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Ritmo de caídas de meteoritos en los últimos 2.500 años: ¿hay periodicidad?. Los registros de caídas de meteoritos de los que se dispone la fecha de ocurrencia del fenómeno no son todo lo abundantes que se desearía para realizar un estudio de frecuencias y posibles periodicidades. Los datos, por el contrario, son escasos y se encuentran muy distribuidos, aunque son mucho más numerosos en épocas recientes que las pasadas, y conforme vamos retrocediendo en el tiempo se dispone de menos referencias. Desde hace décadas se conocían sólo las caídas producidas en la parte del planeta que recogían las noticias hsitóricas en los países europeos primero y norteamericanos después, pero su límite no traspasa la Edad Media. Recientemente se han añadido a estos los datos obtenidos de los registros de caídas en China, que amplian el tiempo de estos sucesos registrados con la fecha de caída hasta los años cercanos a los 500 a.C. En base a todos estos datos se presentará un análisis general que muestra cual ha sido el ritmo global de caídas y una propuesta de posible periodicidad temporal para todas ellas. 

Agustín Fernández-Chicarro

THE MARS EXPRESS MISSION AND ASTROBIOLOGY

A.F. Chicarro, European Space Agency, Space Science Department, ESTEC/Code SCI-SB, Postbus 299, 

2200 AG Noordwijk, The Netherlands (email: agustin.chicarro@esa.int).
The European Space Agency and the scientific community have performed concept and feasibility studies for more than ten years on potential future European missions to the red planet (Marsnet, Intermarsnet), focusing on a network of surface stations complemented by an orbiter, a concept which is being implemented by the CNES-led Netlander mission to be launched in 2005. Before that, however, the ESA Mars Express mission includes an orbiter spacecraft and a small lander module named Beagle-2 in remembrance of Darwin’s ship Beagle. The mission, to be launched in 2003 by a Russian Soyuz rocket, will recover some of the lost scientific objectives of both the Russian Mars-96 mission and the ESA Intermarsnet study, following the recommendations of the International Mars Exploration Working Group (IMEWG) after the failure of Mars-96, and also the endorsement of ESA's  Advisory Bodies that Mars Express be included in the Science Programme of the Agency.

The specific scientific objectives of the Mars Express orbiter are: global high-resolution imaging with 10 m resolution and imaging of selected areas at 2 m/pixel, global IR mineralogical mapping, global atmospheric circulation study and mapping of the atmospheric composition, sounding of the subsurface structure down to the permafrost, study of the interaction of the atmosphere with the surface and with the interplanetary medium as well as radio science. The goals of the Beagle-2 lander are: geology, geochemistry, meteorology and exobiology of the landing site.

The scientific payload on the Mars Express orbiter includes a Super/High-Resolution Stereo Colour Imager (HRSC), an IR Mineralogical Mapping Spectrometer (OMEGA), a Planetary Fourier Spectrometer (PFS), a Subsurface-Sounding Radar Altimeter (MARSIS), an Energetic Neutral Atoms Analyser (ASPERA), an UV and IR Atmospheric Spectrometer (SPICAM) and a Radio Science Experiment (MaRS). The Beagle-2 lander includes a suite of imaging instruments, organic and inorganic chemical analysis, robotic sampling devices and meteorological sensors (see Table 1).

The Mars Express mission will address the issue of astrobiology on Mars both directly and indirectly. The majority of instruments on the orbiter will look for indications of favourable conditions to the existence of life, either at present or during the planet’s past, and in particular for traces of liquid, solid or gaseous water. Therefore, the HRSC camera will take pictures of ancient riverbeds, the OMEGA spectrometer will look for minerals with OH- radicals formed in the presence of water, the MARSIS radar will look for subsurface ice and liquid water, the PFS and SPICAM spectrometers will analyse water vapour in the atmosphere, and finally ASPERA and MaRS will study neutral atom escape from the atmosphere, in particular O2 coming from water and carbonates. The instruments on Beagle-2 will also look for the presence of water in the soil, rocks and the atmosphere, but will also try to find traces of life with direct measurements, such as presence of methane (CH4) indicative of extanct life and a larger amount of the light C12 isotope compared to the heavier C13, which would even indicate the existence of extinct life. Since NASA’s Viking mission in 1976, it is the first time that the exhaustive search for life is so central to a space mission to Mars.

Current design estimates allow for an orbiter scientific payload of about 110 kg and 65 kg total lander mass (at launch) compatible with the approved mission scenario. The Beagle-2 lander was selected due to its innovative scientific goals and challenging payload. Beagle-2 will deploy a sophisticated robotic-sampling arm, which could manipulate different types of tools and retrieve samples to be analyzed by the geochemical instruments mounted on the lander platform. One of the tools to be deployed by the arm is a ‘mole’ capable of subsurface sampling to reach soil unaffected by solar-UV radiation, another is a corer/grinder to reach the rock under the weathering varnish.

A Soyuz-Fregat launcher will inject a total of about 1200 kg into Mars transfer orbit in early June 2003, which is the most favorable launch opportunity to Mars in terms of mass in the foreseeable future. The Mars Express orbiter is 3-axis stabilized and will be placed in an elliptical martian orbit (250 ( 10142 km) of 86.35 degrees inclination and 6.75 hours period, which has been optimized for communications with Beagle-2, the Netlanders, as well as NASA landers or rovers to be launched both in 2003 and 2005. The Beagle-2 lander module will be independently targeted from separate arriving hyperbolic trajectory, enter and descend through the martian atmosphere in about 5 min, and land with an impact velocity <40 m/sec and an error landing ellipse of 100 ( 20 km. A preliminary Beagle-2 landing site has been selected in the Isidis Planitia area (10.6° N, 270° W). The nominal mission lifetime of one martian year (687 days) for the orbiter investigations will be extended by another martian year for lander relay communications and to complete global coverage. The Beagle-2 lander lifetime will be of a few months.

ESA provides the launcher, the orbiter and the operations, while the Beagle-2 lander is delivered by an UK-led consortium of space organizations. The orbiter instruments are provided by scientific institutions through their own funding. In addition to relaying the data from the Beagle-2 lander to Earth, Mars Express will also service landers and rovers from other agencies during its nominal/extended lifetime. The ground segment includes the ESA station at Perth, Australia, and the mission operations centre at ESOC. The Mars Express mission is now in Phase-C/D, with Astrium (formerly Matra Marconi Space) in Toulouse, France, as its Prime Contractor and involving a large number of European companies.

International collaboration, either through the participation in instrument hardware or through scientific data analysis is very much valued to diversify the scope and enhance the scientific return of the mission, such as NASA’s major contribution to the subsurface-sounding radar, and the use of its DSN for increased science data downloading and critical manoeuvres. Also, arriving at Mars at the very end of 2003, Mars Express will be followed by the Japanese Nozomi spacecraft a few days later. Both missions are highly complementary in terms of orbits and scientific investigations; Nozomi focusing on the study of the upper atmosphere of Mars as well as the interaction of the solar wind with the ionosphere from a highly elliptic equatorial orbit. Close cooperation, including scientific data exchange and analysis, is foreseen by the Nozomi and Mars Express teams within a joint ESA-ISAS programme of Mars exploration.

For more details on the Mars Express mission and its Beagle –2 lander:

 http://sci.esa.int/marsexpress/ and http://www.beagle2.com/
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Orbiter

HRSC
Super/High-Resolution Stereo Colour Imager
G. Neukum
D, F, RU, US, FI, I, UK

OMEGA
IR Mineralogical

Mapping Spectrometer
J.P. Bibring
F, I, RU

PFS
Atmospheric Fourier 

Spectrometer
V. Formisano
I, RU, PL, D, F, E, US

MARSIS
Subsurface-Sounding 

Radar/Altimeter
G. Picardi 

& J. Plaut
I, US, D, CH, UK,DK

ASPERA
Energetic Neutral Atoms 

Analyzer
R. Lundin &

S. Barabash
S, D, UK, F, FI, I, US, RU

SPICAM
UV and IR Atmospheric 

Spectrometer
J.L. Bertaux
F, B, RU, US

MaRS
Radio Science Experiment
M. Paetzold
D, F, US, A

Lander

BEAGLE-2
Suite of imaging instruments, organic and inorganic chemical analysis, robotic sampling devices and meteo sensors
C. Pillinger &

M. Sims
UK, D, F, HK, CH
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Can the Period of  Lunar Mare Volcanism Be Extended? 

Recent age determination of lunar meteorite Northwest Africa 032

(NWA032) and of basaltic samples collected by the Luna 24 mission

samples have extended the period of lunar volcanism from ~650 Ma to ~

1000 Ma.  NWA032 was extruded at ~2.8 Ga, making it one of the

youngest lunar basalts ever analysed.  Mare lava extrusions within the

Mare Crisium may have occurred for a period of at least ~800 Ma.  The

continued use of lunar meteorites found on Earth deserts (e.g. Sahara

and Antarctica) has the potential of giving new (and possibly

improved) insights of the lunar bulk chemistry and ages of volcanism

on the Moon as well as the extent of bombardment of the lunar surface.

 Despite the unknown provenance of this type of sample, they have

shown to be an important complement to the samples collected by the

Apollo and Luna missions and impose less sampling bias.

Causes, processes and consequences of tsunamis. 

Studies on the AD 1755 Tsunami (Lisbon).

Costa P.*, Leroy S.*, Dinis J.**

*Department of Geography and Earth Sciences, Brunel University,

Uxbridge, UB8 3PH, Middlesex, United Kingdom                                                                        ** Departamento de Ciencias da Terra, Universidade de Coimbra,

Largo Marques de Pombal 3000-272 Portugal

A tsunami is an oceanic gravity wave generated by earthquakes, volcanoes, landslides and meteorite impact. A phenomenon like a tsunami can provoke vast destruction in coastal areas owing to the height of the wave and its speed. 

Historically, Portugal and Spain, being countries intimately related to the sea, have always had concerns with natural hazards in their coastal areas. However the study of tsunamis in Iberia is relatively recent. The most important event, in the last 500 years, for the Iberian Atlantic coast was the AD 1755 tsunami that followed a magnitude 8 earthquake. The historical description and consequences of the AD 1755 tsunami and a brief review of the tsunamis that occurred in the Iberian Peninsula coasts is presented. 

Although not frequent in the Portuguese and Spanish shores, approximately 40 tsunamis have been registered by historical and field survey data in the last 2000 years in the Atlantic and in the Mediterranean coasts of Iberia. The Gorringe Bank (SW of Cape St. Vincent) has been the source of many earthquakes and tsunamis that struck the Iberian Atlantic Coast. It is probably the most important tsunamigenic area in Europe.

Due to their huge power, tsunamis can transport marine organisms and sediments far inland. The study of sediments deposited by past tsunamis in lakes and lagoons provides vital information about potential changes either in the coastal morphology or in the environment of coastal areas.

A series of lakes and coastal lagoons are being studied along the Portuguese coast with the aim of:

- Discovering and studying the 1755 tsunami sediment layer

- Understanding the environmental effects of the 1755 tsunami 

- Detecting major environmental changes in that geographical area, since then.

The sites selected will allow conducting a multiproxy study with a high time resolution. 

The techniques to be used include magnetic susceptibility, sediment visual description, Pb210 and Cs137 dating and a range of sedimentological and palaeoecological proxies with the focus of obtaining well-dated tsunami indicators such as salinity changes, grain size changes, erosive and compaction microstructures. We will also use historical data to collect complementary information about the effects of the tsunami and to reinforce the age-depth model of the sedimentary sequences.

José Fernando Monteiro

IMPACT STUDIES IN PORTUGAL

José F. Monteiro (1), António Ribeiro (2), José Munhá (1)
(1)Departamento e Centro de Geologia. Faculdade de Ciências da Universidade de Lisboa, Edifício C-2, Campo Grande, 1700 Lisboa, Portugal. e-mail: jfmontei@fc.ul.pt

(2) Departamento de Geologia e Lattex. Faculdade de Ciências da Universidade de Lisboa, Edifício C-2, Campo Grande, 1700 Lisboa, Portugal.
In this work we report the state-of-the-art of our studies in impact geology subjects in Portugal, specially in the following items:

1 -The Tore Seamount as a possible megaimpact crater in deep ocean and its possible  inducement of an  ejecta layer near the Cenomanian-Turonian boundary, North of Nazaré and a tsunamic deposit at the same boundary in Nazaré;

2 - The Guarda Circular Structure as a possible complex deeply eroded impact crater in Central Portugal.

