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SOURCES OF BASALTIC VOLCANISM IN THE
ARCADIA PLANITIA, MARS. M. L. Rampey’, K. A. Mi-
lam?, H. Y. McSween, Jr., J. E. Moersch® and P. R. Christensen?
'Department of Earth and Planetary Sciences, University of Ten-
nessee, Knoxville, Tennessee 37996-1410, mrampey@utk.edu,
Department of Geological Sciences, Arizona State University,
Tempe, Arizona

Introduction: The surface of Mars is considered to consist
largely of volcanic materials of basaltic and andesitic composi-
tions, referred to a surface type 1 (ST1) and surface type 2 (ST2)
[1,2]. These were shown to be dominant in spatially distinct re-
gions, effectively making separate hemispheres of each. The
manner in which entire hemispheres of distinct compositions
could be formed, however, remains unexplained. Others have
suggested that the ST2 material is not true andesite lava but
weathered ST1 (basalt) [3].

We examined surface compositions of an anomalously ST1-
rich area of the Mars northern hemisphere, in order to discover
the source of the ST1 materials. Our intention was to contribute
to the ongoing debate about the nature of the relationship be-
tween ST1 and ST2. We refer to the study area as the Tyndall
Dome Field (TDF - informal name not formally accepted by the
International Astronomical Union), located in the western Arca-
dia Planitia region. This large area (~ 1.8 x 10° km?) contains
hundreds of small (diameters <10 km) lava domes, enigmatic
lineaments, lava flows and impact craters, all superposed upon a
broad, low-relief plain. The present work focuses on the domes.
We used Thermal Emission Spectrometer (TES) and Thermal
Emission Imaging System (THEMIS) thermal IR data to closely
analyze surface compositions.

Results: We found that the domes are more ST1-rich than
are the plains. The proportion of ST1 found in the plains material
decreases markedly with distance from domes. THEMIS data
show that the domes are shedding material onto the plains.

Conclusions: We conclude that the TDF domes are point-
sources (vents) for ST1 lava production in this sector of the Mars
northern hemisphere. The domes appear to have created aureoles
of relatively ST1-rich deposits on the ST2-rich plains materials.

Implications: This work cannot resolve the debate about the
identity of ST2, however, the weathered basalt hypothesis is sup-
ported by the observations that the only vents producing lava that
have been found in the TDF produced basalt; additionally, the
domes are relatively young, local topographic highs and there-
fore could logically have escaped weathering by standing above
the plains weathering agent (an ancient ocean?) or by being of
later date than the weathering event(s). It remains possible, how-
ever, that andesite lava plains might have been extruded onto the
TDF surface and later, basaltic volcanism produced the domes.

References: [1] Bandfield J. et al. 2000, Science, 287, 1626-
1630. [2] Hamilton V.E. et al. 2001, Journal of Geophysical Re-
search, 106, 14,733-14,746. [3] Wyatt M. B. and McSween Jr. H.
Y. 2002, Nature, 417, 263-266.
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LAP 02 205: AN EVOLVED MEMBER OF THE APOLLO
12 OLIVINE BASALT SUITE? K. Rankenburg, A. Brandon®,
M. Norman? and K. Righter'. *!NASA/JSC, Mailcode KR, Hous-
ton, TX 77058. E-mail: kai.rankenburgl@jsc.nasa.gov. > Re-
search School of Earth Sciences, Australian National University,
Canberra ACT 0200.

Introduction: LAP02205 is a low-Ti mare-basalt meteorite
which was discovered in the LaPaz Ice Field in Antarctica [1].
The petrology and geochemistry of LAP02205 indicates that this
meteorite is unique among lunar samples in its evolved magmatic
nature (e.g. low Mg# of 0.33, high concentrations of incompati-
ble elements). Previous work [2-8] suggests that LAP02205 is a
younger variant of volcanism that produced the Apollo 12 pi-
geonite, ilmenite, or olivine basalts [2,5-7]. This hypothesis is
addressed here on the basis of combined major and trace element
modeling and isotope systematics.

Results: The major element, trace element and Rb-Sr iso-
topic compositions were measured for hand-picked pyroxene,
ilmenite, plagioclase and shock melt glass by EMP and LA-ICP-
MS. The glass composition compares very well with published
bulk rock compositions of LAP02205 [2-4,8] and is therefore
used to model parental melt compositions. Measured trace ele-
ment concentrations of glass, clinopyroxene and plagioclase are
consistent with equilibrium partitioning between these phases
[D’s taken from ref. 9]. The Rb-Sr data on leached mineral frac-
tions of LAP02205 define a nine point isochron of 2956+14 Ma
with an initial 8’Sr/®®Sr of 0.699840+11, MSWD=0.43). The
whole rock leachate plots only slightly outside the 2c-error inter-
val, consistent with only minimal terrestrial contamination in the
Antarctic environment. This crystallization age is consistent with
previous results [7].

