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PREFACE
Spherules as messengers of cosmic events and arguments of cosmic evolution

Today it is obvious that the main events in the Earth history have cosmic origin,
because the Earth is not a closed system, but a mirror of cosmic events, an inseparable part
of the Universe. The most sensible part of the Earth is the Living World, which is a unique
system. Except for our planet we do not know similar systems. Evolution, as a progress is
both continuous and discontinuous. As a whole, it is the process leading from the inferior
being to the superior ones, but at the same time it is composed of well discernible discrete
phases. These discrete phases are associated with cosmic events, which could be
catastrophes, reflected by comparatively short transitions between the great geological
periods The chronology of the Earth is based on the history of Living World which has
produced the most selective time scale as compared to other planetary time scales. The
related main interstellar and interplanetary events are regarded as catastrophes because
they have brought about real catastrophes in the terrestrial Living World, the Biosphere.
Consequently, the term "catastrophe"” is a typical biological and terrestrial concept. Parallely
with the paleobiological data, the second most important tool of geohistorical reconstruction
is the extraterrestrial spherules, which are direct materialistic messengers of the cosmic
catastrophes and can nail through the different paleobiofacies. Concerning this classification
the IGCP 384 during its first two years of existence has produced excellent pieces of
information, e.g. in the distinction of interstellar, interplanetary and terrestrial spherules.
The catastrophes were detected in the living world, but the manner of the catastrophes are
proven by the spherules.

Csaba H. DETRE
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Earliest Cambrian microspherules from the Vindhyan Basin,
India and their geochemical features
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1) Geological setting

During the micropaleontological investigation of the marine Earliest Cambrian Lower
Vindhyan succession of the Maihar area of Satna district, Madhya Pradesh, discovered (Dr.
Azmi) abundant magnetic and non-magnetic microspherules and microtektites from the
Indian Peninsula. They occur at two levels, one in a 3 cm thick dark grey ash layer and the
other about 55 cm higher in the light grey, fine grained thinly bedded limestone in the same
section belonging to the uppermost part of the Rohtas Formation of the Semri Group (Lower
Vindhyan).

The ash layer contains abundant small size microspherules (<300 pm) and
microtektites of both magnetic and non-magnetic types. The magnetic types are essentially
black to brownish black while the non-magnetic ones vary from black to white and
translucent to clear, and are glassy in nature. Their shapes vary from regular spheres, to
irregular spheroids. Tear drop and dumb-bell spherules are also present. SEM
photomicrography shows smooth to microcrystalline surfaces often with blisters and
vesicles. Broken spherules show hollow interiors often with smaller spherules attached to
the inner side of the wall and partitioned inner cavities. Both thin and thick walled
microspherules are present, latter with cavernous wall. A few partially solid spherules show
the evidence of breakage. Numerous surface bubbles, irregular bulges and pits are present
in the irregular spheroids. Translucent glassy microspherules often show internal bubbles .
Gas escape structures with raised rims and wrinkles are quite common in smooth type thin
walled microspherules and microtektites. Densely distributed small pits and pores are
present in some rare microspherules of magnetic type. Highly magnetic black fibrous flakes,
microgranular layered grains welded with smooth blistered spheroids, and black fractured
(brittle) obsidian grains are seldom present. Rare zircon crystals have also been
encountered.

The microspherules recovered from a 1 kg limestone sample through etching with
10% glacial acetic acid are extremely rare (only two). These are regular type non-magnetic
metallic spherules of fairly large sizes (about 800 wm) with bright silvery lustre which
distinctly differ (in physical properties] from the spherules encountered in ash layer below.
The non-smooth surface with seldom small pits under SEM shows crystalline facets with at
least two sets of oblique cleavages. Due to rarity of the specimens the interior nature of
these spherules could not be ascertained.

The general morphology and the ultrastructural details of the microspherules and
the microtektites from the ash layer suggest their origin certainly from the molten state and
a lot of aerodynamics should have been involved in shaping them. The occurrence of the
magnetic and non-magetic microspherules and microtektites together in the ash laver
suggests their origin possibly from impactiig of an iron meteorite.
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2) Geochemical results

We were analyzed six microparticles from the collection by energy-dispersive X-ray
analyses (SEM-EDAX). Two of six were non-magnetic (DG3A1,DG3B1) and four of six were
magnetic types (DG3C1-D1, DG3E1, DG3F1, DG3G1-3).

DG3A1_|DG3B1__|DG3C1 _|DG3D1_|DG3F1__|DG3G1 |DG3G2 _|DG3G3

Mg 4,68 1,38| 10,16] 7,00|
a1 3851 3536] 33,72[ 2495] 3329] 34,44] 16,58 23,87
Si 52,54 4366] 52,72 31,73] 56,85 50,67| 21,81  42,14|
S 24,65

K 2,56| 7,03| 2,11 6,65 1,18] 0,52}
Ca 0,62| 0,42] 0,68| 8,05] 4,32] 0,57] 1,52| 0,87}
ITi 7,50) 2,32] 1,24] 7,12] 1,38| 1,57] 0,37 0,53}
Mn 0,76] 25,07
Fe 0,83[ 11,00 3,21 3,49] 2,03] 0,10]_47,62|

3) Physical properties of the samples

1. DG3AL - shiny, black, non-magnetic, irregular shaped, 640x430 micrometers, blistery
structures with the more shiny inclusions. The analysis is from the latter. (At%)

2. DG3BI - shiny, dark brown, non-magnetic, near regular sphere, 227x200 microns,
blistery structures with many bubbles. In the bubbles many little sperules. The
analysis is from the matrix. (At%)

3. DG3C1 - matt, black, magnetic, irregular shaped 773x560 microns, blistery structures
with many little “disc” in the bubbles. The analysis is from the latter. (At%)

4.DG3DI - analysis from the DGRC1 matrix (At%)

5. DG3F1 - colourless, glassy, regular sphere, 350 microns diameter, with many bubbles.
The analysis is from the matrix

6. DG3G1 - shiny, black, magnetic, regular sphere with a central pit, 400 microns diameter,

with thick blistery wall, on the surface are "cauliflower-like" structure. The analysis
is from a surface bubble wall (At%)
7. DG3G2 - the analysis from DG3G1, the surface “cauliflower-like" structure (At%)
8.DG3G3 - the analysis from DG3G1, the wall matrix (At%)

4) Conclusions
The results above do not make possible an accurate genetic conclusion. Further
analyses of these Himalayan spherules are in action.

Meteorites from Hungary: Poster summary
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Most of meteorites from Hungary have origin in the XIX. century, in the Carpathian
Basin larger country. Because of their extremal richness in pieces at least in two cases:
Knyahinya and Mécs, reambulation of their strewn fields is an actual program. Our poster
summarizes these meteorite strewn-fields and the main characteristics of the meteorites
found or fallen there. The new Kaposfiired iron meteorite (fell, 7th May, 1997) has been also
added to the list.

LIST OF METEORITES FROM HUNGARY: (LONDON CATALOG + KAPOSFURED)

1 BORKUT Maramaros c. | 1852.0ct.13. | Chondrite L5
PR KABA Hajdu-Bihar | 1857.apr.15. | Carb.chondrit | CV3
c e
3 KAKOWA Transylvania_| 1858.may.19. | Chondrite L6
4. KISGYOR Borsod c. 1901 found _| doubtful -
5L KISVARSANY |Szabolcs c. | 1914.may.24. | Chondrite | L.
6. KNYAHINYA | Nagybereszna | 1866,jun.9. | Chondrite | L5, brecciated
,Unge.
7 LENARTO Saros ¢ 1814 found _[Iron A
8. MAGURA Arvac. 1840 found | Tron A
9 MALOM- Minnichhof, | 1905.may.27. | Chondrite
HAZA Sopron c.
10. MEZO- Maros-Torda |1852.sep.4. | Chondrite L3,
MADARAS  |c brecciated,
Transylvania xenolithic
T MIKE Somogy ¢ 1944.may 3. |Chondrite | L
128 MIKOLAWA? |Szatmarc. ? |1837jan.15. |doubtful -
(MIKOLA?)  |or Hajdu-
Bihar c.
13. MISKOLC Borsod c. 1559 fall doubtful, -
stone
14 MOCS Kolozs c. 1882.feb.3. | Chondrite L6
15, NAGY- Lipto c. 1895.may.9. | Chondrite Ls
BOROVE
16. NAGY- Trencsénc. | 1837jul.24. | Chondrite H5
DEVENY
17 NAGY- Veszprém c. | 1890 found | Iron A
VAZSONY
18. NYIRABRANY |Hajdu-Bihar |1914.jul.17. |Chondrite LLS
5
19. OFEHERTO | Szabolcs c. 1900.jul.25. | Chondrite L
20 OFEN-BUDA | Pest-Pilis-Solt | 1642.dec.2. | doubtful -
c
21 OHABA Also-Fehér c._|1857.oct.11._| Chondrite HS
[22 ZSADANY __|Temes c. 1875.mar.31._| Chondrite H5
23 KAPOSFURED | Somogy c. 1995.may.7._|Iron VA
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Solar System Spherule Stratigraphy: Sketch
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SUMMARY: The Stratigraphy of the Solar System can be extended by using the
recently discovered spherule horizons. In this program spherules are the object for
correlation. We used the determined and undetermined (but probable) units which contain
characteristic groups of spherules as inclusions. After reviewing the stratigraphic principles,
the main types of spherule inclusions are discussed, and then we arrange the main spherule
horizons in the Solar System. 2