1. During the TORE-MADERA mission (IFREMER, September-October, 2001, with the TORE MADERA Group) the data gathered allowed the study of the origin and significance of the Tore Seamount. A few dredges revealed the presence of rocks with a texture suggesting impact melt and impact melt breccias. This interpretation must be confirmed by geochemical and isotopic studies in search for the signatures that will characterize the Tore Seamount as an impact structure. The geophysical data (swath bathymetry, bottom imagery, shallow seismic, magnetics and gravimetry) allowed to establish the following: Tore is defined by a central depression attaining 5.5 Km depth, elongated in the NE-SW direction; an eccentric bulge is imaged by thew seismic lines below the sedimentary cover; an external ring with depts ranging from 2 to 4 Km defines an ellongated elipse in the NNE-SSW direction with major and minor axes 120 and 90 Km length respectively. We interpret these facts as the evidence of an oblique impact from SW to NE , at ± 90 MA, that should also be responsible for the focusing of its effects in the shore: the possible ejecta breccia at 10 Km N of Nazaré. 

The ejecta occurs on top of brecciated limestone of Cenomanian age and consists of polymitic breccia that includes several clasts with diagnostic impact features: glass, microscopic spherules and irregular shard like particles. The main mineralogy of the breccia consists of pyrite, hematite, devitrified glass, quartz and calcite; solid hidrocarbons also occur as surface accumulations and impregantions occupying the pore spaces of the breccia. 

Besides these strucutral and textural features, a geochemical anomaly was detected both in the ejecta and in a green mudstone layer (0 to 50 cm thick) occurring on topo of it; the anomalous elemental concentrations are about 5 to 10 times the average continental crustal abundances and include iridium as well as other PGE.

At Nazaré there is a complete section of Cenomanian-Turonian age. Significantly, a sharp stratigraphic discontinuity is observed at the Cenomanian-Turononian boundary, between highly brecciated (Cenomanian) limestsones and siliciclastic sandstones (Lousões Formation of Turonian age). We propose that the Lousões Formation reflects a series of complex events resulting from tsunamic activity, related to the disruptive impact event at the end of the Cenomanian. Indeed, the sandstones display several characteristics that are typical of tempestite depostis (lamination and parallel laminated sediments, cross bedding, sand with fossil debris and collapsed structures as skin slump blocks).

2. In the central part of Portugal, NE of Guarda, not far from the border with Spain, exists a peculiar circular srtucture, with 35 Km diameter, well evident in the topographic and hydrographic pattern. The structure is centered at ± 40º 37’ N and 7º 6’ W in the Beira Alta province. The anomalous circular area was originally noted on ERST 1 and ERTS 3 satellite images and, latter, a Landsat mosaic in multispectral scanner colour composition of channels 7, 5, 4 (with spatial resolution of 80 m) of Central Portugal shows clearly the circular structure wich resembles a deeply eroded complex multi-ring impact crater (Grieve, pers. inf.).

Geologically, the structure is situated in the Central Iberian Geotectonic Zone of the hercynian orogeny. The country rocks are dominated by different types of alkaline and calc-alcaline hercynian granits and the edge of the structure doesn’t coincide with the granite intrusions. Other less representative formations are present: small gabbroic intrusions from the permo-triassic age, several quartz and basalt-dolerite dykes, very rich in uranium mineralizations.

In the central area of the structure we found a breccia probably associated with the doleritic dykes. The breccia also forms dykes with various thicknesses and irregular atitudes crosscuting the biotitic calc-alkaline granite. The breccia contains several fragments of the country rocks: granites, minerals and fragments of the gabbros and dolerites, as well as slates from the pre-ordovician formations. The matrix is dominated by very fine material of different mineralogical composition, sometimes with glassy texture. It was in several fragments of that breccia that we found planar fractures in some quartz grains.

The granite in the central region of the structure also shows evidence of strong deformation, with monomitic brecciation and traces of decorated planar fractures. No clear PDFs were observed. The quartz grains are intensely fracturated with some rotation and displacement.

PETROGRAPHIC AND CHEMICAL CARACTERIZATION OF DIFFERENT CLAST POPULATIONS OF CHAVES HOWARDITE

José F. Monteiro,  José Munhá 

Departamento e Centro de Geologia. Faculdade de Ciências da Universidade de Lisboa, Edifício C-2, Campo Grande, 1700 Lisboa, Portugal. e-mail: jfmontei@fc.ul.pt

The Chaves meteorite fell on May 3, 1925 in the small village of Vilarelho da Raia, situaded 8 Km North of Chaves town (Portugal) and less than 1 Km with the Spain border. The fall was accompainied by two very strong explosition sounds followed by a noise resembling that of a cannon fire. Three fragments were recovered by the local authorities with a total mass of 2945g.  All stones have a shiny dark brownwish-black crust, which is fissured  and present areas of striated crust. In the broken surfaces, where the samples are void of fusion crust, light to dark gray interior material is exposed. In addition to a light grey groundmass containing angular fragments varying from white to greenish and sometimes grey pyroxenes, the meteorite shows ophitic texture with white plagioclases, which are up to 9 mm long.

In thin section Chaves is a complex breccia with a clear regolithic texture. It consists  mainly of fragments of single minerals, pyroxene (orthopyroxene and pigeonite) and plagioclase, with several pyroxene fragments up to 2 mm. Both the breccia fragments and the groundmass show the effects of strain, being shottered, and showing undulatory extinction. Dark brown glass and devitrified glass are very common and they are intimately associated with cristaline grains of plagioclase and pyroxene. Turbid glass shows sometimes crystalline needles of pyroxene. Microprobe analysis show  that the pyroxenes consists largely of orthopyroxene with lesser amount of pigeonite. Pyroxene have a range composition from Wo2 En78 Fs20 to Wo5 En37 Fs58.. The more magnesian pyroxenes  have low Ca contents but the more Fe-rich varieties range from Wo24 En18  Fs58 to Wo24  En38  Fs38 . Feldspars, generally twinned, range in composition from Or0.6 Ab5,4 An94  to Or0.6 Ab11,4  An88  with more sodic grains in some of the volcanic clasts. Some silica minerals, quartz and tridymite, were observed in thin sections and, during microprobe work, many small intergrowths between plagioclase and pyroxene were found to contain very high silica. Quartz is always associated with pyroxene, recrystallized pyroxene, glass and magnetite. At least 70% of the opaque minerals is troilite, occuring frequently as fine intergrowths with pyroxene. Chromite, ilmenite and some grains of Fe-Ni metal was encountered. No olivine was found.

In this work we separated the two great populations of clasts – eucrite and diogenite – according to classic petrographic observations and chemical characterization of the pyroxenes  by electron microprobe analysis. The same minerals of both clasts are found in the matrix, showing that this meteorite is a typical howardite, resulting from the mechanical mixture of essentially two fractions of a very differentiated parent body – probably the asteroid 4 Vesta. Other type of clasts are not excluded in the study of other thin sections. Attending the next NASA Discovery mission to Vesta, the project Dawn – and the rarity of this type of meteorites- , future studies of this sample are  of great importance. 
THE OURIQUE H4 ORDINARY CHONDRITE

José F. Monteiro,  José Munhá 

Departamento e Centro de Geologia. Faculdade de Ciências da Universidade de Lisboa, Edifício C-2, Campo Grande, 1700 Lisboa, Portugal. e-mail: jfmontei@fc.ul.pt

In spite of one find and eigth described falls of meteorites in Portugal, we only have six portuguese  meteorites available for study. They are: the S. Julião de Moreira IIB octaedrite  (find in 1877); the Olivença LL5 chondrite (some fragments fall in portuguese territory); the Chaves howardite (fall in 3 May 1925); the Monte das Fortes L5 Chondrite (fall in 23 August 1950); the Alandroal III A ataxite (fall in 14 November 1968) and the Ourique H4 Chondrite (fall in 28 December 1998). The other tree meteorites, briefly described in the literature are unknown to the scientific community.

The Ourique meteorite was the last known fall of a meteorite in Portugal and it’s interesting to describe some particularities with this fall: it’s  identification as a stone from the sky by a shepherd man; the lack of legislation about the meteorite falls in Portugal; as well as it’s rapid classification and submission  to The Meteoritical Bulletin. Finally we will look to the interesting aspects for future sudies. 

In the 28 December 1998, at preciselly one clock a.m. the people of Aldeia de Palheiros, Ourique, South of Portugal, awake in a fright, by a very strong noise that resembles “the explosion of a petrol station” according to several witnesses. Several eye-witness saw the fireball and the first explosion at almost the same time the sky turns white and a small explosion was heard. The fire-brigade and the local police search for signs of an artifical explosition or accident, but most of the people thougth that it was the start of a great thunderstorm. The meteorite was found to days after the fall by a local shepherd who was surprised by the new stones in the rural drift-way and the intense sulfur smell. Suddently he associated the stones with  the intense noise two days before, and think that the stones fall from the sky. After that, several people went to the fall place and took severall pieces with them. In the precise point of the fall a small crater (60 x 30 x 15) was formed with an azimute 115º. After the impact, the meteorite was broken in several pieces and the fragments distributed in a conic section with a length of 55 m, where the biggest sample was collect. We estimated a mass of 20-30 Kg for the original rock, but we only recovered 3,5 Kg, including the major fragment (2,6 Kg) that is now at the Museu de História Natural da Universidade de Lisboa.

The meteorite shows a grey to greenish color, with the typical black fusion crust, sometimes brownish and with some vitreous lustre. In the hand sample we can see the chondrules, no bigger than 2 mm, the olivines and the metal alloys. It is possible to see the breccia texture with different clasts. The microscopic study  shows a texture characteristic of group 4 ordinary chondrites. The opaque minerals are essencialy  Fe-Ni and troilite.The chondrules are very frequantly and different types can be found: porphyric encircled by fine-grained rims; granular olivine-pyroxene; radial pyroxene; elipsoidal barred olivine; glassy and polysomatic barred olivine chondrules; and glassy to cryptocristalline chondrules. Some of them are surronded by parcial Fe-Ni rims.

Preliminary studies by electron microprobe show that olivine presents a molar composition of 18% to 19% of faialite and a molar compostion of 16% of ferossilite. This allow us to classify the Ourique meteorite as H 4 ordinary chondrite. Other studies are  under way.

Dextral shear deformation belt on southern margin of Eastern Ovda Regio, Venus: Geodynamic implications.

I. Romeo(1), R. Capote(1) & F. Anguita(2)
(1) ) Facultad de Ciencias Geológicas, Univ. Complutense de Madrid, 28040 Madrid (España). Departamento de Geodinámica. e-mail: iromeobr@geo.ucm.es , capote@geo.ucm.es.

(2) Facultad de Ciencias Geológicas, Univ. Complutense de Madrid, 28040 Madrid (España). 

Departamento de Petrología y Geoquímica. e-mail: anguita@geo.ucm.es.

Crustal plateaus are one of the most important element in Venus surface, and the study of this kind of unit is essential for understanding the geological evolution before the  global resurfacing event.  These regions are flat topped highlands formed of tessera terrain, characterized by superposition of crosscutting  structures (1). There are two principal and opposite hypothesis explaining the crustal plateaus origin. One of them advocates a mantle downwelling process as the driving mechanism, producing regional contractional tectonism  (2), but some other authors point out that crustal plateau formation is controlled by mantle upwelling (hot spot model) (3).  The greatest crustal plateau is Ovda Regio, with three major structures, folds, ribbons and grabens, and a history of contractional and extensional tectonic stages which understanding is highly significant for getting a genetic model. Strike-Slip tectonism has not been described in Ovda Regio, though it has been found in other areas of Aphrodite Terra (4) and Ishtar Terra (5). In this paper we describe a zone with strike-slip faults at Ovda Regio´s southern margin  and discuss its relations with regional tectonism there.