Discussion: The major and trace element composition of

LAP02205 is consistent with a derivation from primitive Apollo
12 olivine basalts by fractional crystallization. Thermodynamic
modeling demonstrates that the fractionating phases are mainly
olivine with minor amounts of pigeonite. Ratios of incompatible
trace elements therefore should be similar in LAP02205 and its
parental magma. Assuming a parental melt similar to average
Apollo 12 basalts, crustal contamination of LAP02205 can be
excluded based on Sr/Sm and Eu/Sm ratios, which are high in
lunar feldspathic crust [10]. However, slightly altered Ti/Sm,
Ti/Y and Sc/Y ratios allow for assimilation of 6-7% of KREEPy
material [av. from ref. 11]. Available data for Apollo 12 basalts
suggest a lower source *Rb/*®Sr ratio compared to the
LAP02205 source region [7]. However, this discrepancy might
be resolved by assimilation of high Rb/Sr KREEP at 2.96 Ga.
Recycling of KREEP into the moon’s interior might be important
for younger lunar magmatism in that it provides a suitable heat
source for the generation of these magmas.
References: [1] McCoy T. et al. (2003) Antarctic Meteorite
Newsletter 26 (2). [2] Joy K.H. et al. (2004) LPS 35, Abstract
#1545. [3] Anand M. et al. (2004) LPS 35, Abstract #1626. [4]
Joliff B.L. et al. (2004) LPS 35, Abstract #1438. [5] Day M.D.
(2005) LPS 36, Abstract #1419. [6] Collins S.J. (2005) LPS 36,
Abstract #1141. [7] Nyquist L.E. et al. (2005) LPS 36, Abstract
#1374. [8] Joy K.H. et al. (2005) LPS 36, Abstract #1697, #1701.
[9] Snyder G.A. et al. (1992) Geochim. et Cosmochim. Acta 56,
3809-3823. [10] Korotev L.K. et al. (2003) Geochim. et Cosmo-
chim. Acta 67, 4895-4923. [11] Norman M.D. et al. (2002) Earth
and Planet. Sci. Lett. 202, 217-228.
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CONSTRAINING MODELS FOR THE PRODUCTION OF
NUCLIDES BY ENERGETIC PARTICLES IN EARLY
SOLAR SYSTEM MATTER. R. C. Reedy" ‘Institute of Me-
teoritics, Univ. of New Mexico, Albuquerque, NM 87131 USA.
E-mail: rreedy@unm.edu

Introduction: Irradiations by energetic particles have often
been proposed to explain isotopic anomalies in solar system mat-
ter, including some in the very early solar system. There is good
evidence that short-lived radionuclides like 0.7 Myr Al-26 and
1.5 Myr Be-10 were live in the early solar system. Some argue
that these radionuclides were made by a local irradiation [e.g.,
1,2], while others [e.g., 3,4] argue against local irradiations pro-
ducing most anomalies and for nucleosynthetic processes being
the source of many isotopic anomalies.

It has been proposed that some radionuclides were made by
the galactic cosmic rays (GCR) or other interactions in interstel-
lar space before the solar system’s formation. Densch et al. [5]
argued that the Be-10 incorporated in CAls was made by GCRs
in interstellar space. Modern observations and calculations can
be used to help constrain models for early local irradiations.

Modern Observations: Live Al-26 in the galaxy has been
often observed [6]. Be-7 and Be-10 make up 52% and 4%, re-
spectively, of the Be nuclei in modern GCRs [7]. The fluxes of
He-3 in modern solar energetic particles (SEPs) are very low [8].

Nature of the Ancient Particles: There is very little known
about the energetic particles in and near the early solar system.
Modern observations, such as given above, can give us clues to
the compositions of the GCR and SEP (mainly protons and some
He-4) and to their spectral shapes (energy power laws) but do not
provide any guidance to their fluxes. Both types of energetic
particles probably had higher fluxes than today.

Production Calculations: Models depend on the specific
scenario, such as what is being irradiated where and whether the
system was opened or closed to other matter. Many irradiation
models need to be examined with the latest cross sections.