PRINCIPLES - HISTORICAL: The two independent evolutionary processes, which are
mutually projected onto each other, were 1) Steno’s principle of superposition (rock-bodies
on a planetaty surface), and a parallel independent succession (on the Earth by fossil
inclusions in strata) of inclusions. (The law of Faunal Succession by W. Smith.) Mutual
projection of these two evolutionary sequences resulted in: 1) biostratigraphy on geological
side, 2.) Darwin-Wallace’s phylogenetical evolution on the biology side.

Spherules are inclusions with characteristic shape and composition. When we want
to search correlation between planetary strata, spherules are useful candidates. it fulfills the
requirements of correlation in stratigiaphy used in comparing layers in the Solar System

PLANETARY STRATIGRAPHY: Stratigraphy of the Moon was the first, extension of
classical terrestrial correlation, developed by Shoemaker et al. [1], Wilhelms [2], and others.
There the new kind of ,inclusion” needed for correlation of geologic time were craters, which
fulfilled many requirement for inclusions, They occurred with great multiplity and with own
formation and degradation history on lunar strata. Craters were promisful for extension the
method to other planetary bodies. Spherules from large enough impacts may be
representative inclusions of the ejecta layer such way forming spherule horizons.

EXISTING MICRO-MATERIAL STRATIGRAPHY FOR CHONDRULES: In meteoritics a
characteristic inclusion of chondrules could extend stratigraphy and could connect the
macrascopic material system of parent body with the degradational history of the
chondrules: individual inclusions, once molten droplets of silicates. The Van Schmus-Wood
3] classification used up the slow transformation (metamorphosis) of these interplanetary
fossils (chondrules). Their obscuring in the texture (by diffusion) by thermal transformation
in the parent body. Chondrules may be used mostly to the stratigraphy of minor planets of
which meteorites are fragments by collisions. :

SPHERULE HORIZONS ON EARTH: Although deep sea spherules were discovered in
the last century spherules began to play the role of inclusions in stratigraphy by their lunar
counterparts: lunar spherules [4]. On the Moon they were of two origin: impact and volcanic.

The role of spherules in terrestrial stratigraphy formed since the last century but
mostly after discovery of role of impacts on Earth, during the last 3 decades. Both as deep
sea and rain residual types were knon, they were found in Antarctic ice. The IGCProject 384
formulated the goal to use them as new tool for correlation [5]. It is an important goal of
spherule horizons on Earth that they can be used even in Archaicum [6-8].
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THE 5 MAIN SPHERULE TYPES: Common shape of spherules: once they were
molten. But their composition and environment also contributed to their final form and
composition. In our spherule stratigraphy overview the following basic types will be used:

- Refractory spherules from carbonaceous chondrites (Murchison, Allende, Kaba),

- Chondrules from stony meteorites,

- Spherules from the Moon: a) with impact origin (lunar samples and lunar
meteorites), and b) with volcanic origin (lunar samples),

- Terrestrial spherules with impact or cosmic fragmentary or dust raining processes,

- Terrestrial industrial spherules.

1. THE SPINEL-RICH SPHERULES: Although in the time sequence refractory
spherules begin Solar System's spherule stratigraphy, they were the last spherule types,
discovered (first in the form of white inclusions (9-12], especially in spherule form (13])
Detailed description of the spinel-rich spherules began with those of Murchison CM2, (as
peculiar chondrules [13)). By their chemistry, they were related to the refractory inclusions
in carbonaceous chondrites, [20] and their spherulitic shape and inner texture suggested
molten origin. Many spinel-rich, spinel-perovskite, spinel-hibonite and spinel-melilite
spherules were later described mostly from Murchison, but later from Allende, too (14-16].
Today refractory spinel-rich spherules are known from more than a dozen carbonaceous
chondrite [17-19]. The new KABA thin section [18] with large surface made it possible for us
to look for them, mainly according to their characteristic size and form. Our spinel-rich
spherule is in the rim region of a larger (2 mm diameter) chondrule. The spherule has 150
micrometers diameter, its inner core region is lighter pleonaste, the darker outer belt is Mg-
Al-rich spinel. Pleonaste contains 5 micrometer sized perovskite grains. Models conclude
that spinel-rich spherules might have been destillated from presolar materials, origined by
their melting and Wark-Lovering type rims later deposited onto these refractory spherules
[19-21]. Enclosed into the C2 and C3 chondrites they represent a first spherule stratigraphic
unit in the Solar System.

1I. CHONDRULES: Chondrules are well known, their main classification came from
the end of the last century: granular, porphyritic, barred olivine, radial pyroxene, glassy
types. Their sizes vary between 0.1 and 10 millimeter. Their age shows they represent the
early solar system events: probably a) early heating (flares) b) interactions (i.e.drag) during
formation of the Sun, condensation of the solar nebula. Brecciation by collisions of
planetesimals formed chondrule horizons in the Solar System [22]. Over known chondrites
from Hungary (Mez6-Madaras, Mdcs, Kaba, Knyahinya) (We note: spherule was found in
62295 lunar sample [23].)

Il LUNAR SPHERULES: Both two types of Lunar Spherules: those with impact
origin and and those with volcanic ones occur in the NASA Lunar Sample Thin Section Set
[24-27). Volcanic spherules represent Lunar thermal history events, impact ones represent
the outer, solar system events by their age. Volcanic spherules are regional occurrences
(orange soil, [28]), Imbrian impact spherules [26] form a large dataplain on the Moon, could
reach Earth in lunar meteorites, so they become representative members of a Solar System
spherule horizon.

IV. TERRESTRIAL SPHERULES: Terrestrial spherules are important new tools in the
archaicum, and are used as new horizon defining inclusions, related to tektites [29-32], and
extended fo the important stratigraphical boundaries like as C/T and recently to P/T
boundaries, and related to Tertiary impact events like as that of Ries crater in Germany (37],
and other impacts from the phanerosoic past (-8, [29-45]. The following examples will be
shown: - Late Devonian (Frasnian Famenian) hor. [42], :

- Permiani-Triassic boundary horizon [45],
- Late-Eocene spherale horizon,
- Spherule horizons in the Carpathian Basin (5]
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V. TERRESTRIAL INDUSTRIAL SPHERULES: They are contaminants in recent
reasearch, but in the future they may be objects of research on other planetary surfaces,
too.

ACKNOWLEDGEMENTS: Supported by the HJSTC 31/96, and OMFB 96-97-47-
1265-MUI-TP-055/96 (ELTE 33131/6) , and also by OTKA T 025461 grants.