A detailed mapping of southern margin of Ovda Regio, between 78º-86º E longitude and 6º-16º S latitude, based on F-BIDR radar images,  has provided significant relative chronological succession of volcanic and tectonic events. We have found a complex deformation domain formed by two  different elongated belts, trending N100-110º, and surrounding a central zone characterized by cross structures with a basin and dome  structural pattern. The northern internal deformation belt (200 km width) develops a set of en échelon anticlines, with N77 axial trend and 20-120 km wavelength, sometimes associated to probable reverse faults. These folds are crosscut by perpendicular extensional structures that we classified as the so called ribbons (6). The geometrical relationships with folds show that ribbons are probably synchronous with the folds or postdate them. There exists a clear obliquity (30º) between the fold axial traces and the Ovda´s margin,  implicating a transpression distributed dextral shearing, with the regional shortening axis trending N167º and a N57º extensional axis. This shortening orientation is coherent  with both, folds and ribbons and  it is significant that it is perpendicular to Ovda Regio´s northern marginal fold belt, which has been  interpreted as a collisional belt (2-8). The fold and ribbon geometry and kinematics allow to determine the contribution of these structures to the horizontal dextral regional shearing along the internal belt, that has been calculated in a minimum amount of 5-20 km.

The general deformation pattern in the external (southern) belt is also coherent with the same regional strain field but in this case different structures accomplish the dextral shear deformation. In this belt there is a deformation zone, 200-260 km wide, defined by three or four fault-like main structures with very straight traces trending subparallel to the plateau margin and more than 600 km long. Detailed geometry show R and P Riedel-like fractures with an anastomosing structure equivalent to the patterns described in brittle strike-slip faults , both in experimental works and in a number of field examples on the Earth. Completing the structural pattern in this external belt there is a set of en échelon ridges  with sigmoidal geometry and N60-90 dominant direction that can be interpreted as folds with 2-5 km wavelength. This tectonic design represents a shear zone with displacement concentrated along brittle strike-slip faults, and it must be distinguished from the S-C terrains described in Ishtar Terra (5,3) which correspond to a more ductile behavior. Minimum bulk horizontal displacement along this external deformation belt has been estimated from the geometrical relations in almost 12 km. Deformation was developed before and during the global resurfacing event because brittle faults and ridges affect to the volcanic plains.

The structural observations and probable tectonic evolution in these two transpression belts in southern margin of Ovda Regio significantly agree with a stress field transmitted from the advocated collision in the northern margin (2, 8),  whereas contradict in some way the  simple upwelling geodynamic model (6).

(1) Hansen et al. (1999). Geology Dec. p.1070-1074. (2) King et al. (1998). 29th LPSC: 1209. (3) Phillips et al. (1998). Science 279:1492-1497. (4) Davis, A.M. & Ghail, T.H.(1999). 30th LPSC: 1330. (5) Hansen (1992). 23 th LPSC: 478-479. (6) Ghent et al. (1999). Icarus 139: 116-136. (7) Hansen et al. (1996). Icarus123:296-312. (8) Tuckwell et al. (2002) 33 th LPSC: 1566.
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Figure1

Structural schematic map of Ovda´s suthern margin showing dextral shear kinematic evidence. Lines are representational rather than explicit since individual structures are too numerous and small to detail individually.
mineral assemblage and geochemical signature of the el gasco pumice and host rocks (western spain)
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A small outcrop of pumice near the village of El Gasco (northern Cáceres Province, western Spain) overlies Late Proterozoic turbiditic sandstones and shales. Early reference to the site described it as near circular (Ø<50m) and interpreted the pumice as a rare and “autonomous” volcanic rock with no geochemical similarities to other Cenozoic volcanic rocks of the Iberian Peninsula [1]. Provenance analysis of the sandstones reveals a recycled orogen source, but petrology and geochemistry do not indicate any coeval volcanic contribution [2]. Geomorphological relations suggest a Pliocene or younger age for the pumice rock [1,3].


Sandstone petrography consists mostly of quartz, with minor amounts of plagioclase, K-feldspar, muscovite, chlorite and heavy minerals. The pumice is a highly vesiculated glass with variable amounts of angular and fractured monocrystalline quartz grains together with irregularly-shaped sandstone lithic fragments. XRD, SEM-EDS and microprobe analysis revealed an uncommon mineral assemblage for the pumice [3,4]: fractured quartz within a highly heterogeneous glass, and local glass masses with high Si, K and/or Fe, including lechatelierite and diaplectic glass [4]. Ferroan ringwoodite (iron silicate spinel) and hercynite were initially identified by XRD in the pumice rocks [3] and later confirmed by microprobe studies [4]. They are  present as elongated dendrites (rarely >100µm) and short stubby crystals (rarely >10 µm) grouped in clusters. Native iron spheroids, iron oxide crusts and ilmenite have also been identified [3,4]. All these minor phases are most frequently located near vesicle walls. The geochemistry (major, trace and rare earth elements) shows remarkable similarity between the siliciclastic host rock and the pumice. Inter-element ratios of siderophile elements show the same trend. PGEs and Au do not show any significant geochemical anomaly. All these data confirm that the El Gasco pumice originated from partial fusion of the local substrate. The mineral assemblage, and the chemical heterogeneity of the glass, suggest formation of the pumice by chemical differentiation from a siliceous melt during rapid cooling.

[1] García de Figuerola, L.C., 1953. Nota sobre el volcán de El Gasco, Las Hurdes (Cáceres). Estudios             Geológicos, 9: 385-393.
[2] Ugidos, J.M., Armenteros, I., Barba, P., Valladares, M.I., and Colmenero, J.R. 1997. Geochemistry and petrology of recycled orogen-derived sediments: a case study from Upper Precambrian siliciclastic rocks of the Central Iberian Zone, Iberian Massif, Spain. Precambrian Research, 84: 163-180.

[3] Díaz-Martínez, E., Sanz-Rubio, E., Fernández, C., and Martínez-Frías, J., 2001. Evidencia de un pequeño impacto meteorítico en Extremadura: el "volcán" de El Gasco (Las Hurdes). Geogaceta, 30: 47-50.

[4] Glazovskaya, L.I., Díaz-Martínez, E., Feldman, V.I., and Martínez-Frías, J., 2002. Microprobe study of ringwoodite in pumice from Extremadura (W Spain). 8th Workshop of the ESF IMPACT Programme, Mora. Program, Abstracts and Fieldtrip Book, p. 23.

ROLE OF RESONANCES IN THE DYNAMICS OF ASTEROIDS NEAR THE MAIN-BELT OUTER EDGE

R. M. Benito(1), F. Borondo(2) , J. C. Losada(1) & E. Velasco(3)
(1) Departamento de Física y Mecánica, E.T.S.I. Agrónomos, Universidad Politécnica de Madrid, 28040 Madrid (España); e-mail: rbenito@fis.etsia.upm.es

(2) Departamento de Química, Universidad Autónoma de Madrid, 28049 Madrid (España); e-mail: f.borondo@uam.es

(3) Departamento de Física de la Materia Condensada, Universidad Autónoma de Madrid, 28049 Madrid (España); e-mail:  enrique.velasco@uam.es

Main-belt asteroidal dynamics has received much attention recently, not only because of its intrinsic interest as an example of a strongly chaotic situation dominated by resonances1, but also because of its implications on the elucidation of the origin, structure and evolution of the solar system. In this contribution we analyse the trajectories of a test particle initially located near the outer edge of the main asteroid belt within the context of the 3D elliptic restricted three-body problem. Similarly to what was found by Milani et al.2, we find that resonances play an important role in the dynamics of such asteroids, in the sense that diffusion of test particles toward the orbit of Jupiter takes place rather rapidly (a few thousand orbits) in a sequence of events in which the asteroids remain temporarily trapped in the vicinity of resonant regions. This dynamics is best understood in the context of phase space using the ideas of nonlinear dynamics or chaos theory3, where the celebrated Kolmogorov-Arnold-Moser (KAM) theorem plays a key role in the understanding of the destruction of regular quasiperiodic orbits as the jovian perturbation is introduced. The KAM theorem establishes that although many trajectories become chaotic, others are only simply perturbed, this effect imposing a structure that governs the global diffusion of trajectories in phase space. In this sense, two-dimensional systems can be adequately explored using Poincaré surfaces of section, a tool that maps high-dimensional trajectories into two dimensional plots. In systems with three or more degrees of freedom this procedure becomes impractical, and a feasible alternative, based on the computation of the main frequencies of the system,  has been recently proposed by Laskar4 in his study of the stability of the solar system. In the present work we apply Laskar’s frequency map analysis to study the phase space structure controlling the dynamics in the outer edge of the main asteroid belt.

1 S. Ferraz-Mello, Celest. Mech. Dyn. Astron. 73, 25 (1999).

2 A. Milani, M. Carpino, G. Hahn y A. M. Nobili, Icarus 78, 212 (1989).

3 A.J. Lichtenberg and M.A. Lieberman, Regular and Stochastic Motion (Springer-Velag, New York, 1983).

4 J. Laskar, Icarus 88, 266 (1990).
Cretaceous-Tertiary boundary spherules as record of the Chicxulub impact: evidence for primary signatures and diagenetic evolution of ejecta materials

F. Martinez-Ruiz, M. Ortega-Huertas & I. Palomo.


La modelización a escala de cráteres de impacto

como recurso didáctico

Álvaro González Gómez y Javier B. Gómez Jiménez
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El rasgo geológico más común en las superficies sólidas de los planetas y satélites del Sistema Solar son sin duda los cráteres de impacto. La formación de estas estructuras debiera ser, por tanto, uno de los puntos imprescindibles que tratar en la enseñanza de la geología planetaria y, también, de la geología convencional. La modelización a escala de los cráteres de impacto se ha empleado con frecuencia para realizar extrapolaciones a cráteres de mayor tamaño, utilizando los argumentos del análisis dimensional. Algunas de estas experiencias de modelización son sencillas, vistosas y susceptibles de un tratamiento matemático simple y efectivo; además, son idóneas para realizarse en equipo. Todo ello permite utilizarlas como un buen recurso didáctico, que puede emplearse como complemento a las explicaciones teóricas sobre la formación de cráteres de impacto.

La superficie planetaria donde se genera el cráter puede simularse empleando una variedad de materiales en polvo, baratos y de fácil obtención (tales como harina, arena fina o polvos de escayola), colocados en un recipiente adecuado y alisados. Si se añade una fina capa de polvo de témpera o de tiza de color sobre la superficie alisada se resaltarán más los efectos del impacto. Para simular los impactores pueden emplearse pequeñas esferas de acero o roca, de masa conocida, que se dejan caer desde diferentes alturas. Estos experimentos permiten realizar varias observaciones interesantes:

a) Experimentando con proyectiles de diferentes masas, y especialmente, dejándolos caer desde diferentes alturas, se puede deducir que cuanto mayor es la energía cinética del impacto, mayor es el tamaño del cráter que se forma. De hecho, se cumple que el diámetro del cráter es aproximadamente proporcional a la raíz cúbica de la energía cinética del impactor, que a su vez es igual a la energía potencial que tenía éste a la altura desde la que se dejó caer. Esta relación es semejante a la calculada para los cráteres de impacto reales.

b) Los cráteres secundarios y rayos pueden obtenerse en estos experimentos sin dificultad. Si se modifica el ángulo de impacto, los rayos serán más numerosos y más largos en la dirección y sentido del movimiento del proyectil.

c) Debido a las bajas velocidades de los impactos en estos experimentos a escala en comparación con las implicadas en impactos reales, los cráteres de laboratorio serán más pequeños en relación al tamaño del impactor que los cráteres reales. Serán asimismo simples, sin levantamientos centrales ni paredes aterrazadas, y pueden no mostrar bordes elevados. Además, a diferencia de lo que es usual en cráteres reales, el proyectil sobrevive al impacto. Experimentar con estas diferencias invita a discutir en el aula cómo varían estas propiedades con el tamaño del cráter, y hasta qué punto son extrapolables los resultados de laboratorio a cráteres de un tamaño varios órdenes de magnitud mayor.

