. Mineral. 82:1001-1006. [5] Patzer A. et al. 2004. Meteo-
rit. Planet. Sci. 39:1555-1575. [6] Lin Y.T. et al. 1991. Lunar Planet. Sci. 
22:811-812. [7] Fogel R.A. 1997. Meteorit. Planet. Sci. 32:577-591. [8] 
Crabb J. and Anders E. 1981. Geochim. Cosmochim. Acta 45:2443-2464. 
[9] Patzer A. and Schultz L. 2001. Meteorit. Planet. Sci. 36:947-961.  
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Al-26 IN SEMARKONA (LL3.0) CHONDRULES: ONSET 
AND DURATION OF CHONDRULE FORMATION. N. G. 
Rudraswami1, B. K. Chattopadhyay2, B. K. Bandopadhyay2 and 
J. N. Goswami1, 1Physical Research Laboratory, Ahmedabad – 
380009, India, 2Geological Survey of India, Kolkota – 700016, 
India. (E-mail: gowda@prl.res.in). 

 
Al-Mg isotope records have been studied in Semarkona (LL3.0) 
chondrules to further our understanding of the onset and duration 
of chondrule formation. The extremely low degree of thermal 
metamorphism suffered by this meteorite in its parent body is 
expected to preserve the pristine records of Al-Mg isotope sys-
tem in the analyzed chondrules. An earlier study of 26Al records 
in Semarkona chondrules [1] suggested onset of chondrule for-
mation about 2 Ma after CAI and a short duration of chondrule 
formation. Studies of chondrules from other UOCs support late 
formation of chondrules but argue for an extended duration of 
chondrule formation of >2 Ma [2-4]. 

A polished thin section of Semarkona was mapped using 
SEM and EPMA to identify chondrules containing Al-rich phases 
(glassy mesostasis and rare plagioclase). A Cameca ims-4f ion 
microprobe was used for isotopic studies of a dozen selected 
chondrules. The presence of Mg-rich microcrystallites within the 
Al-rich glassy phases makes it difficult to carry out meaningful 
isotopic study in many chondrules. However, we could detect 
well resolved 26Mg excess (from 26Al decay) in four of the chon-
drules where we could conduct meaningful isotopic analysis. The 
data yielded well-behaved isochrones and we infer initial 
26Al/27Al ratio of (1.24±0.26)×10-5, (1.14±0.27)×10-5, 
(1.10±0.12)×10-5 and (5.4±0.2)×10-6, respectively, for these 
chondrules. 

The initial 26Al/27Al values obtained in this study reinforce 
the suggestion that formation of CAIs preceded chondrules for-
mation by at least 1.5 Ma. Further, three of the chondrules have 
very similar initial 26Al/27Al that suggests a short duration of 
chondrule formation in the early solar system. However, the 
fourth chondrule, that has a large spread in Al/Mg ratio and a 
very well behaved Al-Mg isotope systematic, has an initial 
26Al/27Al ratio lower than the other chondrules. Low initial 
26Al/27Al ratios of (4 to 8) ×10-6 have also been reported earlier 
[5] for Semarkona and Bishunpur (LL3.1) chondrules. These data 
argue for an extended duration of chondrule formation unless we 
invoke thermal metamorphism of these chondrules in a pre-
parent body setting.  Both the proposition of an extended dura-
tion of chondrule formation and thermal metamorphism in a pre-
parent body environment require isolation of CAIs and chon-
drules for significant durations of more than 3 Ma before their 
mixing and accretion to form the chondritic parent bodies. This is 
in contrast to the fact that accretion, differentiation and crust 
formation in the case of parent bodies of differentiated meteorite 
was complete within 3-5 Ma following the formation of CAIs 
[see, e.g., 6-9].                                         

 
References: [1] Kita N.T. et al. 2000. GCA 64:3913–3922. 

[2] Russell S.S. et al. 1996. Science 273:757-762. [3] Huss G.R 
et al. 2001. MAPS 36:975–997. [4] Mostefaoui S. et al. 2002. 
MAPS 37:421-438. [5] McKeegan K. et al. 2000. Abstract # 
2009, 31st LPSC. [6] Srinivasan G. et al. 1999. Science 284: 
1348-1350. [7] Kleine et al. 2002. Nature 418: 952-955. [8]Yin 
Q et al. 2002. Nature 418: 949-952. [9] Kleine et al. 2005. GCA 
69: 5805-5818. 
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NWA 2999 AND OTHER ANGRITES: NO COMPELLING 
EVIDENCE FOR A MERCURIAN ORIGIN.  
A. Ruzicka and M. Hutson. Cascadia Meteorite Laboratory, 
Dept. of Geology, Portland State University, 17 Cramer Hall, 
1721 SW Broadway, Portland, OR 97207. 