References

[1] Shoemaker E.M., Hackman R.J., Eggleton R.E. (1962) Advances Astronaut. Sci. 8.
70, [2] Wilhelms D.E. (1987) U.S.G.S. Prof. Paper No. 1348. Washington, [3] Van Schmus W.
R. & Wood J. A., (1967) GCA 31, 737; [4] Lindsay J.F. (1976) Lunar Stratigraphy and
Sedimentology. Elsevier, [5] Detre Cs., Bérczi Sz., Lukdcs B. eds. (1996) Spherules and
Global Events, KFKI-1996-05/C, [6] Simonson B.M., Beukes N.J., Hassler S. (1996) LPSC
XXVIIL 1323, [7] Lowe D.R., Byerly G.R. (1986) Geology 14, 83; (8] Byerly G.R., Lowe D.R.
(1994) GCA 58, 3469; [9] Tordk J. (1858) Ann. Phys. Chem. Poggendorfl, Ser IV. 15, 329;
[10] Sztrokay K., Tolnay V., Féldvari-Vogl M. (1961): Acta Geol. Hung. 7. 17, [11] C. Michel-
Levy (1968) Bull. Soc. Fr. Mineral. Cristallogr. 91. 212, [12] Frost M.J., Symes R.F. (1970)
Mineral. Mag. 37, 724, [13] Macdougall J.D. (1981) Geophys. Res.Lett. 8, 966, [14]
MacPherson G. J., Bar-Matthews M., Tanaka T., Olsen E., Grossman L. (1983) GCA 47, 823;
[15] MacPherson G. J. et al. (1984) JGR 89, Suppl. C299, [16] Hashimoto A. & Grossman L.
(1987) GCA 51, 1685, [17] Cohen R. (1985) Met. Soc. Meet. Bordeaux, [18] Kubovics L., Gal-
Selymos K., Bérczi Sz., Ditréi-Puskas Z., Nagy B. (1998) LPSC XXIX. 1120, [19] Kornacki A.
S., Fegley B. (1984) JGR 89, Suppl. BS88; [20] Kornacki A.S. Wood J.A.(1984) JGR 89,
Suppl. BS73; [21] Fegley B., Post J. E. (1985) EPSL 75, 297; [22] Scott E.R.D., Lusby D., Keil
K. (1985) JGR 90, Suppl. BS137; [23] Roedder E., Weiblen P.W. (1974) LSC V. 639; [24]
Meyer C. (1987) NASA Cur. Br. Publ. No. 76. Houston, [25] Norris, J.A., Keller, L.P., McKay
D.S., (1992): Workshop Geol. Apollo 17 Landing Site, LPI Techn. Rep. No. 92-09, Part 1. 44,
[26] Symes S.J.K. (1997) LPSC XXVIIL. 1405, [27] Taylor S.R. (1973) Earth Sci. Rev. 9. 101,
[28] Pieters C., McCord T.B. (1974) LSC V. 605, [29] Li C-L., Ouyang Z-Y., Liu D-S., An Z-S.
(1989) Science in China, 36, 9. [30] Glass B.P., Burns C.A., Crosbie J.R., DuBois D.L. (1985)
JGR, 90, Suppl. D175, (31] Iwahashi J., Yoshida M., Miono S., Santosh G., Santosh M.
(1991) Proc. NIPR Symp. Antarct. Meteorites, 4, 420; [32] Miono S., Ono H., Nakayama Y.,
Shoji M., Nakanishi A. (1991) Proc. NIPR Symp. Antarct. Meteorites, 4, 436, [33] Kotaro
Ishida, Masayuki Yamashita, Hiroaki Ishiga (1992) Geol. Rept. Shimane Univ. 11, 39; [34]
Téth 1, Detre Cs., Solt P., Don Gy., Dosztaly L., Siegl-Farkas A., Uzonyi L, Bérczi Sz.,
Lukacs B. (1997): LPSC XXVIII. 179, [35] Murray J., Renard A.F. (1891): Rep. Sci. Res. of
H.M.S. Challenger, 1873; [36] Koeberl C., Hagen E.H. (1989): GCA, 53, p. 937. [37] Sears
D.W.G., S. Huang, Akridge G., Benoit P. (1996) LPSC XXVIL 1165, (38] Delano J.W.,
Lindsley D.H. (1982) GCA, 46, 2447, [39] Zbik M, Gostin V.A. (1994) ANTARCTIC
METEORITES XIX. 169; [40] Raukas A. et al. (1996) in: Spherules and Global Events, KFKI-
1996-05/C, 59, [41] Tazawa Y. et al. (1995) Proc. NIPR Symp. Antarct. Meteorites, 8. 249;
[42] Claeys P., Casier J-G., Margolis S.V. (1992) Science, 257, 1102; [43] Girad C., Robin E,
Rocchia R., Froget R., Feist R. (1997) Palaeo, 132, 391; [44] Zolensky et al. (1997) NASA Up.
Atm. Cat. JSC, Houston, [45] Miono S. et al. (1998) LPSC XXIX. 1029.pdf,




[image: image10.jpg]Annual Meeting of the IGCP 384: Budapest, 1998 9

Construction of hunveyor, a planetary lander probe to study
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ABSTRACT: On EGtvés University, Budapest, we have courses on Planetary Science,
Cosmopetrography and Technologies. In a new program (Bérczi et al, 1998) we synthesized
these courses in a constructive Subject: Building Hunveyor. Our synthesis embraces
planetary science, technology and robotics. Hunveyor is a Surveyor like planetary lander
space-probe, which is the platform for many new instruments planned by students for
specific planetary conditions. Especially collection of cosmic dust (and in it spherules).

PRINCIPLES: In the foundation of our program three main blocks of principles formed a
framework to construct the planetary lander: Hunveyor. One was planetary geology, i.e.
Wilhelms [2], second was knowledge about technologies, (i.e. Bérczi et al. 1992, 1995, [3)),
and the third was planetary probe construction and operation, (i.e. Nick [4]). This last one
also involved the principles of measurements and results on the example lander Surveyor
(The Surveyor Investigator Teams [S]). Here we exhibit the main branches of our program,
focusing on cosmic dust collection aspects.

1. PLANETARY GEOLOGY, MEASUREMENTS ON THE SURFACE: First: stratigraphy of
lunar geology selected those principles of terrestrial geology, which should be used when we
extend terrestrial stratigraphy to Solar System scale [6]. Identification of surface rock units
by their optical properties and morphologies, later use of landers and other space probes
(Surveyor, Luna, Viking) showing more detailed surface. Characteristics of surface: by
physical :

- mechanical properties: strength, rigidity, porosity, depth of regolith, depth of surface
powder, roughness of the soil and the largest blocks scattered on the surface, ie.
Christensen et al. [7], Choate et al. [8], Scott et al. [9], Scott et al. [10];

~ optical properties to be studied by a television camera are: relative albedo, roughness,
crater density, smoothness, height of the highest elevation in the vicinity of the lander,
average inclination of landscape, i.e. Shoemaker et al. [11], [12];

~ thermal properties are: surface rock temperatures, thermal conductivity, i.e. Lucas et al.
13), Vitkus et al. [14], .

- magnetic properties by passive magnet contacts. We intended to supply our space probe
with measuring instruments for all these propertics. We had a rich literature about earlier
works of the Surveyor and Viking missions (5], [15].

2. TECHNOLOGIES: The design of space probes needs a synthesis of processes working
together. Traditional technologies are mainly sequential, or/and parallel. The irreducible
representation of traditional processing technologies (Bérczi, Cech, Hegyi, 1991, [16], a
forced (constrained) path motion description) could be developed into a chess of a cross-
effect matrix (the ,technology/environment chesstable” [17]), where the main interactions




[image: image11.jpg]10 Annual Meeting of the IGCP 384: Budapest

between natural streams and technology pollutions can be projeceted simultaneously,
showing their mutual dependence.

SPACE TECHNOLOGIES: In space technologies the main object of technologies is the data
from measurements. So our design of technology description should be adapted to the
network for data-handling in the computer system on board of space probe. One part of the
space technology will be some material flow, material transport through an instrument i.c.
the dust of planetary surface). Measurements transform these transports into data. The
other part of the technology on the space probe is this data-transformations. The essentials
of the material transports:

THE TECHNOLOGY/ENVIRONMENTAL CURRENTS CHESSTABLE: The benefit of this form
of interrelation of processes is a common field of processes for comparison and interaction.
The two different types of processes, technologies and natural streams, can be compared in
this relation-table, (a matrix(, which contains technologies in the horizontal rows of the
table, and natural currents in the vertical columns of the table. Similar type operations from
technologies, (cunsuming water, air, mineral resources, thermal stream etc.) as local
streams were arranged one above the other in the same column. One well studied aspect of
this relation table is that technologies pour pollutions to natural currents of the
environment. For example a well known events of water circulation evaporation,
precipitation, waterflows can be represented in this way. To all matrix elements we may
correspond 4 critical values for “pollution or treshold values of pollution in outpouring
streams. (Valuable comparisons for environmental/or life scientists.)

SPACE PROBE HUNVEYOR:IT IS A REPRESENTATION OF THIS MATRIX

Visible and comparable for technologies and planetary currents, this matrix forms a
valuable overview and educational benefit when comparison is focused on techmologies to be
settled onto a space probe, a lander type. The synihesis of this theoretical background and
constructive realisation is: a minimal, lander type space probe [18].

3. CONSTRUCTION OF THE HUNVEYOR: TWO LEVELS OF CONSTRUCTION -

We are building Hunveyor according to a two level program. In the first level we
made the lander's skeleton, energetics and on board computer with minimal space probe
experimental furniture like as televison camera with mirror, telescopic arm to mechanic
operations, thermal unit for environmental measurements and communication system for
these units. In the second level we plan to specify our space probe to local conditions. One
such condition may be Antarctic research, which later will be useful comparison for Martian
lander construction.