Inconsistencies of the Catastrophic Hypothesis

for the Origin of Miranda's Coronae

Álvaro González
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c/ Pedro Cerbuna, 12. 50009 Zaragoza (Spain).  E-mail:  Alvaro.Gonzalez@posta.unizar.es

The small, icy Uranian moon Miranda is characterized by two different kinds of terrain: ancient cratered plains and three resurfaced areas, trapezoidal to ovoid in shape, called coronae. These young features have no known counterpart in the Solar System, and their origin is still not understood. It was suggested that an extrapolation of the population of large, ancient craters recorded on the Uranian satellite Oberon inward to the inner satellites would imply a cratering over-saturation of the inner satellite surfaces. This means that Miranda (which is the innermost of the five mayor Uranian moons, and consequently the most affected by the gravitational focusing of Uranus) could have been disrupted by large impacts. After a disruption, the satellite would have been reaccreted, and the process of disruption and reaccumulation could have taken place several times over the history of Miranda. During the last reassembly, dense, proto-Miranda fragments would have impacted on the surface of the moon and sunk slowly through its mantle. Each corona would have resulted from the concentric, compressive, tectonic stress field induced on the base of the lithosphere by the convection cell generated in the mantle by one of these sinkers. A revision of this catastrophic hypothesis follows.

Taking into account the diameter of the largest craters on Oberon and Titania, the gravitational focusing of Uranus, and crater size scaling relations, it can be shown that large enough impactors existed in the Uranian system to produce craters on Miranda with diameters comparable to Miranda’s own diameter. However, it is not clear whether such impacts would be able to disrupt Miranda or not. Moreover, the actual probability of such an event is also unknown.

Numerical models have shown that the reaccumulation of Miranda following a disruption event is a fast process (about a few thousand years). Crater counts indicate that coronae are several billion years younger than the surrounding cratered plains, so if Miranda was disrupted and reaccreted, coronae could not have been formed as a result of reaccretion, because they would be almost identical in age to the neighbouring terrains. Furthermore, there is not any known feature on the surface of Miranda unequivocally interpreted as formed by disruption or reaccretion.

New cartographic projections of coronae and a careful examination of their tectonic structures show that, contrary to current scientific consensus, coronae are not concentric in shape. They display a complex set of tectonic features, which includes extensional, compressional and strike-slip belts. Therefore, they do not correspond with the concentric, compressive, tectonic expression expected from the sinking of dense impactors through Miranda’s mantle.

A new hypothesis for the origin of Miranda’s coronae is currently being outlined, supported by previous approaches that apply familiar tectonic processes to the icy composition and low gravity of Miranda. Meanwhile, it can be concluded that the catastrophic hypothesis for the origin of coronae appears to be the most complex and unnecessary, so, applying the Ockham’s Razor, it should be rejected.

Ignasi Casanova

The D-CIXS X-ray Spectrometer on ESA’s SMART-1 Mission to the Moon: Geochemistry of Lunar resources

J. Bernabeu, I. Casanova
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The D-CIXS (Demonstration of a Compact Imaging X-ray Spectrometer) instrument will provide high quality spectroscopic mapping of the Moon, the primary science target of ESA’s SMART-1 mission. At the same time it will demonstrate a radically novel approach to building a type of instrument essential for the Mercury cornerstone mission. It consists of a high throughput spectrometer, which will perform spatially localised X-ray fluorescence spectroscopy, and a solar monitor to provide the calibration of the illumination necessary to produce a global map of absolute lunar elemental abundances. D-CIXS will provide the first global coverage of the lunar surface in X-rays, providing absolute measurements of Fe, Mg, Al and Si under normal solar conditions and several others during solar flare events. In combination with information to be obtained by the other instruments on SMART-1 and from previous missions, this information will enable a more detailed look at some of the fundamental questions that remain regarding the origin and evolution of the Moon and will help us to map Lunar resources more effectively.
As well as tackling questions of a purely scientific nature, geochemical exploration of the lunar surface may provide important insights on the evaluation of natural resources. In this sense, the production of lunar liquid oxygen becomes a priority, since its utilisation could result in very substantial and immediate cost savings on propellant for transportation and, in the longer term, life support systems. There are more than 20 different process concepts that have been proposed for the production of oxygen from lunar materials. Among these, reduction of ilmenite (FeTiO3) and/or glasses with hydrogen seem more competitive in terms of simplicity and potential productivity. Hydrogen reduction experiments on high-Ti soil and iron-rich glasses reach oxygen yields of 3.0 and 4.5 wt%, respectively. Given that, as mentioned above, D-CIXS will detect titanium only under enhanced solar activity conditions, exploration of feedstocks for oxygen production should focus on the identification and mapping of high-FeO glasses. These volcanic glasses are quenched samples of a magma reservoir that was probably very homogeneous in chemical composition. As a result, the droplets produced by the eruption will tend to be chemically uniform as well. Tight compositional clustering is therefore a frequently observed aspect among volcanic glasses. Iron (FeO) contents of these materials often exceed 20 wt% (max. 23.1% FeO in Apollo 14 green glass). On the other hand, areas of pyroclastic deposits are known to have higher Mg/Al ratios, between 1.7 and 3.3, than do mare regoliths (<1.5). These criteria may be used for the geochemical identification of such deposits from orbit using X-ray spectrometry. Complementary to geochemical exploration, remote sensing data indicate that deposits of volcanic (pyroclastic) glasses are fairly abundant on the Moon, but little is known about their regional distribution. Such pyroclastic units (often called dark mantle deposits) form blankets 1–4 m deep and occur on the edges of the maria, overlapping onto the adjacent highland regions. They have distinctly low albedos, both in the visible and radar wavelength ranges. Imaging in the visible and IR ranges by the AMIE and SIR instruments, respectively, should also help identify such deposits in conjunction with X-ray observations at low altitudes. 

Geochemistry of Sites of Astrobiological Interest on the Surface of Mars: the Search for Evaporites
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Detailed knowledge of the mineralogy of the Martian surface can provide important constraints not only on geological processes but also on climate evolution and exobiological potential. Current data on Martian mineralogy stem from the study of SNC meteorites and, indirectly, from chemical analyses carried out by the XRF and APXS instruments aboard the Viking 1&2 (V1, V2) and Pathfinder (MPF) missions, respectively. The detection of S and Cl on the Martian surface by V1, V2 and MPF, together with the strong correlation between the S/Si and Cl/Si ratios strongly suggest that evaporite minerals constitute an important component of the Martian surface where Mg and Ca sulphates are probably the dominant species. A variety of mechanisms are possible for the production of S- and Cl-bearing evaporite minerals, including evaporation of liquid water in a low-humidity atmosphere and/or sublimation of ice to a cold trap. In either case, the formation of concentrated brines is likely to have occurred on the surface of Mars. Sulphur contents in Martian rocks (0.3-1.6 wt.% MPF site) are significantly lower than in soil materials (2.7-4.9 wt% V1 site, 4.1-6.1 wt% V2 site, and 1.6-2.7 wt% MPF site), indicating that soils are the source of such possible evaporite component and S contents of rocks are probably due to the presence of a thin layer of "contaminant" dust covering their surfaces. Seasonal dust storms have undoubtedly contributed to the mixing and chemical homogenization of unconsolidated surface materials at a global scale, as evidenced by compositional data from V1, V2 and MPF. However, an exception to this rule is illustrated by the variability of the S/Cl ratio in the soils analyzed in these three landing sites, with average values of 4.4, 10.7 and 3.6, respectively. Potential locations where evaporite deposits may form have been identified on the surface of Mars; specifically, at least 5 Martian impact crater paleolakes (including closed-, open-system and lake chain basin types) have been reported to possibly contain evaporites. Terrestrial brines are commonly dominated by chlorides, since sulphates are removed by a variety of processes such as bacterial reduction leading to sulphides. There is however an interesting case (Eddy Co. Brine, New Mexico; [9]) where the S/Cl ratio reaches an exceptionally high value of about 4.5, comparable to those measured on the Martian soils. Mg-sulphates are probably the dominant evaporitic component in the Martian surface. Calculations from available V1 and MPF data, assuming that all sulphur is in the form of sulphates, yield values of 24.8(5.5 and 37.0(3.0 wt.% MgSO4·7H2O (epsomite) in the analyzed soils. Given the important exobiological potential of evaporitic deposits (e.g. for the identification of halophile bacteria), identification of such materials should be a priority in Mars exploration programs. Such potentially high concentrations of epsomite (or related Mg-sulphates) in the Martian soils can, in principle, be detected from orbit through mid-IR spectroscopy. Major Martian IR absorption features for sulphate and bi-sulphate species appear at wavelengths of 8.7 and 9.8 m; the IR spectrum for epsomite unsieved coarse powder shows the most prominent absorption feature at 9.0 m; this is unfortunately close to the CO2 9.2 m absorption band and, consequently, makes sulphate detection from orbit very difficult due to the Martian atmosphere.

Mark Kidger

(i) Seguimiento del vulcanismo de Io con CanariCam en el Gran telescopio

CANARIAS - una nueva oportunidad para los planetólogos españoles.

(ii) Desvelando el núcleo de los cometas no periódicos - medición del

diámetro del núcleo de cometas inactivos de largo período.
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Experimental modeling mineral forms resemble bacteria-like ones
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      Coccoidal  and pipe-likes and globular forms, which were find in C-chondrites and ancient phoshorite,as a rule, connect with the presence of microorganisms [1], [2].  Up to know we are shots about morphology abiogenic substances on nanometre scale of research. There was determined surprising likeness between microforms  in phosphorite with recent alkaliphilic mat: cells of alkaliphic cyanobacterium Synechocystis salina Wisl [1], (fig1). Studing rocks and minerals  as a petrological  objects we saw many microforms  which have globular, tubes and pipe-likes shapes.  We believe that may be the other nature  of   bacteria-like shapes forming. We don’t  refute  the presence of pseudomorphs of bacterial cells in any case, but our experiments show  that we can obtain bacteria-like forms as a result of crystallization of substances from superdensity colloidal solutions ( fig 2). We fulfiled the series  of experimens with different mixtures. The conditions of our experiment for  mixture of CaCO3 –50 mg., NaPO3 –50 mg., H2O – 15 mg., are following:  T- 500( C,  P – 500atm.,  duration- 7  days. The resuls of experiment we studied with scanning electron microscope (Camscan 4-DV) with energy dispersion device (Link AN 10000) and secondary electron scattering (fig2).

     Abiogenic nature of carbonaceous  substances strongly proved  in publications [3], [4].

 The ratio  of hydrogen to deiterium (H/D) in carbonaceous substances of C-Chondrites change in limit of 5210-6520,  which is significally lower than from substances of biological origin from deposited rocks on the Earth (6880-12000). Collomorphic texture localization on outer zone of meteorites melting (supporters of bacterial origin of these textures connect them with  microorganizms) are explained the basis of Ashadov [5] on physico-chemical model grounding the solution formation during crystallizatin from vapor. 
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Cells of alkaliphic cyanobacterium. Fig.1
Mineral substances obtained in experiment. Fig.2 
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"Identificación y medida de 21Ne cosmogénico en superficies graníticas de Galicia"

La interacción de la radiación cósmica con la superficie terrestre genera distintos nucleidos en la roca con la que interfiere cuya concentración aumenta con el tiempo de exposición de la superficie. Cuando ésta es un granitoide, los tres isótopos del Ne generados (20Ne, 21Ne, 22Ne) son retenidos en la red cristalina de minerales como el cuarzo, donde se unen a las fracciones de Ne allí existentes de origen magmático (heredado) o debido a la desintegración de elementos radioactivos de la roca (nucleogénico). Los tres posibles orígenes se manifiestan por la temperatura a la que se liberan de la red cristalina al calentar el mineral anfitrión, debido a que su enlace con aquella tiene una energía diferente que depende de las condiciones termodinámicas de entrada en la red (presión, temperatura). La medida de la concentración de 21Ne cosmogénico en una muestra determinada se puede hacer mediante Espectrometría de Masas de Gases Nobles (NG-MS). El dato obtenido tiene un valor geomorfológico, ya que nos da la edad de exposición de la superficie muestreada o en su caso la tasa media de erosión de la misma.