 
Introduction: NWA 2999 is the tenth known angrite, and 

contains disequilibrium textural features which recently led to the 
suggestion that it and other angrites were derived from Mercury 
[1,2].  These features include diopsidic-augitic clinopyroxene 
(cpx) + spinel (sp) symplectites around plagioclase (plag), and 
discontinuous coronas of plag around sp.  The textures were in-
terpreted by Irving et al. [1,2] as having formed by crossing the 
olivine (ol) + plag = sp + orthopyroxene (opx) + cpx reaction 
boundary twice, with the symplectites forming by transition to 
higher pressure (>6.7 kb), and the plag coronas forming upon 
pressure release.  We suggest instead that these textures were 
more likely produced during low pressure crystallization. 

Melting and crystallization in angrite systems:  Partial 
melts of carbonaceous chondrite precursors under relatively oxi-
dizing conditions at 1 bar produce angrite-like melt compositions 
and mineralogies [3,4].  The low-pressure liquidus phase dia-
grams of Longhi [4] show that sp and plag can either appear or 
disappear as temperature is changed under relatively oxidizing 
conditions.  For an Allende (CV3) oxidized composition with no 
Fe removed, initial melting begins at ~1130 ºC with co-existing 
ol, cpx, and sp.  Plag forms and cpx disappears after ~4% melting 
at ~1162 ºC and plag disappears after 19% melting at ~1248 ºC.  
For an Allende composition with 10% Fe removed, ol + cpx + 
plag + sp coexist with the first melt, sp disappears after ~1% 
melting, cpx disappears after ~1.7% melting at ~1166 ºC, and 
after 22% melting plag disappears and sp reappears.  We suggest 
that plag coronas around sp in NWA 2999 formed as temperature 
dropped to ~1250 ºC when plag began to crystallize.  Cpx + sp 
symplectites around plag probably formed as temperature 
dropped to ~1165 ºC, when both cpx and sp were stable.  Thus, 
cooling during crystallization can explain the disequilibrium tex-
tures.  Pressure changes and large planetary bodies are not re-
quired. 

Angrites from Mercury?  In contrast to Irving and cowork-
ers [1,2], we find no compelling evidence that angrites were de-
rived from Mercury.  Arguments against a mercurian origin for 
angrites were given previously [5] and include their old crystalli-
zation ages (4.56 Ga) and ferrous compositions.  In particular, the 
ferrous compositions and reflectance spectra of angrites are com-
pletely at odds with spectral data for Mercury [6,7].  The mini-
mal shock and metamorphic effects experienced by most angrites 
are also inconsistent with their derivation from a large body [8].  
Finally, NWA 2999 contains ~8% metal [2], unlike what one 
would expect for Mercury’s crust or mantle. 

References: [1] Irving T. et al. (2005) Eos Trans. AGU 86 
(52). [2] Kuehner S.M et al. (2006) LPS XXXVII, #1344. 
[3] Jurewicz A. et al. (1993) Geochim. Cosmochim. Acta 57, 
2123-2139. [4] Longhi J. (1999) Geochim. Cosmochim. Acta 63, 
573-585. [5] Love S. and Keil K. (1995) Meteoritics 30, 269-278. 
[6] Burbine T. et al. (2002) Meteorit. Planet. Sci. 37, 1233-1244. 
[7] Burbine T. et al. (2001) LPS XXXII, #1857. [8] Mittlefehldt 
D. et al. (2002) Meteorit. Planet. Sci. 37, 345-369. 
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TRACE ELEMENT COMPOSITIONS OF NORMAL, 
DUSTY, AND CLEAR OLIVINE IN CHAINPUR 
CHONDRULES.  
A. Ruzicka1 , C. Floss2, and M. Hutson1 1Dept. Geology, 17 
Cramer Hall, 1721 SW Broadway, Portland State University, 
Portland, OR 97207. 2Laboratory for Space Sciences, Washing-
ton University, St. Louis, MO 63130. 

 
Introduction: As part of a continuing study of trace-element 

compositions of olivine in chondrules from UOCs such as Sa-
hara-97210 (LL3.2) and Chainpur (LL3.4) [1], we have obtained 
the first trace element data for dusty olivine and coexisting clear 
olivine, in addition to normal igneous olivine, in chondrules from 
Chainpur.  Dusty olivine contains micron-sized Ni-poor metal 
dust and is widely agreed to have formed by FeO-reduction of 
olivine during chondrule formation [2,3]. 

Dusty and clear olivines:  We analyzed two porphyritic-
pyroxene-olivine (PPO) chondrules that contain dusty-metal-
bearing olivine and clear olivine.  The clear olivine shows normal 
Fe-Mg zoning.  The dusty and clear grains have the lowest con-
centration of Ni (10-22 and 16-34 µg/g, respectively) of all oli-
vine analyzed to date, much lower than in normal igneous olivine 
from Chainpur (124 ± 35 µg/g, N = 13).  Co contents are also 
low in both dusty and clear olivine (~6-12 and ~5 µg/g, respec-
tively) compared to normal igneous olivine in Chainpur (25-130 
µg/g).  Low Ni and Co contents in dusty olivine were found de-
spite analyzing metal dust with SIMS (~2 wt% overall in the 
dusty olivines, as inferred from EMPA data), indicating the oli-
vine must be highly depleted in these elements.  The P content of 
clear olivine (14-26 µg/g) is significantly lower than in coexist-
ing dusty olivine (130-230 µg/g), and lower than in normal igne-
ous grains (range 25-1000 µg/g, mean ~300 µg/g). 