Tetrahedral skeleton of the load holding framework was the first unit we built. For a
minimal probe personal minimal environmental observing activities were copied: Televison
camera for visuality, telescopic arm to dig small graben to touch, temperature measuring
instruments to feel temperature around.

The electronic system uses parallel measurements (time-parted, priority selected
signal transport telemetrics). First we operated by regular electroniic network, later by cable
cennections, but we began to build the solar panel system as energy source. Later we
separate it from electrical network and also use radio electronic connection. This Surveyor-
like minimal probe, the Hunveyor, gave us many knowledge during construction, learning
and pleasure. The sceleton was made from copper tubes with 12 mm diameter. The first
robotics was constructed from the ROBOT EVOLUTION System of a Hungarian Engineer
Group in Eger.

4."COSMIC DUST COLLECTION ON HUNVEYOR TYPE TRAINING LANDER PROBE: We
began to construct special equipment of Hunveyor type lander robot for cosmic dust
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collection. Over the minimal probe (TV camera, robotic arm, thermal and magnetic detectors)
we plan to furnish the lander with a type of electrostatic system, where dust is both
transported and sorted. We measure dust between the condensator plates. We plan how
classical school experiments can be adapted to such a lander robot, like This part of robotics
initiative may develop not only constructive imagination of students but their attitudes for
synthetic viewing in planetary science.

SUMMARY: We connected in our educational program the planetary science with robotics
construction of a lander space probe. First we built a minimal probe, parallel we study
mostly lunar and Martian surface results, and in the second level we specify our lander to
different local use, of which one is a cosmic dust collecting system in many conditions.

ACKNOWLEDGEMENTS: Supported by OMFB 96-97-47-1265-MUI-TP-055/96 (ELTE
33131/96) grants.
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Some notes on Permian and Triassic mammalogenesis -
Sz. BERCZI', Agnes HOLBA?, B. LUKACS?, Eva PAPP?

1 Dept. of Petrology, R. Edtvos University, H-1088 Budapest, Mizeum krt. 4/a, Hungary,
2 Central Research Institute for Physics RMKI, H-1525 Bp. 114., Pf. 49, Hungary,
3 Dept. of Geology, University of Perth, 6009 WA Nedlands, Australia

INTRODUCTION

The 3 recent Australian egg-laying "mammals’ stand quite apart from the bulk of
mammalians. In some sense they are "archaic’, but some of their distinctive features are not
at all plesiomorphic. It is not yet a settled question if the last common ancestor of them and
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the others had reached the mammalian grade, and the way of their locomotion is more
conservative than of some of the first mammals’ from basal Jurassic. It seems that egg-
layers represent an evolutionary path which was roughly parallel with the our one, and so
the effects of external factors may be observed independently on both lineages.

CHRONOLOGY OF MAMMALOGENESES
Observe the gradual development of so called "distinctive mammal properties”
numbered here from 1 to 39; the time of appearance is shown on the first Figure:

Property Monotr. First synapsid occurrence
Teeth

Differentiation to:

1 precan., canines

& postcanines 4 Dinocephalians, 268, K

Zincis., canines,

& postcanines ¥ Dvinia, 233, K

3 premol. vs. mol. Y, PH Cynognathus, 216, K

Occlusion by:

4Incisors ? Dinocephalians, 268, K

5 Molars ¥ Diademodon, 216 o
Cynognathus, 216, K

6 Canines! ? Pachygenelus, 18223, K

7 Cusps on molar
in triangular (or

descended) pattern N Pachygenelus, 1822:3:4, K
Kuehneotherium, slightly later?, K

8 Diphyodonty ¥? Eozostrodon, 182?, K .

9 Prismatic enamel Y Tritheledonts, 182; Eozostrodon,
182, K

Lower jaw hinge

10 Secondary, to

squamosum too s Diademodon, 216, K

11 Secondary,

Sq/D too Y. ProbainognathusS, 205

12 Primary,

"reptile” Ar/Q lost e Symmetrodonts, cca. 1502
Eupantotheres after 15076, K

Lower jaw

13 Angulare leaves

jaw? Y Upper Cretaceous? 110

141 bone Y Multituberculates, 15078

15 Triang. motion

at mastication N Morganuconodontid and Kuehneo-
therid common ancestor, >182, K

Skull .

16 Postorbital bar

vanishes i Tritylodontids & tritheledontids,
cea. 190, K

17 Prefrontal

vanishes Y Tritylodontids, cca. 190, K

18 Side wall with

large alisphenoid i NUAcCY Cynodonts from 233? K

Ear

19 Malleus & incus ¢ Eupantotheres after 15020

20 Tympanic from
angulare10 X Primitive Eutheria? Cretaceous?11
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Neck

217 cervic vert.12 Y, HP Procynosuchus, 236, K
22 Cervic ribs

absent N 110?13, 14

23 Atlas-axis fused Y 150215

Rump

24 Costal plates

absent an ribs Y Exaeretodon, 192, K

Limbs & girdles
25No independent
coracoid N 110?16, 17 g

26 No interclavicle N 150216
27 Humerus roughly
vertical N Oligokyphus18, 182 K19
28 Femur roughly
vertical ¥, Diademodon, Cynognathus, 227, K
29 Digital formula
23333 i, Therocephalians, 246, K
30 Trochanter minor Y Oligokyphus, 182; Eozostrodon,
182, K
Soft parts
31 Diaphragm Y Procynosuchus, 236, K
32 Hair Y Cynodonts, 227220
33 Double circul. L Thrinaxodon21, 227, K
Thermoregulation
34 Endothermy Y Cynodonts, 233
Excretion
35 Hypertonic urine ¥ 2, after Diademodon, <216, K
362 excret. open. N Eu- and metatherian common .
. ancestor? 1352
Reproduction
Lygaeus type sex
determination v22 ?
Uterine luteal
phase ¥, A 223
37 Milk secretion Y, After Diademodon24, <216, K
Mammae N 2
38 Maternal care ¥ ? Cynodonts? AC
Brain
39 Neocortex ¥ Probainognathus, 205 (Quiroga,
1980)
1: The therian way: lower with the antero-laminal of the upper.
2: Tritheledontid.
3. Not in synchronous Eozostrodon (K), a "mammal".
4. Slightly.
S. Probably a chiniquodent. -
©6: The drylestid eupantothere Crusafontia still seems to have the through housing the

complex rod of postdentaries in earlier forms, so Art still was probably attached.

: Not in Metatheria (G).

: Now in Eutheria and Monotremata. No trace of postdentaries or angulare has been
found in Multituberculates.
9: Alisphenoid is generally small in non-therian *

10: Not in the therian Metatheria?!

11: Also in monotremes. Multituberculata?

12: Vary in some eutherian Xenartha.

13 Only in therians?

©

ammal

, but not in morganucodonts.
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14: Strongly reduced but present in Oligokyphus (tritheledont) and Megazostrodon

(‘mammal’) at and slightly after -182 Ma.
Absent in Late Cretaceous Zalambdalestes.
15: Not in morganucodontids (K).

16 still present, albeit reduced, in Eozostrodon (K).

17. Present but reduced in multitiberculates and in Early
Cretaceous Gobinocodon ostromi (Archer & al. in PE).
18: Tritylodontid.

19. Transient stage in Eozostrodon (K).

20. Foramina for vibrissae are detected (K).

21; Indirect evidence.
22: With variation, involving several X and Y chromosomes (Bick in EP).

23: It may or may not have existed in any cynodont through shell of non-cleidotic eggs.

24; Even the smallest found Diademon individual had functional teeth, so it may have fed
itself independently from birth. On the other hand, milk glands are modified sweat

glands, so they are in principle possible after hair & endothermy.

EMPIRICAL DISTANCES

A slightly more quantitative result (still not to be taken in face value) can be
constructed as follows. Let us select the not extremely correlated characteristics. 4 of the 46
are very correlated with neighbouring ones, so now we neglect 7, /7 and 13 of the numbered
ones, plus the looser one of the temperature control; the remaining 42 are independent
directions in,a 42-dimensional Euclidean space. Put therians (all Y) into the origin, any
other group at coordinates O if Y, and 1 if N, while stochastically to 0 and 1 with
probabilities 2,z if the answer is still 2. Then we get the following distances (T=Theria for
present therians, M fo monotremes, E for Eozostrodon and S for the "synthetic progressive
therapsid):

sTM = 3.61£0.07
STE = 4.06£0.22
S5 =4.00£0.25
SME = 3.39£0.33
SMS = 3.670.30
Sgs = 2.92£0.30 :

Then all recent mammals are roughly at equal distance from each other, from
Eozostrodon, or from the "synthetic therapsid", no difference is significant at 2 sigma level.
The Eozostrodon-therapsid distance is smaller but they both evolved less. The Theria-
Monotremata distance is slightly smaller than average, but the present distances have been
formed from phenotypes, so common mammal selection may be behind. These data do not
rule out even a possibility that monotremes are connected with "early mammals’, while
therians to therapsids!