Se han realizado dataciones por la técnica del 21Ne cosmogénico de muestras procedentes de superficies de roca formadas en distintos ambientes geomorfológicos: glaciar, fluvial y de grabado químico, desarrolladas sobre distintos tipos de granito y situadas a altitudes entre el nivel del mar y los 1.800 m s.n.m..

La identificación del gas Ne de origen cosmogénico en cuarzo se basó en dos criterios (Niedermann et alii, 1993): (1) su liberación a temperaturas menores de 600ºC y, (2) que posea una relación 21Ne/22Ne específica. El primer criterio pudo aplicarse en todas las muestras analizadas y parece relacionarse con el  reajuste estructural ligado a la transición enantiomórfica del cuarzo a 573ºC. El segundo criterio, por el contrario puede verse influido por varios factores de tipo petrogenético (génesis y edad de emplazamiento de la roca, historia tectónica del macizo, mineralogía de la roca, etc.). Ocurre así que los aportes de origen nucleogénico, debidos al bombardeo del cuarzo realizado por minerales radioactivos, y la identificación de la relación isotópica del componente heredado son los problemas principales para aplicar el segundo de los criterios. De manera general, la discriminación del 21Ne cosmogénico fue peor en las muestras de menor concentración. En estos casos, las muestras monominerales (cuarzo filoniano) proporcionaron medidas mejores que las de cuarzo procedente de rocas poliminerales.

Transformación de moléculas orgánicas presentes en condritas carbonáceas durante procesos hidrotermales
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Las condritas carbonáceas contienen una gran variedad de moléculas orgánicas con un grado de complejidad estructural elevado y con un amplio abanico de grupos funcionales. Por ejemplo, en el meteorito de este tipo analizado con más detalle, Murchison, caído en Australia en febrero de 1969, se han identificado más de seiscientas moléculas orgánicas distintas además de estructuras poliméricas [1]. El origen preciso de este material orgánico se desconoce, pero todo parece indicar que en realidad se formó a través de un conjunto de procesos que tuvieron lugar en distintos enclaves del universo [2]. Las anomalías isotópicas de C, H y N sugieren que algunos de los precursores iniciales de las moléculas orgánicas se sintetizaron en el espacio interestelar, tanto por reacciones en fase gas como por la acción de radiaciones ionizantes sobre los mantos orgánicos congelados que aparentemente rodean a los granos interestelares. Por otro lado, a través del estudio de las fases minerales presentes en partículas de polvo interplanetario capturadas en la estratosfera terrestre, se ha demostrado experimentalmente que en la nébula solar tuvieron lugar reacciones catalíticas en fase heterogénea [3-5]. En estos experimentos, a partir de H2, CO y H2S y bajo condiciones nebulares se obtuvieron alcanos, alquenos y tioles cuando se utilizó camacita como catalizador. No obstante, para que tenga lugar la síntesis de moléculas orgánicas más complejas hace falta un entorno protegido donde se den las condiciones de reacción necesarias. En el caso de las condritas carbonáceas tales condiciones pudieron darse durante los procesos hidrotermales que afectaron a los cuerpos asteroidales progenitores. En efecto, el estudio mineralógico de las condritas carbonáceas que contienen una mayor concentración y variedad de moléculas orgánicas, los tipos CM y CI, demuestra que los cuerpos progenitores sufrieron procesos hidrotermales intensos que provocaron la transformación de las fases minerales iniciales principalmente a filosilicatos y tochilinitas [6-8].

En este trabajo se ha llevado a cabo el estudio experimental de la transformación de los hidrocarburos y tioles sintetizados en las simulaciones anteriores en condiciones supuestamente similares a las inducidas por los procesos de alteración hidrotermal que afectaron a los cuerpos progenitores de las condritas carbonáceas del tipo CM y CI. La transformación de alquenos a alcoholes y ácidos carboxílicos (RCH=CH2→RCH2CH2OH→RCH2COOH), de tioles a ácidos sulfónicos (RCH2SH→ RCH2SO3H) y la aparición de estructuras poliméricas tiene lugar de manera efectiva bajo condiciones hidrotermales (P=10-100 kPa, T=375-575 K) en la presencia de filosilicatos y fases metálicas de hierro y níquel. En cambio, las condritas ordinarias y el meteorito Allende (condrita carbonácea del tipo CV) pulverizados apenas catalizan de manera efectiva la transformación de estas moléculas sencillas.

[1] Cronin, J.R. and Chang, S. (1993) The Chemistry of Life’s Origins, p. 209-258. Kluwer Acad. Pub. [2] Llorca, J. (1998). Publ. Univ. Int. Menéndez Pelayo, 7027/2, 19-37. [3] Llorca, J. and Casanova, I. (1998). Meteorit. Planet. Sci. 33, 243-251. [4] Llorca, J. (1999) Phys. Chem. Earth 24, 591-595. [5] Llorca, J. and Casanova, I. (2000). Meteorit. Planet. Sci. 35, 841-848. [6] Llorca, J. and Brearley, A.J. (1992) XXIII Lun. Planet. Sci. Conf. 794-795. [7] Llorca, J. (1992) III Congr. Geol. Esp. 2, 542-546. [8] Llorca, J. (1995) VI Congr. Geoquím. Esp. 11031-11037.
ABUNDANCIAS QUÍMICAS EN METEOROIDES

A PARTIR DE ESPECTROSCOPIA DE METEOROS
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Las campañas de Leónidas recientes han reunido a investigadores pertenecientes a un amplio rango de disciplinas construyendo un puente entre las ciencias observacionales y analíticas. Tradicionalmente el polvo cometario ha sido analizado mediante el estudio en el laboratorio de Partículas de Polvo Interplanetario (IDPs). Aquí presentamos una nueva disciplina que estudia esta materia a partir del análisis de los meteoros, es decir, de la fase luminosa que representa el proceso de ablación y fragmentación de estas partículas en la atmósfera. Mediante la espectroscopia de meteoros puede obtenerse información sobre la composición química de los meteoroides. Hemos  usado un sencillo modelo para determinar los parámetros físicos y las abundancias químicas a lo largo de la trayectoria del bólido. Asumiendo equilibrio térmico en la cabeza del meteoro es posible reproducir las características principales de los espectros meteóricos, incluyendo la presencia de dos componentes diferenciados: el espectro principal, caracterizado por una temperatura de unos 4.500 K y un espectro secundario producido a unos 10.000 K. Probablemente la componente de alta temperatura está asociada al frente de choque del meteoroide mientras que la componente de baja temperatura se produzca en los alrededores del meteoroide. Este modelo ha permitido deducir las abundancias químicas relativas al silicio en trece bólidos la mayor parte producidos por fragmentos de cometas como se deduce de las órbitas heliocéntricas calculadas para los respectivos meteoroides. Para estos bólidos se dedujeron las abundancias de Na, Mg, Ca, Ti, Cr, Mn, Fe, Co y Ni. Comparando las abundancias químicas con las características de IDPs, del polvo del cometa 1P/Halley y de meteoritos condríticos se llega a interesantes conclusiones. La presencia de una mayor abundancia en Na puede estar relacionada con la evaporación de este elemento en el medio interplanetario y probablemente también en la atmósfera. Asimismo se ha confirmado el efecto de evaporación incompleta del calcio que abandona el meteoroide sin fundirse, probablemente en forma de polvo refractario. Los resultados sugieren también que las medidas realizadas por la sonda Giotto del polvo del cometa 1P/Halley no pueden considerarse representativas del polvo cometario dado que varias abundancias químicas son diferentes en meteoroides de otros cometas. Probablemente tales diferencias sean debidas a que los espectrómetros de masas detectasen solo partículas pequeñas de masa equivalente a la de los componentes principales de la matriz de las IDPs. 


El interés de estos estudios en astrobiología es obvio. La acreción de materia extraterrestre es un campo clave como fuente del carbono prebiótico y de volátiles tan importantes en el origen de la vida en la Tierra. Probablemente no todo el carbono llegó a través de impactos con cometas y primitivos asteroides sino que también la acreción de meteoroides en la atmósfera terrestre ha sido un mecanismo más continuo y benévolo para depositar especies orgánicas y volátiles sobre nuestro planeta. En este contexto la espectroscopia de meteoros es una manera de conocer mejor los mecanismos que regulan la entrada de la materia interplanetaria a la Tierra.  
Mª Jesús Muñoz, JMF, RLH

The meteorite collection of the National Museum of Natural Sciences, Madrid, Spain.
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A general revision of the information available on the collection of meteorites hosted by the National Museum of Natural Sciences of Madrid (MNCN) reflects differences in the weight of some specimens due to recent scientific exchanges and studies. All this makes the re-elaboration of the catalog necessary. The catalog presented includes 88 stony meteorites, 56 iron meteorites, 13 stony-iron meteorites, and 14 tektites.

This meteorite collection is the most important in Spain. It was first organised by the Marquis of Socorro, during the second half of the XIX century (1866-1882), based on several specimens stored in the Museum, and several later exchanges and acquisitions. In 1886, the collection included 68 pieces of meteorite corresponding to 64 specimens (including falls or finds). When the geologist Salvador Calderón became the head of the Mineralogy Section of the Museum (1901-1910), meteorites received special attention and there was a significant increase in the number of specimens thanks to exchanges with private collectors and other Museums. In 1916, 99 specimens from 94 falls or finds, were listed and by 1923 the collection contained 168 specimens. This total was increased in the following decades thanks to private donations. Some new acquisitions have been made, with one case deserving special attention. In 1994 a supposed meteorite fell in the town of Getafe (South Madrid). This larnite-rich ultrarefractory rock does not match any of the previously classified meteorites, and has therefore been included in the catalogue as pseudometeorite. 

In the present work, we also review the studies performed on this meteorite collection by Spanish researchers, sometimes in collaboration with foreign research groups. These comprise historical reviews of the impacts, previous listings, petrological and geochemical studies, and isotopic dating. 

POSIBLE ASTROBLEMA EN TARRAGONA-ALTAFULLA.

Narcís Carulla Gratacòs

Se cita un "Clot" (una depresión puntual, hoyo o embudo) parecido a una dolina en un entorno geológico donde no aparecen este tipo de formas (subsuelo de calcarenitas y calcisiltitas miocénicas potentes sobre sustrato cretácico) en los alrededores de Tarragona-Altafulla, con la posibilidad de que se trate de un astroblema dado que:

  a.. No hay moforfologías cársticas en estos niveles calcisiltíticos ni alrededores

  a.. No parece ninguna cantera antigua (romana o reciente)

  a.. Aparecen, en un entorno pluriquilométrico, dentro del suelo subactual y a veces dentro de algún caliche reciente, elementos pétreos oscuros siempre angulosos (no rodados), repartidos ampliamente, semejantes a carbonatitas (s.l.) micríticas oscuras de génesis desconocída. 

  a.. Etimológicamente "Clot de l'oli", recuerda al "clot del bòlid" meteoro o bólido en catalán.

En cualquier caso se quiere dejar constancia de estos hechos, para ser estudiados y aclarados.

SIMILARITIES OF MINERAL COMPOSITION AND PHASE FORMATION OF METEORITES AND GLASS- CERAMIC: AN APPROACH

J. Ma. Rincón(1) and M. Romero(1)

(1) The Glass- Ceramics Lab, Instº. E. Torroja de Ciencias de la Construcción, CSIC, Madrid (España) e- mail : jrincon@ietcc.csic.es and nromero@ietcc.csic.es
Melting and controlled nucleation and crystallization processes from original designed glasses usually give rise to glass- ceramic materials with a broad range of industrial, domestical and architectural applications which some of these are processed by slow cooling after melting (petrurgical glass- ceramics). More recently this type of materials can be manufactured by recycling of a wide range of industrial and mineral wastes. Majority of these wastes which usually are storage as red muds are highly enriched on iron oxides, what make possible to obtain black glasses and glass- ceramics up to 40- 50 % of iron oxides and frequently containing hematite and magnetite precipitation of high volume of crystals into a glassy matrix. This situation is also usual in planetary geology where highly enriched iron minerals are formed mainly in pyroxene/ basalt matrices. 