Such models should also be used to calculate all other iso-
topic anomalies that would be made by such irradiations. To
make the amounts of Al-26 observed in CAls requires large
amounts to be produced, as stable Al-27 is very abundant. Such
a high fluence of particles would make many other isotopic ef-
fects. For example, there should be much C-13 and N-15 made
from O, or Cr from Fe. If the amount of stable Be-9 is very low
but the amounts of the target elements for making Be-10 (C or O)
are high, only a low particle fluence is needed and other isotopic
effects would be negligible. Because of the lack of many iso-
topic anomalies, scenarios with only limited production by local
irradiations (e.g., Be-10) and much production by stars (e.g. Al-
26 and Ca-41) [e.g., 3,4] are most plausible.

Acknowledgments: This work supported by NASA’s CCP.

References: [1] Leya I. et al. 2003. Astrophys. J. 594: 605-
616. [2] Gounelle M. et al. 2001. Astrophys. J. 548: 1051-1070.
[3] Marhas K. K. and Goswami J. N. 2004. New Astron. Rev. 48:
139-144. [4] MacPherson, G. J. et al. 2003. Geochim. Cosmo-
chim. Acta 67: 3165-3179. [5] Desch S. J. et al. 2004. Astrophys.
J. 602: 528-542. [6] Diehl R. et al. 2004. New Astron. Rev. 48:
81-86. [7] Lukasiak A. et al. 1994. Astrophys. J. 423: 426-431.
[8] Ho G. C. et al. 2005. Astrophys. J. 621: L141-1L.144.
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USING LIGHT LITHOPHILE ELEMENTS TO
EVALUATE CRUSTAL ASSIMILATION ON MARS. V. S.
Reynolds', J. G. Ryan?, W. F. McDonough®, and H. Y.
McSween, Jr.l. lDepartment of Earth and Planetary Sciences,
University of Tennessee, Knoxville, TN 37996-1410, USA.
vsreynolds@hotmail.com “Department of Geology, University of
South Florida, Tampa, FL 33620, USA, 3Geochemistry Labora-
tory, Department of Geology, University of Maryland, College
Park, MD 20742, USA

Introduction: Systematic variations in rare earth element
partitioning, oxidation state, and Nd and Sr isotopic ratios sug-
gest basaltic shergottites represent either various degrees of
crustal assimilation or sample a heterogeneous mantle [1-5]. The
apparently oxidized nature of the enriched (i.e. “crust-like”)
component could indicate interaction with an ancient ocean or
other long-lived water source on Mars. On Earth, low-
temperature hydrothermal alteration of oceanic crust results in
elevated concentrations of B and Li, and high &'Li and 3"'B
while Be contents are unaffected [6, 7]. As altered crust is sub-
ducted, dewatering reactions transport fluid-mobile B and Li
from the slab, but leave Be relatively unchanged. The different
partitioning behaviors of these light lithophile elements provide a
means to track the presence of altered oceanic crust or fluids de-
rived from altered oceanic crust in the source regions of subduc-
tion-related lavas. Using a single detector inductively coupled
plasma mass spectrometer (ICP-MS) at the University of Mary-
land, we analyzed whole-rock Li and Be concentrations in six
Martian meteorites (Shergotty, Zagami, Los Angeles, EETA
79001, Dhofar 019, and Chassigny) to evaluate whether the
“crust-like” component in the basaltic shergottites experienced
low-temperature hydrothermal alteration.

Results: A positive correlation between Li and Be in most
meteorites suggests these elements behave incompatibly and pre-
serve igneous conditions. Dhofar 019 has an unusually high Li
content, possibly due to terrestrial weathering. When compared
to €Nd, Li and Be in Zagami, Shergotty, Los Angeles, and
EETA 79001 display similar trends as €1*Nd vs. La/Yb, fO,, and
875r/%8sr, suggesting the “crust-like” component is enriched in
these elements. Li and Be values for Chassigny plot opposite the
oxidized meteorites, apparently representing mantle Li and Be
compositions. A strong correlation is not observed between Li or
Be and 30 [8], suggesting the “crust-like” component was not
altered at low temperatures. Whole rock Li data contrast with in
situ pyroxene data by [9, 10] who concluded lower Li and B con-
tents in pyroxene rims vs. cores suggests Li and B were lost dur-
ing magma degassing.