Formation of the PPO chondrules: Clear olivine probably 
formed by igneous crystallization from melts that were produced 
during the reheating event that caused metal dust to exsolve in 
dusty olivine.  Similar, and low, abundances of Ni and Co in the 
dusty and clear olivine implies that they equilibrated with melt 
under reducing conditions sufficient to cause metal saturation 
and low Dol/melt values, corresponding to fO2 values less than 3.9 
log units below the CCO and NNO buffers [4].  This is consistent 
with the observed Fa contents of olivine (Fa4-9) in the chondrules.  
Evidently, normal olivine crystallized with higher Dol/melt and fO2 
values, leading to higher Ni and Co contents.  The low P content 
in clear olivine is also attributed to formation under low fO2, but 
evidently P in the dusty olivine was out of equilibrium with the 
chondrule melt.  Heating during chondrule formation must have 
been sufficiently long to allow Ni and Co to diffuse out of the 
dusty olivine, but not so long as to allow P to diffuse out.  Based 
on Ni and Co diffusion data [5] and the size of the dusty relicts, 
this heating duration is estimated as about a few hours. 

References: [1] Ruzicka A. and Floss C. (2004) Lunar 
Planet Sci. XXV, #1422. [2] Leroux H. et al. (2003) Meteorit. 
Planet. Sci. 38, 81-94. [3] Jones R.H. and Danielson L.R. (1997) 
Meteorit. Planet. Sci. 32, 753-760. [4] Ehlers K. et al. (1992) 
Geochim. Cosmochim. Acta 56, 3733-3743. [5] Morioka M. 
(1981) Geochim. Cosmochim. Acta 45, 1573-1580. 
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Introduction: The origin of the Mt. Oikeyama structure in 

Central Japan has been debated for many decades. The purpose 
of this study is to provide new  information about scanning 
electron microscope-cathodoluminescence (SEM-CL) data of 
planar microdeformations in quartz samples to determine whether 
this area was formed by tectonic, regular geological processes or 
shock metamorphic events. 

Experimental Procedure: SEM-CL imaging and CL 
spectral analyses were performed on selected polished thin 
sections coated with a 20-nm thin film of carbon in order to avoid 
charge build-up. SEM-CL images were collected using a 
scanning electron microscope (SEM), JEOL 5410LV, equipped 
with a CL detector, Oxford Mono CL2, which comprises an 
integral 1200 grooves/mm grating monochromator attached to 
reflecting light guide with a retractable paraboloidal mirror.  

Results and Discussion: Gratz et al. [1] distinguished 
shocked quartz from tectonically deformed quartz by SEM on the 
HF-etched quartz, and reported differences between glass-filled 
Planar Deformation Features (PDFs-“pillaring” texture) and 
glass-free tectonic deformation arrays. These similarities of the 
shock-related pillaring texture and tectonic-related arrays in a 
quartz sample from Mt. Oikeyama are visible in the secondary 
image followed HF-etching. This indicates that the presence of 
glass-filled micro-cracks such as wide planar transformation 
lamellae might be related to the shock-metamorphic processes 
[1]. Seyedolali et al. [2] and Boggs et al. [3] revealed that planar 
microstructures in shocked quartz resulted from meteorite or 
cometary impact can be discriminated from other resemble 
features by SEM-CL image. Typical CL image of PDFs 
described by [3] is characterised by fine dark streaks with 1-2 µm 
thickness in bright luminescent background and sufficient 
parallelism of dark streaks with 5-20 µm spacing, where the 
texture of CL image is favourably compared with planar 
microstructures illustrated in petrographic optical image. 
Overwhelming parallel dark streaks observed in CL image of 
Oikeyama quartz are quite narrow in thickness of 1 to 2 µm or 
less near to effective resolution of CL imaging, whereas several 
broad dark bands with 5-10 µm thick can be recognised. The 
spacings of dark streaks are predominant in 3-5 µm. According to 
the verification by [3] parallel dark streaks in CL image of 
Oikeyama quartz could be unambiguously led to the evidence of 
PDFs. Consequently, all arguments of an impact origin of the Mt. 
Oikeyama and related rocks are based on interpretation of 
selected SEM-CL observations. 

Acknowledgement: This work has been partly supported by 
the Hungarian Space Office (TP-293).  

References: [1] Gratz A. J. et al. (1996) Earth Planet. Sci. 
Lett., 142, 513-521. [2] Seyedolali A. et al. (1997) Geology 25, 
787-790. [3] Boggs S. et al. (2001) Meteoritics Planet. Sci. 36, 
783-793.  

 

69th Annual Meteoritical Society Meeting (2006) 5106.pdf