P/T HARD CONDITIONS AND MAMMALOGENESES

The first Figure permits ah interpretation that hard times in Upper Permian, P/.T
boundary or Lower Triassic had something with mammalogenesis. The second Figure shows
synapsid sakull lengths (total body length without tail seems to be roughly 4-fold). Observe
the vanishing of bigger specimens first in the Lystrosaurus zone, although the final size
reduction starts later in Middle Triassic.
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Spherulites and microtectites from the Alcapa Unit (Hungary,
Austria)

BODROGI, I.1, FOGARASI, A.2 and BALDI-BEKE, M.3

! Hungarian Geological Institute, H-1143 Budapest, Stefania ut 14, Hungary, 2 MOL RT KTA,
1039 Budapest, Batthyany u. 45, Hungary, 3 H-2096 Urém, Rakoczi u. 42, Hungary

The Upper Cretaceous (?Coniacian - Middle Campanian) continental, shallow shelf
and basinal sediments cover significant area of the ALCAPA Unit. Magnetic, a-Fe-containing
spherules of microscopic size (Ms.) and glassy particles of probable cosmic origin:
microtectites (Mt.) were observed in washed résidues of samples from different areas of
Bakony Mts., Uppony Mts. and Kainach Basin. The first spherules were found in a single
sample of Csehbanya F. - 626.5m (Szarka, 1991). In the recent investigation totally 144
samples were counted; 1266 pieces of Mt. and 196 p. Ms. was separated (Figure 1).

Most of the samples were derived from Northern Bakony Mts. ~ Mp-42 and Ug-262
boreholes -, where Mt. predominates (1083 p.). The most Mt. were observed in the terrestrial
part (Csehbanya F. - 404 p.) of the Ug-262 borehole. No Ms. were shown from this borehole.
Three local maxima could have been distinguished in borehole Mp-42 (707 m - 35 p.; 701.4
m - 30 p; 626.5 m - 32 p. Ms.). Smaller Mt.-maxima can been seen near the first two Ms.
‘maxima, while the absolute maximum of Mt. is at 372 m - 155 p. Mt. - in the lower member
of Polany Marl.

The magnetostratigraphically calibrated Bj-528 borehole (Lantos, 1992) contain two
significant Mt-maxima (David, 1996 - lecture on IGCP 384 preliminary workshop,
Budapest): the first one appears in the Santonian Jako Marl, while the second was found in
the Early Campanian lower member of Polany Marl.

From the Gosau-type ?Coniancian ~ Santonian Nekézseny Conglomerate F. of Up-
pony Mts. (Schréter, 1945) three samples were preliminary investigated (Nekézseny,
Nekézseny railway cut and Sampies | Positve | Mt | Ms.
Lybcsés  Valley). From fifteen samples.
samples five samples of the | BOREHOLES
Bitumenmergel of Kainach Gosau | N-Bakony

contained Mt. and one sample |Mp-42 67 6 191 | 125
Mst. Ug-262 6 18 892 | 40 -
This work was supported | Papa-2 10 1 aoni|
by the grant of the National Sci- |Bi-528 David (1996)
ence Fond OTKA No. T015783 [S-Bakony
(Bakony Correlations Program). |-S¥-7 2 1 43 -
SURFACE

The studies are included into the |51
IGCP No. 384 Impact and |-UPROnY Mts.

Extraterrestial Spherules: New |L10cs0s Valley 2 1 0 [
Tools for Global Correlation”. Nekézseny 1 1 1 2
Nekézseny T T CE
railway cut
Drauzug
Kainach 5 5 89 T

Fig. 1 SUMMARY 143 aa 1265 | 196
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Supernovae and the Younger Dryas: the Case for Terrestrial
Environmental Effects at 11,000 yr B.P. from Vela X

G. Robert BRAKENRIDGE

Surficial Processes Lab., Department of Geography, Dartmouth College,
Hanover NH 03755 USA

Ground-based neutrino detectors, the Hubble Space Telescope, the Compton Gamma
Ray Observatory, the International UltravioletExplorer, and other facilities are increasingly
allowing directobservation of the processes occurring in extragalactic supernovac.
Supernovae (SN) are among the most energetic explosions in the cosmos. As the star dies
neutron stars and black holes are born. Part of the energy release occurs during core
collapse via short-lived (seconds) intense X and gamma emissions, part in other radiation,
part after the stellar remnant cools via neutrino emission, part as kinetic energy. An
expanding gas shell is produced, and age estimation of the elapsed time since the explosion
can proceed by measurement of the sizes of these supernovae remnants (SNRs), Thus, fossil
SN within our galaxy can be dated. The sometimes-associated pulsars (rotating neutron
stars) spin down over time, and their ages have also been estimated by consideration of the
spin-down rafes. As records of SN, pulsars persist for much greater time spans than SNRs
(millions rather than only tens of thousands of yr), but many supernovae may not result in
pulsars.

Intense scrutiny is now also being given to gamma ray bursters (GRBs). Recent
identification of an optical counterpart associated with a burst demonstrates a cosmological
distance due to the large spectral line red shifts. If typical for most bursters, this means that
these gammia emissions derive from events several orders of magnitude more energetic then
most SN: perhaps particular classes of “failed” Type 2 supernovae (1), or supermassive
stellar object collapses (2).

SN within our own galaxy are common: several hundreds have occurred in the past
30,000 yr. Expected rates for GRBs within our galaxy are less well constrained: observations
have only very recently begun, and GRBs may include different populations of events. It is in
any case now becoming apparent that the terrestrial atmosphere is, from time to time,
subjected to brief but intense high energy gamma radiation bursts. Since interstellar
absorption is minimal, their relative magnitudes are determined by the inverse square law
according to the distances to the sources. GRB-produced gamma bursts would likely have
been much more intense than those from SN, and eventual identification of what class of
star or star-like objects are GRB progenitors will assist estimation of the terrestrial
exposure.

Radiotelescope surveys of- galactic SNRs, first published in the 1970s and since
updated (3), are thought to be nearly complete (SNRS are strong radio-emitters); at least 214
such objects have been measured. Age calibration of physical models of SNR expansion is
available because some SNRs date from historic events. Distances can be estimated or
determined through a variety of approaches, and intrinsic gamma radiation has been
intensively modeled as part of efforts to achieve an overall understanding of the physics of
these events (for example and some references, see reference 4). Taking a "standard candle”
approach, in which all SN were assumed to produce identical gamma bursts, I earlier plotted
the Earth-incident gamma radiation to be expected from each SN over the past 15,000 yr (5)
Because of its proximity, Vela X, at ca. 11,000 yr B.P., produces very much the most intense
flash. | compared this flash to that considered by other workers to be capable of producing
terrestrial atmosphere effects (a hypothetical nearby SN at distances of 10 parsecs). At its
distance of 500 parsecs, Vela was 2500 times weaker, but the uncertainties in the intrinsic
gamma magnitude range over three orders of magnitude: if the magnitude was at or close to
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the high end, gamma radiation from Vela should have affected the atmosphere, because
modelers for the 10 parsec events assumed the lower values. The recent optical
identification of a GRB and resulting distance determination also emphasizes that even
larger gamma flashes certainly occur in nature, and it is not clear what class of stellar object
produced Vela.