References: [1] Herd C.D.K. et al. (2002) Geochimica Cos-
mochimica Acta 66, 2025-2036. [2] Jones J.H. (1989) Proceed-
ings Lunar Planetary Science IXX, 465-474. [3] Longhi J. (1991)
Proceedings Lunar Planetary Science XXI, 695-709. [4] Wad-
hwa M. (2001) Science 291, 1527-1530. [5] Borg L.E. (2002)
Workshop on Unmixing the SNCs #6004. [6] Seyfried et al.
(1983) Geochimica Cosmochimica Acta 48, 557-569. [7] Brenan
et al. (1998) Geochimica Cosmochimica Acta 62, 3337-3347. [8]
Franchi L.A. et al. (1999) Meteoritics & Planetary Science, 34,
657-661. [9] Lentz R.C.F. et al. (2001) Geochimica Cosmo-
chimica Acta 65, 4551-4565. [10] Herd C.D.K. et al. (2005) Geo-
chimica Cosmochimica Acta 69, 2431-2440.
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THE CONTRIBUTION OF LUNAR METEORITES TO
OUR UNDERSTANDING OF THE MOON. K. Righterl.
Mailcode KT, NASA Johnson Space Center, 2101 NASA Park-
way, Houston, TX 77058; kevin.righter-1@nasa.gov

Introduction: The discovery of a meteorite from the Moon
in 1982 sparked interest in samples from regions on the Moon
that were not sampled by the Apollo or Luna missions. Cur-
rently, there are 37 recognized lunar meteorites in world collec-
tions, comprising 26.4 kg, and representing many unique sites on
the Moon [1] (some of the 37 are launch paired).

Apollo-era paradigms: Intensive study of the Apollo and
Luna sample collections has created a detailed history of the
Moon with several specific highlights [2]: development of an
early feldspathic crust that floated on a lunar magma ocean
(LMO), basaltic magmatism that lasted from 4.4 to 2.7 Ga, bi-
modal high and low Ti volcanism, an incompatible element en-
riched residual liquid from crystallization of the LMO (KREEP),
and a spike in the impact flux at 3.9 Ga.

Lunar meteorites as a test of the paradigms: Lunar mete-
orites have provided a wealth of new information, requiring revi-
sion to some specific scenarios arising out of studies of the
Apollo sample collection. Studies of feldspathic lunar meteorites
have revealed a rich compositional and petrologic diversity that
is inconsistent with a simple picture of a flotation crust of ferroan
anorthosite [3]. On the other hand feldspathic clasts from high-
lands breccias yield Sr and Nd isochrons of 4.4 Ga, providing
evidence for an ancient LMO [4]. Evolved and young low Ti
basalts provide evidence that the Moon maintained widespread
active magmatism up to ~2.9 Ga [5,6]. Impact melt clasts from
meteoritic breccias have yielded ages that do not confirm or dis-
prove the lunar cataclysm hypothesis, pushing the resolution of
this controversial topic to future sample return missions [7].
New high-resolution dating techniques have led to impact ages
different from the cataclysmic spike at 3.85 Ga [8]. The idea that
KREEP existing only in the early Moon (3.8 to 4.6 Ga) has been
challenged by evidence from a new lunar gabbro with a 2.9 Ga
age and KREEP connections [9].

Conclusions and future: Lunar meteorites have provided the
opportunity to test models for the origin and evolution of the
Moon, which were based largely on Apollo samples. In a few
cases, models have survived intact, but in most cases, new data
from meteorites have required revision. The random sampling of
the surface represented in the meteorite collection has great po-
tential in making the connection between sample suites and
global lunar imaging efforts, and studies of terranes [10,11].
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AUSTRALASIAN TEKTITES AND ATOMIC BOMB GLASS:
CLOSE SIMILARITY IN THEIR SHAPE PERCENTAGES.

M. C. L. Rocca , Mendoza 2779-16A, Ciudad de Buenos Aires,
Argentina, (1428DKU), maxrocca@hotmail.com.

Introduction: Tektites are small greenish to jet black glass
bodies found in large but limited areas, or strewn fields, on the sur-
face of Earth. So far, tektites occur in 4 different strewn fields:
North America ( Age : 35 Ma ), Europe ( 15 Ma ), lvory Coast ( 1.1
Ma ) and Australasia ( 0.8 Ma).

Tektites are subdivided in 4 groups: 1) normal or splash-form
(showing sizes from half a centimeter up to 25 cm.), 2) aerodynami-
cally shaped , 3) layered or Muong Nong (irregular chunks of glass
up to 28 kilograms in weight) and 4) microtektites (always smaller
than a few millimeters).

Splash-form tektites are best known from the Australasian
strewn field and they come in a wide variety of different forms:
spheres, ellipsoids, droplets, teardrops, dumbbells, etc. The largest
known splash-form tektite is a 1.07 Kg. sphere found in Coco
Grove, Luzon, Philippines.

Tektites are most probably distant ejecta produced in meteorite
impact events. In this hypothesis, tektites are formed by melt
splashed by impacts and their size and shape are controlled by sur-
face tension as bodies in rotation. The shapes of splash-form tektites
result from the solidification of rotating liquids in the upper terres-
trial atmosphere.