The microstructural and mineralogical composition of some meteorites are formed in fully different conditions that industrial and/ or laboratory glass- ceramics. However, the study of similarities of some planetary materials, could give rise to compositional design of materials and microstructures by the glass- ceramic processing (controlled nucleation + crystallization). From this innovative point of view, the study of planetary materials affords new knowledge to the synthesis of new materials with improved technological properties as compared with those were developed and produced in the last decades and could allow in the next future the production of new and interesting industrial materials which useful applications in technology and as building materials. In this sense, after short review of the main mineralogical and microstructure composition of some meteorites is showed and compared the microstructure and composition of those glass- ceramics produced by the own authors from highly enriched natural raw materials such as basalts (pyroxene and anorthited recsrytallized) and some industrial wastes (magnetite and heavy metal ferrites synthetized)
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TECTÓNICA ASOCIADA AL ÁREA CAÓTICA DE CONAMARA.
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La superficie del satélite Europa está marcada por estructuras tectónicas y magmáticas que demuestran la intensa actividad geológica que renueva la corteza. Un fenómeno característico de la superficie de Europa es la formación de grandes áreas de textura caótica. En estas áreas, la corteza ha sido troceada en bloques que han quedado embutidos en una matriz de aspecto menos viscoso. Se puede encontrar terrenos caóticos distribuidos por todo el satélite, que difieren entre sí en el tamaño del área afectada y la distribución y el grado de movimiento de los bloques en la matriz. Los procesos de formación de las áreas caóticas clasicamente referidos son: a) Procesos de convección sólida en la corteza de hielo gruesa; b) Procesos de fusión de la corteza de hielo delgada. Ambos modelos han creado gran controversia entre la comunidad científica pues cada uno de ellos admite un espesor de corteza distinto al otro, lo que conlleva diferencias importantes en la acttividad geológica del interior de dicha corteza y en la profundidad a la que se encuentra el océano interno. Recientemente se han propuesto hipótesis alternativas que implican una petrología más rica de la corteza, y en donde la fusión se produce debido a las propiedades físico químicas de los materiales corticales.
El área caótica más documentada es Conamara (8ºN, 274ºO), en donde los bloques han rotado de posición y a veces aparecen algo inclinados con respecto a la vertical. La formación de Conamara está claramente relacionada con una anomalía térmica, aunque no está claro el origen del movimiento de los bloques. Se han discutido varias posibilidades como causas del patrón de movimiento: 1) la fuerza de Coriolis, pero el patrón de movimiento general, según las agujas del reloj, no es consistente con la dirección de Coriolis en el hemisferio norte; 2) turbulencias ocurridas en el océano subyacente. Es posible que las corrientes de marea sean responsables del patrón de desplazamiento, pero esto no ha sido comprobado. Si la fracturación deriva de procesos de deformación ductil intracortical, entonces el movimiento podría relacionarse con campos de flujo globales en la corteza debido a la combinación de una tectonica inducida por el ascenso de diapiros y campos de flujo laterales de tipo glacial. El análisis que hemos realizado de la tectónica regional de la zona determina que el movimiento de los bloques está relacionado con el movimiento de las grandes fracturas del área. 

La zona del caos de Conamara se encuentra limitada por dos fallas de desgarre conjugadas, Línea Agave y Línea Asterius de orientación N135ºE y N60ºE respectivamente, situándose en el ángulo agudo (75º) de la confluencia de ambos desgarres. El desgarre de Asterius es el más joven y activo en este momento (ya que corta a Agave), con un sentido de movimiento sinestrorso, dicho movimiento implicaría un giro destrorso del bloque donde se encuentra el caos de Conamara. Los bloques que se encuentran dentro de la estructura caótica presentan un sentido de giro destrorso dentro de esta, lo cual es coherente con lo propuesto anteriormente. Si atendemos a los criterios clásicos de fracturación de Coulom, el caos de Conamara se encuentra en la zona de compresión del ángulo agudo de dos fallas conjugadas (en la bisectriz se encuentra (1), mientras que la extensión máxima ((3) sería perpendicular y (2 estaría contenida en la intersección de ambos planos de falla.
ESTUDIO DE ANÁLOGOS TERRESTRES SALINOS DEL SATÉLITE JOVIANO EUROPA: LAS LAGUNAS MANCHEGAS.

D. C. Fernández Remolar(1), O. Prieto Ballesteros(1) & N. Rodríguez(1)
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Tanto los datos aportados por los sensores de las sondas espaciales, como los modelos geoquímicos de la corteza de Europa, indican la presencia de minerales hidratados y de algunos hielos en la corteza de Europa. Entre los minerales hidratados se incluyen los hidratos de sulfato de magnesio, sulfato de sodio, carbonato de sodio, y de ácido sulfúrico. La presencia de sales hidratadas también está apoyada por los modelos de alteración acuosa de algunos meteoritos. Los minerales salinos de las condritas carbonaceas se pueden encontrar en la Tierra formando la paragénesis mineral de ciertas lagunas de evaporitas continentales. La composición de estas aguas continentales es el resultado de la interacción entre varios factores como la composición química y grado de alteración de substrato rocoso, la actividad química de las aguas subterráneas, el contexto geomorfológico, el balance hídrico y las condiciones climáticas de la zona.
En la meseta manchega castellana de la Península Ibérica podemos encontrar lagunas activas cuyas salmueras cumplen las características mencionadas, es decir, son muy ricas en sulfatos hidratados de sodio y magnesio. El estudio de estas lagunas como análogo terrestre de la geoquímica de Europa es muy interesante desde el punto de vista astrobiológico. Las comunidades bióticas de los medios salinos moderadamente alcalinos, como la laguna manchega de Tírez, se caracterizan por tener una baja diversidad relativa y presentar microorganismos con diferentes niveles de tolerancia a las sales. En casos extremos el nivel de tolerancia a la salinidad por bacterias halófilas puede alcanzar el 33% de la concentración. Debido a los procesos de deshidratación inducidos en los organismos por la salinidad, éstos tienden a adaptarse para prevenirlo haciendo uso de procesos como el de la concentración interna por medio de iones o por medio de biomoléculas. El desarrollo de pigmentos en estas bacterias para realizar funciones metabólicas tan importantes como la fotosíntesis produce la coloración púrpura de algunos de estos depósitos evaporíticos. Dalton (2002, XXXIII LPSC, [#1555]) ha constatado que algunas de las bacterias extremófilas con dichos pigmentos, que viven asociadas con minerales sulfatados producen un espectro muy similar al obtenido por el sensor NIMS de Galileo. Este autor no establece la existencia de dichas bacterias en la superficie de Europa, pero si indica las señales espectrales que deben rastrearse para su búsqueda.

Magnetic Fields and Magnetic Properties in the Solar System

P. Rochette

 CEREGE  University of Aix-Marseille 3 BP 80, Europôle de l'Arbois 13545 Aix en Provence Cedex 4 France, e-mail: rochette@cerege.fr
Present and past magnetic fields can be created by electric currents -in a internal dynamo, in the ionosphere, solar wind and lightning channel- or by magnetization of matter. Natural remanent magnetization (NRM) may be a record of past fields while present fields can be investigated using spacecrafts. Intensity of magnetic fields is a key issue for understanding early solar system processes. A review of the different aspects of extraterrestrial magnetism will be presented, with an emphasis on the magnetic properties of meteorites. 

Magnetic minerals in meteorites can be metallic iron, magnetite and pyrrhotite. Identification and quantification of these minerals can serve as a redox proxy and a classification tool. A magnetic database of magnetic properties of more than 1000 different meteorites from various European collections (including MNCN Madrid) demonstrates the interest of magnetic properties for classification, as each class of meteorite give a very narrow range of values. This allowed to detect several misclassified or misidentified meteorites. The implications in terms of in-situ characterisation of asteroids by robotic exploration, and for interpretation of magnetic field measured around asteroids will be discussed.

Understanding the origin of the strong martian magnetic anomalies, discovered by Mars Global Surveyor, is a major challenge. Magnetic properties of  martian meteorites (SNC), mainly carried by pyrrhotite (in shergottites) and titanomagnetite (in nakhlites) can be used to model martian crustal magnetization.. However SNC magnetism is deeply affected by metastable structures, induced either by impact on Mars or by space irradiation.

Finally the present status of the ALH84001 controversy related to magnetism (biogenic magnetite, low temperature transport from Mars to Earth ?) will be briefly reviewed.
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Los hierros sedimentarios de la Cuenca del Río Tinto: ¿un análogo mineral de los depósitos ferruginosos de Sinus Meridiani?
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La matriz universal por la cual la vida intercambia material y energía es el agua. No se tiene constancia de otro modelo de sistema vivo que sea capaz de llevar a cabo sus intercambios  metabólicos en cualquier otro tipo de matriz reactiva, sea líquida o sólida. Esta es la principal razón por la que búsqueda de vida o productos fósiles de su actividad en Marte pasa o bien por la localización de reservorios actuales de agua o bien la de depósitos sedimentarios formados bajo masas de agua antiguas, respectivamente. En este sentido, una de las regiones más prometedoras de Marte es la Cuenca Hematítica de Sinus Meridiani, cuya principal característica es la presencia de potentes depósitos de óxidos de hierro mineralizados bajo forma de hematites (grey α-Fe2O3). Según Christensen et al. (2001), estudiando los datos espectrales del área obtenidas por el TES (Thermal Emisión Spectrometer) del MGS (Mars Global Surveyor), estos materiales se formaron en condiciones con alta disponibilidad de agua, como sistemas hidrotermales, lagos u océanos antiguos.

En la Cuenca del Río Tinto se han localizado un conjunto de depósitos de óxidos de hierro que podrían ayudar a interpretar las condiciones ambientales que condujeron a la formación de estos depósitos de hematites en el planeta rojo. Durante finales del Terciario y parte del Cuaternario la Cuenca de Río Tinto ha acogido una comunidad quimiolitótrofa basada en la química del hierro, cuya actividad ha participado en parte en la formación de un registro discontinuo de este tipo de materiales. El estudio mineralógico inicial (RX, FTIR, microscopía), que comprende los sedimentos actuales hasta los materiales hematíticos terciarios, ha permitido reconocer una serie mineral evolutiva entre los depósitos actuales y los materiales más antiguos. Esta serie comprende los minerales ferrihidrita + sulfatos férricos, goetita y hematites e implica un proceso de recristalización y deshidratación hasta ahora poco descrito en ambientes sedimentarios (Schwertmann & Fitzpatrick, 1992). El grado de hidratación y recristalización observado en los materiales indicados puede permitir comprender aquellos procesos de transformación de materiales hidratados sedimentarios hacia las fases ferruginosas deshidratadas. Este podría tener una gran importancia en el conocimiento de los procesos geológicos que han originado los depósitos ferruginosos en la Cuenca del Hematites de Sinus Meridiani. En concreto, la presencia de hematites en esta región marciana no favorecía una explicación del origen sedimentario de los mismos, ya que se tiene constancia que la precipitación química del hierro en condiciones sedimentarias tiene como fase final la goetita, que requiere una activación adicional por altas presiones y/o temperaturas para la formación de hematites. Sin embargo, en Río Tinto los minerales ferruginosos terminales están representados por hematites, cuyo origen es claramente sedimentario. Además, muchas formas conocidas de microorganismos en la Tierra reciclan hierro en ambientes sedimentarios. Por lo tanto, la alta disponibilidad de hierro en ambientes hídricos en la superficie de Marte aumentaría la posibilidad de la aparición de comunidades quimiolitótrofas en etapas tempranas de  la evolución de este planeta.
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Volcanismo explosivo en el sistema solar: mecanismos eruptivos y depósitos asociados.