The 11,000 yr B.P. age estimate for this nearest of all late Quaternary SN is
provocative because of the well-known set of environmental changes that occurred at 10,700
C yr BP. These changes in "Younger Dryas” time were short lived but extreme; their
causality remains unknown although several reasonable hypotheses have been presented.
The Younger Dryas was marked by a widespread and very sharp (occurring over 1-2
decades) cooling of the climate: a temporary retun to temperatures typical of the last
glacial maximum (ca. 22,000-14,000 yr B.P.). This cooling occurred over at least much of the
northern hemisphere (6). Opinion is divided as to its global extent, but there are now many
local proxy paleoclimate records from the southern hemisphere that indicate cooling at this
time. There is also some evidence of a temporary excess in atmospheric radiocarbon activity
beginning at ca. 11,000 (7). Perhaps most enigmatic for Quaternary paleoccologists are the
numerous extinctions of large mammalian species during the Younger Dryas. Africa was
least affected, but the Americas lost at least 33 genera of mammals, and extinction dates for
large herbivores such as mammoth, mastodon, camel, and ground sloth in North America
cluster closely at 10,700 “C yr B.P. The effects of short lived but intense gamma radiation
from Vela could be related to such changes: a sharp but relatively brief (200 yr) ozone layer
depletion and atmospheric cooling should have occurred, and resulting high solar uv could
have damaged many forage species over a period of some decades. Such changes would
have been least effective at causing extinctions in Africa, where vegetational/mammalian
fauna ecosystems are adapted to high uv. Excess atmospheric C activity is also an
expected result due to gamma-induced spallation of !N, with recovery times to normal levels
occurring within a few centuries of a transient perturbation according to most 14C mixing
models. :

The temporal relation of Vela to the Younger Dryas changes is striking (5). It may be
coincidental. Probably a radiocarbon (or other cosmogenic isotope) approach provides the
most suitable geological line of attack toward examining the hypothesis that the Vela
radiation event caused the Younger Dryas cooling, and perhaps other environmental and
ecological changes at this time. It is clear that all such changes could have other causes. It
is also clear that, even if it was very intense, the Vela event was only a temporary
perturbation, from which the global physical environment quite rapidly recovered. Yet given
the well-constrained distance and age of Vela, unequivocal demonstration of a short-lived
14C anomaly at this time would point directly (due to Occam's razor) at Vela. In this case,
direct observations of extragalactic SN gamma emissions will be essential: they can help
constrain the actual magnitudes and spectral characteristics of the prompt gamma radiation
likely to have been associated with Vela, and thus the severity of the atmospheric effects.
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Evidences of meteorite impact in a turbidite sequence of
northern Apennines (Modena district — Italy)

A. COLOMBETTI!, F. NICOLODI!

1University of Milano, Department of Earth Sciences, via Mangiagalli 34, 20133 Milano
(italy)

Different comparative analyses have been carried out on metallic microspherules
found in the outcrop of Romanoro Flysch (Modena district — Italy), in order to know: the
meteoric origin, the age of the spherules and of the formation, the turbiditic original
sedimentary basin.

The spherules (diameter of 80/100 microns) are composed of a Fe-Ni alloy, with a
very low percentage of Ti, that indicate a probable extraterrestrial origin.

The Formation of Romanoro Flysch is a tectonic scale, part of the Sestola-Vidiciatico
Unit, without stratigraphic contacts of other formations, and is composed by a turbiditic
sequence of limestones and marlstones with subordinated sandstones.

In order to evaluate the age of the formation paleontological and isotopic analyses
have been performed; the Strontium isotope stratigraphy (SIS), using the #7Sr/%Sr ratio, has
indicated a Lower Miocene (19.77 Ma BP) age. Some problems are arised analysing
planctonic fossil microfauna; the calcareous nannoplancton belongs exclusively to an upper
Cretacic age, while the foraminifera show mainly a Miocenic one. If the Romanoro Formation
has a Miocenic age, then the metallic microspherules could be attributed to the event that
has created the Ries Crater in Germany.

On the contrary if the age of this flysch is Cretacic the spherules can be related to
Cenomanian / Turonian boundary event or to the Jurassic/Cretaceous one.

New analyses to solve this question and the age of the metallic spherules have to be
made. Related to this question is the original sedimentary basin, in fact an Miocenic age
permitt to attribute the formation to Tuscany or Epiligurids Sequences, while the Cretaceous
one locate it in a Ligurian context.

Probable presence of Cretaceous-Tertiary boundary in Cuba

Dora Garcia DELGADO!Y, Consuelo Diaz OTERO!, Reinaldo Rojas CONSUEGRA® and
Santa Gil GONZALES™

instiute of Geology and Paleontology. Via Blanca y Linea del Ferrocarril. CP-11000. Habana. Cuba
2National Museum of Natural History. Obispo No. 61. Plaza de Armas, Habana Vieja. CPP-10100.
Cuba

Peleogeographical Models of Caribbean region show the Bahamas platform and its
talus, Continental Margin of Yucatan region and Cretaceous volcanics arcs (lturralde-
Vinent, 1996). Particularly the proto-cuban segment, ubicated near the place where the
imeteorite provoking Chicxolub crater is supposed to have fallen down at Yucatan peninsula,
at the end of Cretaceous. b

The criteria in favor and against of such principles have been widely used by
scientists all over the World. Some localities of the*probable K/T boundary in Cuba have
been studied but with no final results.
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However new data of the probable K/T boundary and interesting findings related to
the deposits of this age have been reported, as follow:

Maastrichtian-Paleocene marine deposits, formed in three different paleogeographic
regions, meridional continental margin of Bahamas shelf, continental margin of Yucatan
peninsula and extincted Volcaninc Arc of Cretaceous (Iturralde-Vinent, 1994).

Megaturbidite from Maastrichtian, probably related to a tsunami (Pszczolkowski,
1986).

Paleontological assemblage, discovery of several localities with Globigerina eugubina
and Globigerina fringa of Danian Basis. (G. Fernandez et al., 1992).

Discovery of “macrospherules”, ferruginous concretions in turbidite siliciclastic
sediments inserted in carbonate marine sediments relatively deep from Upper Maastrichtian.

Carbonized plants, Upper Maastrichtian deposits having rests of carbonized plants
from Peralver formation. (Bronnimann and Rigassi, 1963, D. Garcia et al. 1993, unpublish).

The units dated as Upper Cretaceous (Maastrichtian) and Maastrichtiano-Paleocene
are distributed, according to M. Iturralde-Vinent, 1996, over different parts of folded belt:
Continental units of the Bahamas Platform (Remedios Zone) and its talus (Placetas and
Camajuani Zones), Continental Margin of Yucatan Peninsula (Guaniguanico Zone: Sierra del
Rosario region) and Creataceous Volcanic Arc (Zaza Zone)

The Maastrichtian top unit over the Bahamas Platform (Remedios Zone) is Purio
formation of carbonate composition, while the units over the continental talus are clastic-
carbonate and carbonate megaturbidites (Cacarajicara, Amaro and Camajan formations).
The fragments of detritic rocks are composed by limestone, clays, cherts, schist, everal types
of sedimentary rocks, volcanic rocks and fossil fragments.

Cacarajicara formation has an Upper Maastrichtian paleontological assemblage in
Sierra del Rosario (Fig. 1). In the surface samples of this units was not reported
Racemiguembelina fructicosa, which marks the Upper most part of Maastrichtian (Fig. 2)
However, this species was found in the well PE-19 (Fig. 3) drilled at the west of Cinco Pesos.
locality (Martinez et al., 1989), where it appears to be a transitional relationship with the
Paleocene Ancon formation (innominated basal terrigene package). A. Pszczolkowski et al
(1992 has suggested the presence of the scare ovoid or sphaerical grains at the top of the
Cacarajicara formation.

Amaro formation is spread from northeastern of Matanzas province (Fig. 1) limited at
the Placetas Zone and lying with a hiatus over cretaceous formations and as it seems to be it
is equivalent to Camajan formation (Pszczolkowski, 1986) in Camagiiey province. Its age is
Maastrichtian and for this reason it is prefectly correlated to Cacarajicara formation. In the
case of the Amaro formation is upper boundary is erosional and discordant with Vega Alta
formation (Paleocene-Middle Eocene). That is why the possibility of a transitional
rellationship to Paleocene is eliminated.

The units directly deposited over the Volcanic Arc are forming part of its covering as
Los Negros, Peralver and Micara formations (Fig. 1) or they are basal units in the great
sedimentary basins (Mercedes, Fomento, Vaqueria, Cocos and Santa Clara formations)

The Negros and Pesalver formations are the units deposited over the Volcanic Arc of
Western Cuba and they are quite different. The Negros formation is composed by a
terrigenous sequence with biogenic limestone at the top (Martinez et al,, 1988), and its
upper boundary is unconfortable with the Mariel Group of Upper Paleocéne age; while
Pesalver formation (Fig. 4) presents a litological composition from calcirudites in the base to
calcalcilutites at the top, similar to Cacarajicara and Amaro formations. The difference of the
sincronic units from the Continental Mrgin is that their fragments come from the cretaceous
volcanic arc and from Via Blanca formation of terrigene cor re is an
feature of the formation (Fig. 5), which is the presence of coal fragments in some localities.
(Bronnimann y Rigassi, 1963; Garcia et al. 1992). Its age, Upper. Maastrictian, is given by
the biozone Racemiguembelina fructicosa. In most of the cases the upper boundary of the
unit is erosional or unconformable with Apollo formation, of Upper Paleocene.

osition.
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There is a basal Danian, the Mercedes formation (Furrazola-Bermudez et al., 1976).
Its relation with Penalver formation have not been observed but, it constitute a strong
applicant, by its lithological composition and its fossil association for studies of K/T
‘boundary (Fig. 6, 7)

In Central Cuba, the sediments from Maastrichtian-Paleocene age are the base of the
sedimentary basin overlaying the Volcanic Arc. These formations (Cocos, Vaqueria, Santa
Clara and Fomento) are predominantly flyschoids and carbonated.