Glass produced in atomic bomb tests shares most of the charac-
teristics of tektites, e.g.: color and transparency, shapes, petro-
graphies (e.g.: quartz , lechatelierite and cristobalite inclusions),
Ferrous to Ferric Iron ratios and a very low water content.

Here | present numbers showing close similarity between the
published percentages of their forms.

Reported australasian splash-form tektites shape percentages
are the following: Spheres 70-60%, Ellipsoids 25%, Dumbbells 8%
and Teardrops 4%. [1].

Published microtektite shape percentages from 2 cores col-
lected from the South China Sea are the following:

Core MD 972142: Spheres 66%, Flat ellipsoids 7%, Strongly
elongated 5% , Droplets 17% and Irregular forms 11%.

Core MD 972143: Spheres 62%, Flat ellipsoids 9%, Strongly
elongated 7%, Droplets 10% and Irregular forms 17%.[2]

These numbers are very close to the shape percentages reported
from atomic bomb glass produced in a Yucca Flat, Nevada, test:

Spheres 60%, Elongated forms, including teardrops 16%, Ir-
regular forms 24%.[3]

More than half of the bodies ejected in both processes are
spheres.

Most probably, this similarity in their shape’s percentage num-
bers is related to the similarities in the launch and solidification
mechanisms: e.g.: Tektite launch mechanism seems to be entrain-
ment in impact-produced plumes of gas, similar in structure to the
plumes produced by the tests of thermonuclear weapons.
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BAJO HONDO, CHUBUT, PATAGONIA, ARGENTINA: A
NEW METEORITE IMPACT CRATER IN BASALT?

M. C. L. Rocca , Mendoza 2779-16A, Ciudad de Buenos Aires,
Argentina, (1428DKU), maxrocca@hotmail.com.

Introduction: Bajo Hondo is a very puzzling crater in Chubut
Province, Patagonia, Argentina, ( S 42°15* W 67° 55’).Diameter:
4.8 kilometers. This crater is in fact very similar to Barringer’s cra-
ter, USA, but of a much more gigantic size. Bajo Hondo has a 100
to 150 meters raised rim. In the aerial photos there are also visible
some 50-60 meters wide boulders resting on the crater’s rim. Bajo
Hondo is located in the Somuncura plateau, 10 km. SE to the Sierra
deTalagapa stratovolcano. The Sierra de Talagapa, which is part of
the Somuncura plateau, consists of a large 25 x 10 kilometer strato-
volcano.The large Talagapa volcanic center was active during late
Oligocene-Miocene times erupting both pyroclastic ignimbritic
flows and basaltic lava flows [1]. Bajo Hondo has been interpreted
as a collapsed basaltic caldera [1,2]. Close examination of satellite
images (LANDSAT, X-SAR ), aerial photographs, its published
geologic map and a review of the geological characteristics of Bajo
Hondo reveals flaws in the volcanic caldera interpretation. The lava
in the surrounding plateaux was no doubt erupted from Sierra de
Talagapa volcano during the Oligocene-Miocene.The crater is lo-
cated on those older lava floods.The association of some lava floods
to Bajo Hondo is quite doubtful. Probably the reported ones[2] were
erupted by Sierra de Talagapa and not by Bajo Hondo itself. A re-
ported “pyroclastic cone” located in the inner Western rim of Bajo
Hondo [2] was probably erupted by Talagapa and now it is just an
eroded and collapsed part of Bajo Hondo’s rim. There is also good
evidence of uplifted strata exposed in the inner rims of Bajo Hondo.
Uplifted Talagapa’s basaltic rock strata were probably misinter-
preted as “vertical or almost vertical basaltic dykes located in the
inner rims of Bajo Hondo” by the volcanologists [2]. Rocks ex-
posed on Bajo Hondo’s rims are clearly pyroclastic:1) Lapilly—like
basaltic breccia enclosing irregular clasts and blocks up to 3 meters
in diameter. 2) A great abundance of 13 to 7 centimeter wide brown-
redish scoriaceous bombs showing aerodynamic shapes and defor-
mation. The peculiar shape of those glass bomb bodies prove that
whilst still in a viscous state they must have flown through the air
i.e. were ballisticaly transported. The same type of rocks are present
in Lonar Lake’s crater rim, a well confirmed impact crater in basalt
in India [3].

Bajo Hondo could be a gigantic maar [4]. Comparing aerial
photos of both Bajo Hondo and several maars shows that they are
very different both in their shape and rim’s characteristics. The
hypothesis of Bajo Hondo as a maar can not be completelly rejected
at the present stage of investigation but so far it seems to be quite
unlikely. Bajo Hondo is probably too big to be a Maar.