J. A. Rodríguez -Losada
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En este trabajo, se analizan las posibles dinámicas de las erupciones explosivas en la Tierra y en otros cuerpos planetarios del Sistema Solar. La interrelación de factores como son la gravedad superficial, la presión atmosférica, la concentración de volátiles y las condiciones de presión y geometría en el conducto volcánico, tiene una influencia decisiva en las condiciones de expansión de la mezcla de gases y piroclastos, condicionando, no solo el tipo de columna eruptiva, sino el de los depósitos asociados. En este sentido cabe diferenciar dos estados de expansión a la salida del conducto: a) Expansión completa y b) Expansión incompleta o sobrepresión. Estas condiciones pueden evolucionar una en otra con los cambios producidos en la geometría del conjunto (chimenea y cráter). 

En la primera de las dos situaciones definidas, se alcanza la máxima eficiencia del chorro eruptivo, disminuyendo ésta, en el caso de la expansión incompleta. En las situaciones de expansión completa, se producen en las erupciones terrestres columnas plinianas que alcanzan altitudes estratosféricas originando grandes extensiones de depósitos de lluvia piroclástica (“ash fall”). En IO, único satélite del Sistema Solar en el que se han observado columnas eruptivas en proceso, este tipo de situación origina los grandes penachos en forma de paraguas, los cuales dan lugar a un tipo especial de depósitos de lluvia piroclástica en forma de halos circulares de gran extensión superficial (tipo Pele, de 1000 a 1500 km) o de extensión más moderada (tipo Prometheus < 500 km ) en torno al centro eruptivo. 

En las situaciones de expansión incompleta o sobrepresión, el desarrollo y propagación en el interior del fluido volcánico, de ondas de choque, provoca una menor eficiencia del chorro eruptivo. En la Tierra, esto trae como consecuencia la génesis de erupciones vulcanianas o peleanas, con colapsos parciales o totales de la columna eruptiva, produciéndose depósitos de colada piroclástica (“ash flows” o ignimbritas) con nubes ardientes acompañantes y depósitos de oleada piroclástica (“base surge deposits”). En general, las morfologías tanto de los penachos eruptivos como de los depósitos originados son más complejas e irregulares que en el caso anterior. Así, los penachos difusos e irregulares tipo Loki, observados en IO, pueden haberse formado bajo este tipo de condición. 

En la Luna, los depósitos asociados a explosividad más o menos moderada son los conos de cínder, estructuras volcánicas rodeadas por depósitos cineríticos (“Dark Halo Craters”) y los mantos oscuros lunares (“Dark Mantling Deposits”), probablemente derivados de un tipo de actividad eruptiva equivalente a la de las erupciones estrombolianas terrestres.

En Mercurio y Marte, se han identificado posibles depósitos piroclásticos y estructuras asociados a volcanismo explosivo. Este es el caso de los mantos piroclásticos identificados en el cráter Homer (Mercurio), Apollinaris patera (Marte), Hellas mounds (Marte) o Tyrrhena patera (Marte).

En Venus, debido a la elevada presión atmosférica, no resultan factibles las manifestaciones volcánicas explosivas. No obstante, en casos en los que una excesiva concentración local de volátiles supere el umbral necesario para la expansión explosiva de los mismos, se pueden originar columnas eruptivas de muy escaso desarrollo vertical, generalmente a partir de colapsos parciales de domos volcánicos activos con formación de depósitos de coladas piroclástica (“ash-flows”), como en el caso identificado de Sapas Mons, edificio volcánico con unas dimensiones de 120 por 1.5 km.

Más allá de la órbita de Marte, ya en los dominios del criovolcanismo, en algunos satélites helados, como en el caso de Europa, con un manto subcortical de agua líquida cubierta por una corteza, mayoritariamente formada por hielo de agua, se puede suponer la existencia de erupciones explosivas, con la incógnita de cuál o cuáles son los volátiles desencadenantes de dicha actividad y cuáles son los mecanismos de interacción agua/hielo en este tipo de criovolcanismo. En otros casos, como Tritón, dominado por una superficie sólida de nitrógeno, metano y probablemente algo de hielo de agua, la actividad criovolcánica explosiva, parece tener una causa externa, como es el calentamiento solar estacional. Aquí, la sublimación del metano y el nitrógeno puede desencadenar la expansión explosiva de los mismos, provocando la emisión de chorros eruptivos tipo geyser de nitrógeno y metano líquidos. Este tipo de actividad ha sido identificado gracias a la sonda Voyager, en la forma de chorros de hasta 8 km de altura, con depósitos crioclásticos oscuros alargados hasta 150 km hacia sotavento. 

Hallazgo del mineral fosfuro de Níquel en una octahedrita IAB de Rubín de Celis (Campo del Cielo)
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Antecedentes

El fosfuro de níquel (nickelphosphide) ha sido reconocido por primera vez en el meteorito Butler (Britvin, 1999) como un mineral niquelífero análogo de la schreibersita (IMA 1998-023). A partir de allí fue descripto solamente en los sideritos Bahjoi, Ballinger, Canyon Diablo, Carlton, Edmonton, Efremovka, Goose Lake, Lenarto, Lexington County, Monahans, Oktibbeha County y Vicenice y en el condrito Santa Luzia. 

Ubicación

El fragmento pertenece al campo de dispersión de meteoritos del cráter Rubín de Celis (lat.-27º37.5’; long.-61º41’) del siderito de Campo del Cielo, Chaco, Argentina, definido inicialmente como hexahedrita (Villar y Bunch en Cassidy et al. 1965). El ambiente de impacto es selvático, de suelos blandos constituídos por sedimentos finos.

Descripción macroscópica

Las dimensiones y peso respectivos del espécimen estudiado son 52x115x145mm y 1.396 gramos (Fig.1). Su superficie externa, cubierta por una fina película de tonalidad castaño rojiza a negra, que correspondería a óxidos secundarios, es irregular y rugosa, sin los regmagliptos típicos de Campo del Cielo ni oquedades, mostrando parcialmente cortezas de fusión y signos de corrosión y meteorización. En sendos cortes practicados en un vértice y una arista se aprecia su aspecto metálico brillante y masivo, empero con fisuras de recorrido tortuoso producidas por el impacto contra el suelo terrestre.

Descripción microscópica

El fragmento observado muestra en su sección metalográfica una masa blanca de kamacita (6,93% Ni) cruzada por líneas de Neumann y conformando con lamelillas de taenita (41,7% Ni) las figuras de Widmanstatten características. La corteza de fusión está casi ausente excepto por una pequeña localización fina e irregular a un costado de la sección. Por su textura y composición puede identificarse a esta muestra como representante de una octahedrita Og IAB.

Otro constituyente principal en la composición mineral es la schreibersita, un miembro de la solución sólida isomorfa entre Fe3P y Ni3P con variable contenido en Níquel. Y aunque el porcentaje molecular del miembro final Ni3P es de alrededor de 50, raramente dicha proporción excede ese límite, y, cuando ello sucede, el mineral se denomina fosfuro de níquel (nickelphosphide, IMA 1998-023; Britvin 1999, Jambor et al. 2000), cuyo hallazgo en Campo del Cielo constituye una novedad. 

Los cristales de schreibersita son grandes y alargados, de color blanco-rosado y presentan una corona gris de alteración (Fe) debido a su inestabilidad ante los agentes de meteorización durante el largo período de tiempo (unos 5.800 años) que estuvo el meteorito enterrado. Su análisis químico es Fe 48,113/55,462%p, Ni 29,846/37,629%p., P 13,022/13,448%p. La fórmula estructural sobre 4 a.p.f.u. es Fe1.98/1.72 Ni1.28/1.02 P. En el caso del fosfuro de níquel, sus cristales son más pequeños, con formas tabulares, también rodeados por un ribete gris (Fig.2). Su análisis químico es Ni 47,258%p., Fe 38,36%p, P 12,7%p. La fórmula estructural sobre 4 a.p.f.u. es Ni1.62 Fe1.38 P. 

Aporte final

Empero haber sido el siderito de Campo del Cielo exhaustivamente estudiado, no fue sino hasta ahora que se ha identificado la existencia allí de cristales aislados del mineral fosfuro de níquel.
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Hasta hace muy poco tiempo el estudio del vulcanismo estaba restringido únicamente a la Tierra. Con la llegada de las sondas planetarias se abrieron nuevas perspectivas hacia un vulcanismo planetario en que se descubrieron formas de exteriorizarse este fenómeno (criovulcanismo) y morfologías (pateras y coronas) desconocidas hasta entonces, mejorando así el estudio del fenómeno en la Tierra y haciendo posible un nuevo y mejor sistema de enseñanza de este.

Esta comunicación sugiere la comparación del vulcanismo en el sistema solar con el terrestre como complemento en la enseñanza de las  ciencias de la Tierra, de forma que el alumno amplíe su formación con conocimientos básicos de vulcanismo planetario y adquiera una visión más objetiva del terrestre, entendiéndolo como un caso concreto dentro del sistema solar. Este tema podría ser propuesto en clase como ejercicio de grupo, fomentando el trabajo en equipo y el debate, facilitado este último por tratarse de una ciencia relativamente nueva. 

Vulcanismo en el sistema solar Vs vulcanismo terrestre



Características volcánicas
Paralelismo en la Tierra

Mercurio

Llanuras volcánicas asociadas a vulcanismo fisural.
Columbia Plateau (Noroeste de EE.UU.).

Domos térmicos (pancake).
El  Kilimandjaro (Rift de Africa Oriental).

Venus

Grandes torrentes de lava 

de centenares de kilómetros.
vulcanismo fisural
Komatiitas. Por ejemplo, Norsmann-Wiluna Belt (Oeste de Australia).
La mayoría de erupciones fisurales ocurren a lo largo de las dorsales oceánicas, como por ejemplo en Islandia.

Volcanes de escudo.

El Kilauea (Hawaii) es un ejemplo de volcán de escudo terrestre, aunque en  Venus son más amplios y planos.


Domos térmicos (pancake).

Kilimandjaro.


Llanuras onduladas 

con frecuentes edificios volcánicos.

Encontramos campos volcánicos como la Mexican Volcanic Belt.


Coronas 
Sólo observadas en Venus.

Luna

Los maria
Similar a los Columbia Plateau. 

Tubos de lava.
En Lanzarote (Islas Canarias, España) existen tubos de lava de más de 6 kilómetros de longitud.

Grandes coladas de lava de centenares de kilómetros.
Komatiitas.

Marte

Las zona septentrional está formada por grandes planicies asociadas posiblemente a vulcanismo fisural.
La meseta del Deccan (India)

es un claro ejemplo de vulcanismo fisural. 

Se observan dos provincias volcánicas importantes (Tharsis y Elysium) situadas sobre domos coronados

 por volcanes de escudo.
El volcán de escudo de mayor altura (27 km)

 es el Olympus Mons.

El de mayor diámetro es el Alba Patera, con 1600 km.
Los volcanes de escudo son similares a los marcianos, por ejemplo el Fernandina (Islas Galápagos), pero son de menor tamaño, debido a los movimientos

 de las placas tectónicas. 

El volcán de escudo de mayor altura, con 10 km, es el Manua Kea (Hawaii).

Pateras
Sin paralelo en la Tierra.

Cúpulas (Tholi)
Sin paralelo en la Tierra.

Un ejemplo particular de morfología es el Apollinaris Patera, con una caldera de 100 km y una zona de fracturas radial parecida a las zonas de rift de los volcanes hawaianos.
La caldera Toba en Indonesia, formada hace 80000 años posee un diámetro de más de 50 kilómetros. Un ejemplo menor es El Crater lake (Oregon, EE.UU.).

Ío, satélite de Júpiter

Vulcanismo casi exclusivamente explosivo, 

aunque también encontramos coladas.
En la Tierra encontramos vulcanismo explosivo en la actividad estromboliana (Stromboli, Italia), vulcaniana (Vulcano, Italia), pliniana (Vesubio, Italia) y peleana (Martinica, Pequeñas Antillas).