The Maastrichtian-Paleocene stratigraphic interval in the Santo Domingo Basin. The
Cocos formation is characterized by marls, different types of limestones and clays (Fig. 1)
The fossiliferous association reported in this unit (Kantchev et al., 1978) reflexes clearly its
age, Upper Maastrichtian-Paleocene. Paleontological studies made by G. Fernandez
(personal communication) show, in the locality EI No in the soudwester of the Santa Clara
city, the presence of the Globigerina eugubina specie in this formation.

Vaqueria formation in the Cienfuegos Basin was well studied from biostratigraphic
point of view by Kantchev et al, 1978. It is composed by flyschoid intercalation of
limestones, gravelites and some tuffs. Its fossiliferous association shows the Upper
Maastrichtian-Middlle Eocene stratigraphic interval. The Fig. 8 shows a stratigraphic
session which age is Middle Paleocene, but its lower part appear in the DG-387 locality
which age is Upper Maastrichtian (Garcia et al., 1996)

Nat. Geol.-Geophys. Arch. northern of Santa Clara city the homonimous formation
from Maastrichtian-Paleocene interval has been proposed (Kantchev et all,, 1978). Litological
composition of Santa Clara formation (Fig. 9) is also variable and it is composed in the base
by polymictic conglomerates, sandstones, silstones, limestones, marls and tuffs. This
formation lies directly over the Volcanic Are, in localities where it is developed. When the
paleontologic study was carried out a great among of Albian-Cenomanian material, from
Provincial formation, was reworked. This formation was violently erosioned serving as apport
to the carbonate fragmentary rocks which compose the unit. R

In various levels among calcareous sandstones, small concretions (‘macrospherules’)
can be seen (Photo N° 2 y 3). Their distribution is caothic, the same as their size, and they
are not related to the stratiphication planes. Sometimes they are grouped forming “nest” and
others are dispersed and isolated (Fig. 10)

Fomento formation is the unit of K/T boundary located to the east of Cabaiguan
Basin of cuban central region and is predominantly formed by silstones, red-pink, gray,
green-gray and beige color; clays limestones and off-white to green tuff and some chert lents.
A detailed sampling (Fig. 11) demonstrated that the basal layers are Upper Maastrichtian,
which biozone has not been recognized yet, and its upper part is Paleocene, probably
corresponding to Morozovella velascoensis biozone. Its lower boundary is unconformable
with Isabel formation, Uppe Maastrichtian age (Fig. 12).

Purio formation (Fig. 13), according to Diaz and Iturralde-Vinent, 1981 is represented
by different isochronic sedimentary facies from Upper Cretaceous (Campanian—
Maastrichtian), at least in Sierra de Cubitas, belonging to Remedios sequence of Bahamas
platform in the North American Continental Margin. The stratigraphic sections established
in the cut spread in the three main depositional environments. The lower scction
corresponds to the deposits of lagoon and back reef environment. The middle section spread
in frontal slope environment, ard the upper section originated in an environment of bank
and biostrom with Rudists.

Micara formation (iturralde-Vinent, 1976) is located southern Sierra de Nipe and
Sierra Cristal and in the Sagua de Tanamo river basin. In the Fig. 14 is shown its
composition of limestones, sandstones and from polymictic conglomerates to vulcanomictics;
ocassional layer of marl, biocalcirudites and biocalcarenites; can have an olistostromic
character in some localities (Flores et al., 1988).
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The fossil association found indicates a basal Upper Maastrichtian-Danian age,
corresponding to the Racemiguembelina fructicosa and Globigerina eugubina biozones,
repectively (ernandez et al., 19929 (Fig. 15)

Conclusions

The possibility of the Cretaceous-Tertiary boundary between Mariel Group units and
Los Negros formation is discarded by the absence of Danian stage deposits.

The Maastrichtian-Danian transition probably is present in the sections of Micara,
Cocos, Vaqueria and Santa Clara formations, also the occurrence of the K/T boundary is
present between Cacarajicara and Ancon formations according with the presence of a
terrigenous sequence among them; this lithological interval is present only in some
exploration wells.

In the Habana-Matanzas region there is a Danian outcrops of Mercedes formation
but not one geologist has seen the boundary with the lower underlying Maastrichtian
Penalver Formation

The top of Maastrichtian is cleary represented in Central Cuba in Isabel, Amaro and
Camajan formations where are reported calcareous turbidites, while in Western Cuba is the
same possibilites for Cacarajicara and Pesalver formations.

It is necessary a detailed studies to establish the K/T boundary in Cuba, the
presence of spherules in some lithostratigraphic units of the Island and its possible origin.
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Caracterizacion bio y litostratigrafica de los depositos
comprendidos en el limite Cretacico-Terciario en Cuba
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1(Instituto de Geologia y Paleontologia, Via Blanca y Linea de Ferrocarril, San Miguel del Padron,
La Habana. 11 000)

2(Museo Nacional de Historia Natural. Obispo No. 61, Plaza de Armas, Habana Vieia, La
Habana, 10 000)

:INTRODUCCION

i La cercania de nuestra region a la peninsula de Yucatan, donde se supone ocurri el
choque del meteorito que ocasiond el crater de Chicxolub al final del Cretacico, ha
despertado el interés de numerosos investigadores, en encontrar las evidencias de esta
catastrofe en los sedimentos cubanos. En la region del Caribe, precisamente en el segments
protocubano a finales del Cretacico Superior se produce la formacion de una cobertura
Campaniano-Maastrichtiano sobre diferentes regiones paleogeograficas y posteriormente de
grandes cuencas pasivas iniciadas en el Maastrichtiano Superior.

Las unidades datadas como Maastrichtiano y Paleoceno se distribuyen sobre
diferentes partes del cinturon plegado (Iturralde-Vinent, 1996), en el talud de la plataforma
de Bahamas (zonas Camajuani y Placetas), plataforma de Yucatan (zona Guaniguanico) y el
Arco Volcanico Cretacico(zona Zaza), formando parte de su cobertura o como base de las
grandes cuencas superpuestas sobre él. (Fig. 1)

Los sedimentos originados sobre la plataforma de Yucatan, se refieren a-la Formacior:
Cacarajicara, la que contacta cor. la formacion palevcénica Ancén, micntras sobre el arco
o founationes Feialver e Isabel, como parte
de su cobertura del Campaniano - Maastrichtiano. Existen otras unidades en este mismo
intervalo estiatigratico ubicadas tanto sobre el talud de la plataforma de Bahamas
(formaciones Amaro, Camajan y Lutzarda) como sobre el Arco Volcanico Cretacico
(formaciones Los Negres, Palmarito, Jimaguayt, Yaguaneque, etc.), que no se incluyen en
este estudio porgue su limite superior es discordante con kas unidades del Paleogeno ¢ son
erosionales.

Volciuicu se furmaton deposiivs istuonus de
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Fig. 1. Ubicacion de las dreas de afloramiento : 1- Fms. Cacarajicara y Ancén, 2- Fm.
Los Negros, 3- Fm. Mercedes, 4- Fm. Peralver, 5- Fm. Vaqueria, 6- Fm. Cocos, 7- Fm.
Santa Clara, 8- Fm. Fomento, 9- Fm. Micara, 10- Gr. Mariel, 11- Fim. Isabel, 12- Fm.
Amaro, 13- Fm. Camajan

La probabilidad de encontrar el Limite Cretacico - Terciario (K/T) en nuestro pais
esta mejor fundamentada en los depositos de las grandes cuencas superpuestas, donde
encontramos unidades cuya edad se extiende desde el Maastrichtiano al Paleoceno
(formaciones Cocos, Santa Clara, Fomento y Micara) o del Paleoceno basal (Formacion
Mercedes) y algunas incluso desde el Maastrihtiano hasta el Eoceno Medio (Formacion
Vaqueria).