If Bajo Hondo is in fact a maar then it would be the largest
maar in the World. The author believes Bajo Hondo is in fact a mis-
interpreted gigantic simple-type impact crater located on a volcanic
plateau. Lonar Lake impact crater was misinterpreted as a volcanic
caldera for many decades [3 ].The age of Bajo Hondo crater is esti-
mated in less than 10 Ma. Further investigation of this interesting
crater is in progress.
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LA CRIOLLA METEORITE SHOWER, ENTRE RIOS,
ARGENTINA: METEOROID’S HELIOCENTRIC ORBIT.

M. C. L. Rocca , Mendoza 2779-16A, Ciudad de Buenos Aires,
Argentina, (1428DKU), maxrocca@hotmail.com.

Introduction: Asteroids and meteoroids in Earth crossing or-
bits are classified depending on their heliocentric orbits in 2 groups:
Apollos and Atens.

Apollos have Mean Distances to the Sun greater than 1.0 As-
tronomical Unit ( 1 A.U. = 149,600,000 Km ) and Perihelion dis-
tances smaller than 1.017 A.U..

Atens have Mean Distances smaller than 1.0 A.U. and Aphe-
lion distances greater than 0.983 A.U..

When they are located at 1.0 A.U. of the Sun, meteoroids in
Apollo-type Earth crossing orbits have heliocentric velocities always
greater than Earth’s orbital velocity ( 29.9 Km/sec. ).Asteroid frag-
ments encounter Earth at different speeds depending upon their di-
rection of travel with respect to Earth, that is, either a prograde or
retrograde direction of motion with respect to Earth’s counterclock-
wise direction of orbital motion around the Sun.

Depending upon the direction they are traveling meteoroid’s
geocentric velocities can vary enormously.

If the fragments are traveling in the same direction of the
Earth’s motion then they must catch up our planet to enter into the
atmosphere and make an impact. Thus their heliocentric velocities
must be greater than Earth’s 29.9 Km/sec. when at 1.0 A.U. of the
Sun.

This occurs mainly at any time between noon and midnight and
specially at 6.00 hours p.m. every day.

La Criolla L5 Ordinary Chondrite meteorite shower fell on Jan.
6, 1985 at 18.15 Hs local at Estacion La Criolla , Entre Rios Prov-
ince, Argentina ( S 31° 14°, W 58° 10’). Many thousands of meteor-
ite specimens survived the fireball and hit the ground in a dispersion
ellipse of 10 x 7 Km. Total mass recovered was about 50 Kg.

The author has performed a model of this event.

Original meteoroid’s pre-atmospheric total mass was about 1
Ton. and it was orbiting the Sun in a prograde orbit.

Earth passed Perihelion on January 3, 1985.

In the case of La Criolla both the date and the hour of its fall
are exactly those ones that the meteoroid encounters Earth when our
planet velocity’s vector is pointing towards the opposite direction.

So the La Criolla meteoroid encountered Earth exactly in the
opposite direction of a head on collision ( it was a ‘rear collision’)
and must have caught up it to enter into the atmosphere.

As consequence, the heliocentric orbital velocity of the La
Criolla meteoroid must have been greater than 29.9 km/sec. at that
date and orbital position ( about 0.98 A.U. of the Sun).

No Aten-type heliocentric orbit can full match this velocity
data in any way.

So, it must be concluded that the heliocentric orbit of the La
Criolla meteoroid was of the Apollo-type.

Thus, La Criolla’s meteorites are in fact fragments of an
Apollo-type asteroid.
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THE ARAGUAINHA IMPACT STRUCTURE, CENTRAL
BRAZIL: A PERFECT EXAMPLE TO STUDY COLLAPSE
OF LARGE COMPLEX IMPACT CRATERS. R. Romano?,
W. U. Reimold?® and C. Lana®. 'Dept. of Geology, UFOP, Brazil.
romano@opala.degeo.ufop.br. 2 ICRG, School of Geosciences,
Univ. of the Witwatersrand, Johannesburg, SA. 3Dept. of Earth
Science and Eng., Imperial College London, UK.

Introduction: The 40-km-wide Araguainha impact crater
(16°49°S/52°59°W) is the largest and one of the best exposed
complex crater in South America. This crater was excavated in
horizontally lying sediments of the Parana Basin, Central Brazil,
at approximately 245 Ma ago [1]. The target rocks comprise
sequences of Permian to Devonian sediments and underlying
crystalline basement rocks of Precambrian to Ordovician age [2].
This study presents results of structural observations along the
main gravel road and along the Araguaia River. Both, the gravel
road and the Araguaia River, crosscut the entire structure from
NE to SW.