Penachos eruptivos de grandes dimensiones asociados a puntos calientes
Las dimensiones de los penachos no son tan grandes debido a las diferentes condiciones terrestres.

Europa, satélite de Júpiter

Criovulcanismo.
Sólo observado en satélites de planetas gigantes.

Probables erupciones de agua y

 vapor tipo géiser asociado a fisuras.
En la Tierra encontramos abundantes géiseres como,

 por ejemplo, en Yellowstone (EE.UU.)

Ganímedes, satélite de Júpiter

Criovulcanismo.
Sólo observado en satélites de planetas gigantes.

Material exhalado a partir de estructuras en surco.
Semejante a las dorsales oceánicas.

Encélado, satélite de Saturno

Criovulcanismo.
Sólo observado en satélites de planetas gigantes.

Estructura estriada

 asociada probablemente a erupciones fisurales de agua. 
En la Tierra la actividad volcánica ligada a la presencia de agua se denomina Hidromagmática (Edificio Roque Nublo, Gran Canaria, España) y 

Surtseyana (Surtsey, Islandia).

Miranda, satélite de Urano

Criovulcanismo.
Sólo observado en satélites de planetas gigantes.

Se observan coronas similares a las de Venus, pero parecen de origen tectónico y no estructuras volcánicas deformadas.
Exclusivo de este satélite.

Tritón, satélite de Neptuno

 Se distinguen fumarolas oscuras causadas probablemente por erupciones de nitrógeno líquido, tipo géiser.
En la Tierra encontramos fumarolas en numerosas áreas volcánicas, como en el Etna (Italia).

Referencias

Anguita, F., (1993): Geología planetaria  -Ed: Mare Nostrum, S.A. 132 págs.-

De Pablo, M.A., Sánchez-Toscano, J., (2001): Vulcanismo en el sistema solar.  -Tribuna de astronomía y universo, II Época Nº 28: 22-27.-

Hartmann, W., (1983): Moons and Planets. -Ed: Wadsworth (California, EE.UU.). 519 págs.-

JMF

Main physical properties of larnite-rich materials: The Getafe rock
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The small, icy Uranian moon Miranda is characterized by two different kinds of terrain: ancient cratered plains and three resurfaced areas, trapezoidal to ovoid in shape, called coronae. These young features have no known counterpart in the Solar System, and their origin is still not understood. It was suggested that an extrapolation of the population of large, ancient craters recorded on the Uranian satellite Oberon inward to the inner satellites would imply a cratering over-saturation of the inner satellite surfaces. This means that Miranda (which is the innermost of the five mayor Uranian moons, and consequently the most affected by the gravitational focusing of Uranus) could have been disrupted by large impacts. After a disruption, the satellite would have been reaccreted, and the process of disruption and reaccumulation could have taken place several times over the history of Miranda. During the last reassembly, dense, proto-Miranda fragments would have impacted on the surface of the moon and sunk slowly through its mantle. Each corona would have resulted from the concentric, compressive, tectonic stress field induced on the base of the lithosphere by the convection cell generated in the mantle by one of these sinkers. A revision of this catastrophic hypothesis follows.

Taking into account the diameter of the largest craters on Oberon and Titania, the gravitational focusing of Uranus, and crater size scaling relations, it can be shown that large enough impactors existed in the Uranian system to produce craters on Miranda with diameters comparable to Miranda’s own diameter. However, it is not clear whether such impacts would be able to disrupt Miranda or not. Moreover, the actual probability of such an event is also unknown.

Numerical models have shown that the reaccumulation of Miranda following a disruption event is a fast process (about a few thousand years). Crater counts indicate that coronae are several billion years younger than the surrounding cratered plains, so if Miranda was disrupted and reaccreted, coronae could not have been formed as a result of reaccretion, because they would be almost identical in age to the neighbouring terrains. Furthermore, there is not any known feature on the surface of Miranda unequivocally interpreted as formed by disruption or reaccretion.

New cartographic projections of coronae and a careful examination of their tectonic structures show that, contrary to current scientific consensus, coronae are not concentric in shape. They display a complex set of tectonic features, which includes extensional, compressional and strike-slip belts. Therefore, they do not correspond with the concentric, compressive, tectonic expression expected from the sinking of dense impactors through Miranda’s mantle.

A new hypothesis for the origin of Miranda’s coronae is currently being outlined, supported by previous approaches that apply familiar tectonic processes to the icy composition and low gravity of Miranda. Meanwhile, it can be concluded that the catastrophic hypothesis for the origin of coronae appears to be the most complex and unnecessary, so, applying the Ockham’s Razor, it should be rejected.
Impact cratering record in Spain: A review of recent results
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The Earth's geological record presents ample evidence for craterization and meteorite impacts. This evidence consists of (a) geomorphic features resulting from crater excavation and collapse (bowl shape, elevated rim, scarps, landslides, central uplift, etc.), (b) tectonic and metamorphic structures related with craterization and shock deformation of the target (fracturing, folding, shattering, shocking, etc.), and (c) newly-formed igneous, metamorphic and sedimentary rocks, including distal ejecta and geochemical anomalies in the sedimentary record.


In this work we review some of the latest published results relating the evidence for meteorite impacts present in the geological record of Spain. The only relatively well-preserved crater morphology is the one at Hervías (La Rioja), although it is still unproven, and more research is needed to test its tectonic or impact origin [1]. A review of the evidence in the sedimentary record [2] revealed that the only proven ejecta is found at the Cretaceous-Tertiary boundary (Zumaya, Agost, Caravaca). A review of the evidence for an impact origin of the Azuara basin [3] revealed many inconsistencies in the impact hypothesis, favoring a tectonic origin and the withdrawal of this site from impact databases [see also: 2, 4, 5]. A reassessment of pumiceous glass from El Gasco (Las Hurdes) revealed the presence of high-temperature and high-pressure mineral phases indicative of an impact origin [lechatelierite, hercynite, ferroan ringwoodite (iron silicate spinel), iron droplets], and allowed to discard a volcanic or anthropogenic origin [6, 7].


Two overall conclusions may be drawn from these latest results with respect to future research: (a) an impact origin should not be assigned unless truly contrasted and unequivocal evidence for impact metamorphism has been found, and (b) the geological record of Spain offers a good potential for studies, and much more research is yet to be done. The quest for evidence for meteoritic impacts in Spain has only begun.
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Target influence on the shape of impact craters: implications for estimates of planetary paleoenvironments.
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An impact crater has the advantage over other geological structures that both its shape, and the processes that formed it, can be calculated. This allows interpretations of the properties of the target material, the environment at time of impact, and the processes that have reworked the crater after its formation. Impact craters are traditionally classified based on a transition from “simple” (bowl-shaped) into “complex” craters with increasing expended energy at impact (see Melosh 1989 and references therein). Complex craters are generally characterized by collapsed rim and a central uplift, although the group spans morphologies up to the largest multi-ring structures and basins. The formation of the impact crater has been divided into three main stages “contact and compression”, “excavation”, and “modification”, although the process is gradual (Melosh 1989). The evolution to a “simple” or a “complex” crater morphology is determined by the amount of crater collapse that occurs during the modification stage.  Before the collapse, craters of different sizes expand in a similar way until the “transient crater” is developed (maximum depth reached). Hence the on-set diameter between simple and complex craters depends on the gravitational force of the targeted object (the weaker the greater is the on-set diameter), but also on the strength of the target (weak targets give smaller on-set diameters). For great impacts the crater is less influenced by the target strength. It depends on the material response to the shock. Smaller crater are therefore better indicators for target properties. When a crater forms in a solid or non-compressible target material displacement and fracturing will cause a volume increase at the crater rim. An uplifted rim is developed. On top of this rim excavated material will contribute to the rim height. The relations between crater diameter and rim height etc are so well known that they can be described in equations (see Melosh 1989). There are, however, several exceptions to this “standard” crater model. In this work I focus on craters from impacts into layered targets with water covering a more rigid basement, as well as craters in compressible targets. The first instance is well exemplified by the Middle Ordovician Lockne crater, Sweden. Geological data combined with numerical modeling (Ormö et al., 2002a) has shown that the basement crater at Lockne is strongly influenced by the water that covered the area at time of impact. The basement crater is 7.5 km wide. It is surrounded by up to 3 km wide flaps of excavated basement rocks that in their distal parts partly covers the tens of meters thick, mostly consolidated sediments that existed between the water and the crystalline basement. Before deposition of the flaps a shallow excavation flow swept away most of the more proximal sediments. The basement crater has a poorly developed elevated rim. With the modelling a relation between water depth and crater shape was established, which gave a water depth of somewhat less than 1000 m.

In the recently discovered 140 m wide Sirente crater, Italy (Ormö et al., 2002b), the target was clay. The crater has an elevated rim of excavated material, but lacks structural uplift. Instead the volume of the target clay has decreased in a zone near the crater rim. Drilling indicated a compaction of the clay, likely due to the shock from the impact.

Deviations from the “standard” crater shape can be used to estimate target properties at time of the impact. This is useful for paleoenvironmental reconstructions of planets, especially where interpretations are restricted to remote sensing and, hence, the search for areas where life may have evolved.
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Riesgos de impactos meteoríticos
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Se ha estimado que, por término medio, una vez cada pocos cientos de años la Tierra es alcanzada por un objeto de unos 70 metros de diámetro; cada diez mil años nos golpea un objeto de unos 200 metros, y cada millón de años se produce el impacto de un cuerpo de más de 2 km de diámetro. Por último, cada 100 millones de años tiene lugar una catástrofe como la que sucedió hace 65 millones de años, en el límite Cretacico-Terciario (límite K-T) cuando se produjo el choque de un cuerpo de unos 10 km de diámetro o más contra nuestro planeta. 

Recientemente se han producido alertas en la comunidad científica internacional sobre el posible acercamiento de cuerpos asteroidales (2002NY40 y 2002NT7) que podrían suponer un riesgo real de impacto.
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THE POPULATION OF NEAR EARTH ASTEROIDS IN THE 1:1 MEAN MOTION RESONANCE WITH THE EARTH
M.H.M. Morais (Lisboa, Portugal) & A. Morbidelli (Nice, France)

The solar system small bodies that have orbits  with perihelion  inside 1.3 AU and aphelion outside 0.983 AU are called Near Earth Objects (NEOs). These can be asteroids, in which case they are called Near Earth Asteroids (NEAs), or either active or extinct comets. NEOs have very chaotic orbits as they can experience several close approaches (and eventually a collision) with the inner planets. There is evidence of several impacts from NEOs on the Earth's surface. In particular, it is  thought that the extinction of the dinosaurs that occurred about 65 million years ago was caused by an impact of one of such objects with about 10 Km in diameter.

A model for the size and orbital distribution of NEAs has been recently developed (Bottke et al. 2000). This is based on 2 assumptions: 1) the NEA population is being supplied in a steady-state by certain sources in the main belt; 2) the size distribution obeys a single parameter (source-independent) law. The orbital evolution of thousands of test bodies initially located at the various main belt sources is then followed as they become NEAs. The size and orbital distribution of NEAs is then obtained by comparison between the statistics of the simulations and the available data corrected for the observational biases.

This NEA model seems to be in excellent agreement with the observations within semi-major axis 2.5 AU,a region where the contribution from the comets is negligible (Bottke et al 2002). However, this model  still cannot provide us with information about the sub-populations of NEAs that have very special orbital configurations. This is the case of the objects with semi-major axes near 1 AU that are temporarily trapped in the 1:1 mean motion resonance with the Earth as for example the recently discovered NEA (3753) Cruithne (Wiegert et al. 1998).

Therefore, we refined the NEA model in order to obtain the size and orbital distribution of the NEAs that are expected to be in the 1:1 mean motion resonance with the Earth. We predict that the number of such objects with diameters larger than 1.1Km and 170 meters is 0.65+-0.12 and 16.3+-3.0, respectively , i.e. this sub-population represents about 0.1% of the total population of NEAs. Finally, we mapped the distribution of these objects in the sky and found out that they are spread over a wide sky area and spend most of their time away from opposition which poses difficulties for observational searches. This work is described in more detail in Morais & Morbidelli (2002).
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