Structural Features: The outer 5 km of the Araguainha
structure, including its crater rim, is characterized by radial and
concentric normal fault zones. These faults bound several
kilometer-scale blocks of the Upper Permian sediments (the
Passa Dois Group). Bedding orientations of these sediments are
generally (sub)horizontal. On a local scale, however, the bedding
orientation is significantly steep. Folds in the outer 5 km of the
structure are restricted to the upper 200 meters of sedimentary
strata (the Passa Dois Group). These folds are strongly
asymmetric, with NW-SE trending hinges. In contrast, the lower
sedimentary strata (Tubarao Group) were not folded and
remained relatively undeformed in the outer 5 km of the crater.
Bedding orientation may change from horizontal to gently
folded, with fold planes trending toward the center.

The annular trough is characterized by large scale folds. Two
types of folding were observed: one dipping inward and outward
with axes around NW-SE, and a second type of radial folding
with fold axes around NE-SW. We interpret the geometry of
these folds as a result of lateral constriction of the sediments
during the inward horizontal movement.

In the central uplift, sandstones of the Tubarao Group show
steep inward and outward dipping bedding orientations. The
Devonian shales and siltstones of the Parana Group are intensely
folded (kinked), with dips ranging from N to S and from E to W,
respectively. The geometry of these folds suggests a horizontal
component of movement that might have been parallel to the
main inward/outward (centrifugal) compression, accompanied by
lateral constriction of the strata.

Conclusions: Structural features observed at the present level
of erosion at Araguainha are all consistent with the inward
movement of the target rocks during gravity-driven cavity
collapse of its transient cavity. Folding intensity increases toward
the center. The geometry of these folds is in agreement with
inward and upward movement of the target rocks and they reflect
processes that were achieved by a substantial amount of
horizontal constriction of the target rocks.

References: [1] Harmmerschmidt K. and Engelhardt W.,
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DIAMONDS IN CARBON SPHERULES — EVIDENCE
FOR A COSMIC IMPACT? W. Résler', V. Hoffmann, B.
Raeymaekers?, D. Schryvers®, and J. Popp”. lInstitute of Geo-
science, University of Tlbingen, Sigwartstr. 10, D-72076 Tubin-
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Introduction: On Earth, elemental carbon is produced as re-
sult of a variety of biogenic or pyrogenic processes, usually lead-
ing to graphitic forms of carbon. Extraterrestrial C may survive
atmospheric entry [1-2] and the occurrence of high pressure/high
temperature polymorphs, such as diamonds or fullerene-like
forms of C may be indicative for impact events [3-5]. Here we
report the finding of a new type of spherule-shaped, mm-sized,
carbonaceous particles in soils, wide-spread over Europe, with
stunning microscopic features and amazing physical properties.

Analytical methods: The particles were characterized using
optical and electron microscopy techniques, such as SEM/EDX,
TEM, HRTEM, SAED, and EELS. Raman, Infrared, and XRD
spectra were obtained, magnetic and electric properties were
studied using various techniques.

Preliminary results: Optical microscopy and SEM/EDX re-
veal mainly cenospheres exhibiting foam-, sponge-, or cell-like
internal structures with cell sizes of a few micron. Elemental
compositions show a high portion of C but also considerable
amounts of O. The matrix of the spherules consists of amorphous
carbon, with nanometer-sized monocrystalline or polycrystalline
diamonds embedded. In one specimen, micrometer-sized, flake-
shaped diamonds could be identified inside the cell-like struc-
tures. Raman data indicate fullerene-like structures in most spec-
tra whereas the sharp diamond band could be identified in only
one spectrum. The particles exhibit a wide range of magnetic
properties, from diamagnetic to ferromagnetic; all are poor elec-
tric conductors with strongly dielectric behavior.

This type of particles is not known from anthropogenic or
biogenic sources, the physical properties resemble those of novel
technogenic carbon materials. The occurrence is independent
from geology and points to a regional high energy process which
is necessary for formation of the observed diamond phases.
Moreover, the first find of such particles was made in context
with small scale crater-like structures with thermally severely
altered rocks [6].

Hypothesis: We favor an impact related origin of the parti-
cles with a cosmic carbon source. Formation of the carbon spher-
ules from impactor material by ablation and vapor re-
condensation or by formation of elemental C through the Boudu-
ard reaction in the shock front of a bolide are possible. If our pre-
liminary results can be confirmed, they may be the first observa-
tion of significant carbon delivery to Earth with far reaching im-
plications on many fields of science.

References: [1] D. E. Brownlee et al. 2002, Abstract #1786.
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103. [4] V. L. Masaitis 1998. Meteoritics &Planetary Science 33:
349-359. [5] P. R. Buseck 2002. Earth & Planetary Science Let-
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AN SEM-BASED CATHODOLUMINESCENCE STUDY OF
MESOSTASIS IN  THE NAKHLITES NAKHLA,
LAFAYETTE, AND MIL03346. D. Rost and E. P. Vicenzi.
Smithsonian Institution, Department of Mineral Sciences, Wash-
ington, D.C. 20560, USA. E-mail: rostd@si.edu.

Introduction: Nakhlites contain secondary minerals com-
monly interpreted as resulting from preterrestrial alteration proc-
esses [1] and/or caused by an evaporation event [2]. Late crystal-
lizing minerals in the mesostasis (e.g. feldspars) with their high
surface/volume, should be especially susceptible to alteration
processes. Poorly crystalline phases that comprise “iddingsite”
can be seen as reddish-brown stains associated with the mesosta-
sis. These areas mark incipient alteration relative to the better
developed secondary mineral veinlets described in olivine
phenocrysts [1,3]. This study aims to further characterize the ini-
tial stages of secondary mineral formation in the mesostasis. Dis-
solution processes are also of interest as they contribute signifi-
cantly to the chemistry of the putative percolating fluids [3,4].

Application of cathodoluminescence (CL) imaging and spec-
troscopy is particularly beneficial for the study of mesostasis
minerals as much of the volume is occupied by luminescent
phases. CL spectral features are the result of minor and trace
element substitutions and/or structural defects. Thus, imaging the
distribution of such features may shed light on the nature of
aqueous processes in the shallow Martian crust.

Methods: CL data was obtained by using a Gatan
MonoCL3+/XiCLone imaging spectrometer mounted on a JEOL
840a SEM. Phase identification was achieved by EDX imaging
of major elements. In addition, EMPA and ToF-SIMS analyses
provide tests for minor and trace element correlations with CL.

Initial results: Apatite grains are moderate-highly CL lumi-
nescent. Further examination is necessary to determine whether
the range of CL behavior in phosphates can be ascribed to both
primary (high T) and secondary (low T) mechanisms. Feldspars
show an even wider range in luminescence. The scale of CL het-
erogeneity is evident at both the sub mm-scale (intergrain) within
a given mesostasis area and sub pm-scale (intragrain) and is
highly correlated with K. Correlated trace element enrichments in
alkali feldspars may be responsible for the luminescence. As ex-
pected, the Fe-rich minerals that comprise the bulk of nakhlites
(clinopyroxene, orthopyroxene, and olivine) show no discernable
CL contrast. All CL characteristics observed to date are consis-
tent with end-stage solidification of nakhlite melts.
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Fig. 1. BSE image (left) and panchromatic CL image (right) of
Lafayette mesostasis.
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Insoluble Organic Matter (IOM) in CV and CO carbonaceous
chondrites is polyaromatic. Its degree of structural order is con-
trolled by thermal metamorphism on the parent body [1,2]. High
Resolution Transmission Electron Microscopy (HRTEM) is a
powerful tool which makes possible the imaging of the aromatic
layers. The multiscale organization can be directly imaged over 3
orders of magnitude (um-nm). The structure is the order at the
atomic scale within polyaromatic layers, single or stacked,
whereas the microtexture corresponds to the spatial orientation of
these layers. Based on the knowledge of terrestrial natural or an-
thropic carbons, the structure appears to be mainly governed by
the temperature, whereas the microtexture (which cannot be as-
sessed by Raman spectroscopy) is the fingerprint of the chemical
nature of the precursor and of the metamorphic conditions, such
as pressure [3]. HRTEM image analysis also provides quantita-
tive structural information, thanks to a numerical data treatment
[4].

In this study, we have investigated a series of IOM samples
extracted from CV and CO chondrites by HRTEM and Raman
spectroscopy. The maturation grade of each raw sample have
been previously accurately established [1,2]. The HRTEM analy-
sis are consistent with earlier works (e.g. [5]). Correlated with the
degree of thermal metamorphism experienced by each object, our
results show that both structure and microtexture are controlled
by thermal metamorphism. The interlayer distance decreases
with the metamorphic grade, whereas the layer length and the
number of stacked layers increase.

No “onion-like” or “giant fullerenes” features have been ob-
served in the less metamorphized objects (e.g. Kaba CV3), unlike
in Allende. These features are formed by thermal metamorphism
on the parent body. Consequently, the statement that such fea-
tures may be the source of the so-called “Q-phase” in these ob-
jects [5] should be ruled out. The porous microtexture of the ma-
terial suggests a metamorphic process in low pressure conditions,
but no quantitative information can be yet obtained.
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