DISCUSION

En la Sierra del Rosario la Formacion Cacarajicara, con caracter de megaturbidita
(Pszczolkowski, 1986) se consideraba hasta el momento discordante y con hiato
estratigrafico con la Formacion Ancon (Pszczolkowski, 1983); Martinez y otros, 1989), ya que
en las muestras de superficie de esta unidad no fue reportada la Racemiguembelina
fructicosa que marca la parte mas alta del Maastrichtiano (Fig.2). Durante los trabajos de
levantamiento geolégico a escala 1: 50 000, efectuados por la Empresa de Pinar del Rio, en el
contacto entre ambas unidades fue perforado el pozo PE - 19 (Fig.3) al ceste de Cinco Pesos
(Martinez y otros; 1991), donde al parecer existe una relacién transicional con la Fm. Ancon
del Paleoceno, compuesta por calizas, margas y escasas brechas, la cual excepcionalmente
‘en esta localidad presenta un paquete terrigeno basal innominado con una asociacion
fosilifera del Paleoceno, aunque las especies de la base de éste no han sido determinadas.
Como parte de la cobertura sedimentaria del arco volcanico cretacico en la regién de
La Habana, se estudio la Formacion Penalver, la que presenta una composicion litologica.
similar a la Fm. Cacarajicara, incluso es notable su gradacién granulométrica, desde
calciruditas en la base hasta calcilutitas (Bronnimann y Rigassi, 1963; Albear e Iturralde,
1985) y también son consideradas como megaturbiditas (Pszczolkowski, 1986). A diferencia
de las unidades isocronas del talud de la plataforma sus fragmentos provienen del arco
volcanico cretacico y de la Fm. Via Blanca que la infrayace y cuya composicion es
fundamentalmente terrigena (Pszczolkowski y otros, 1992). Existe un rasgo interesante de la
formacion y es la presencia de fragmentos de carbon en algunas localidades. Su edad
Maastrichtiano Superior esta dada por la biozona Racemiguembelina fructicosa y
Abathomphalus mayaroensis*. El Limite superior de la unidad en la mayoria de los casos es.
rosional o discordante con la Fm. Apolo del Paleoceno Superior, aunque segun J. F. de
Albear (comunicacion personal) en algunas localidades puede llegar al Paleoceno basal por lo
que también debe continuar estudiandose. L
Las cuencas pasivas formadas sobre el arco voleanico cretacico, s distribuyen desde
la provincia de Pinar del Rio hasta Guantinamo, y en su mayoria se iniciaron en el
Maastrichtiano Superior. En algunas de estas cuencas se han reportado depésitos de edades
Maastrichtiano y Paleoceno, en ocasiones con una evidente continuidad.
En la region de La Habana la Fm. Mercedes (Furrazola Bermudez, 1976) presenta
una asociacion fosilifera del Daniano (Tabla No. i}, cu

as refacioncs con ia Fri. Pealver no
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se han observado, aunque afloran en localidades cercanas; tiene una composicion
carbonatado - terrigena y constituye una fuerte candidata para los estudios del Limite K/T.

Las formaciones que incluyen el Limite K/T en las cuencas pasivas en Cuba central
son: en la Cuenca Santo Domingo, las formaciones Santa Clara y Cocos; en la Cuenca
Cienfuegos la Formacion Vaqueria, y en la Cuenca Cabaiguan la Formacion Fomento
(Fig:2). En estas unidades se han reportado asociaciones fosiliferas del Maastrichtiano
Superior y Paleoceno. (Tabla No.1)

En la Cuenca Santo Domingo la Fm. Cocos esta constituida por margas, calizas de
diferentes tipos y arcillas; la asociacion fosilifera reportada en esta unidad (Kantchev y otros,
1978), refleja claramente su edad Maastrichtiano - Paleoceno y en la cual G. Fernandez
fcomunicacion personal) encontré un conjunto fosilifero de la biozona Globigerina cugubina
yen la que nosotros encontramos fosiles del Maastrichtiano y del Paleoceno en diferentes
Tocalidades.

fig2 Columno litoestratigrafica de fo Fm. Fomento La Formacion Vaqueria aflora
e gt Goot iz 2y €0 1a Cuenca Cienfuegos; presenta una

i X% intercalacion “flyschoide” de calizas,
Eesor 20 margas, ‘brecha-conglomerados
[ — calcarcos,  arcillas bentoniticas,

e el limolitas, gravelitas y algunas tobas.

Su asociacion fosilifera reporta el
intervalo estratigrafico Maastrichtiano
Superior- Eoceno Medio en base a
foraminiferos. (Tabla No. 1).

Al norte de la ciudad de Santa
Clara y ocupando el intervalo

estratigrafico  Maastrichtiano -
Paleoceno se describié la Formacion
* G s e Ui Santa Clara (Kantchev y otros, 1978),

su litologia es también variada y se
¢ b Pt s B it | \COMPpOTICE doade - (la ibase  de
s oo el f vt conglomerados polimicticos, areniscas,
[ limolitas, calizas, margas y tobas. En
e e la localidad donde se desarrolla, su
substrato lo constituyen unidades del

arco volcanico y de las ofiolitas, y

G T\ ¢ 615 it comee, Gl 7. cuando se realizd su estudio
= PY I A——— paleontologico se noté un abundante
T T it P et material redepositado de edad Albiano-
Cenomaniano, proveniente al parecer

813 ety s gt pesiio. de T subyacente Formacion Provincial,
la que al fue violentamente erosioniada,
6302 P compre exmn f s SirViendo  de  aporte @ las rocas

4 et b sl 4 o fragmentario —  carbonatadas  que
componen la unidad. En varios niveles

06 3811 Orbutndes . Suleopereutinn . Kukiots dentro de las areniscas calcareas se
pueden ver pequedas concreciones

inottas ("1 oo férricas  (‘esférulas’). La distribucion

de estas “esférulas” es caética, al igual

que su tamano, no estando relacionadas con los planos de estratificacion; a veces se

encuentran agrupadas formando “nidos” y otras estan dispersas y aisladas. Su conjunto
fosilifero esta reportado en la tabla No. 1.

Hacia el este de la region central, en la Cuenca Cabaiguin la unidad comprendida

en el Limite K/T es la Formacion Fomento (Kantchev y otros, 1978), constituida
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predominantemente por limolitas de color rosado rojizo, grises, gris verdosa y beige, calizas
arcillosas y tobas blanquecinas a verdosas, se intercalan escasos lentes de silicitas . Su
muestreo detallado demostré (Garcia Delgado y otros, 1996) que sus capas basales son de
edad Maastrichtiano Superior, y su parte superior es Paleoceno, probablemente
correspondiente a la biozona Morozovella velascoensis.

En Cuba oriental, encontramos en la base de la Cuenca Guantanamo, la Formacion
Micara, de composicion terrigena y de caracter flyschoide (turralde - Vinent, 1981). La
formacién, esta localizada en la parte sur de la Sierra Cristal, . Se compone de calizas,
areniscas y conglomerados polimicticos; ocasionales capas de margas, biocalcarenitas y
biocalcilutitas. Esta unidad puede tener un caracter olistostrémico en algunas localidades (
Flores y otros, 1988).

La asociacion fosil encontrada indica una edad Maastrichtiano Superior - Daniano,
correspondiente a las biozonas de Racemiguembelina fructicosa y Globigerina eugubina,
respectivamente (Fernandez y otros, 1989). (Tabla No. 1)
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Tabla No. 1. Asociaciones fosiliferas por unidades litoestratigraficas.

CONCLUSIONES

Los sedimentos del Limite K/T en la region Habana - Matanzas tienen posibilidad de
ser encontrados en el tope de la Formacion Penalver y en la base de la Fm. Mercedes, como
sus asociaciones fosiliferas parecen indicarlo.

La transicion Maastrichtiano - Paleoceno con seguridad esta presente en las
secciones de las formaciones Micara, Cocos, Vaqueria, Fomento y Santa Clara, y su
posibilidad aun existe entre las Formaciones Cacarajicara y Ancén, teniendo en cuenta la
presencia de la secuencia terrigena que se encontré entre ellas con fosiles paleocénicos, la
cual solo se ha reportado en un pozo estructural.

El tope del Maastrichtiano esta claramente representado en las formaciones
Cacarajicara y Penalver, con la biozona Abathomphalus mayaroensis, tomando en
consideracion la biozonacion de Caron, 1985 y con la biozona Racemiguembelina fructicosa,
segun G. Fernandacz, 1989.

Como se puede observar de esta panoramica es necesario realizar estudios
bioestratigraficos, litologicos y mineralgicos detallados a fin de poder establecer de manera
realmente confiable, aquellas secciones donde se encuentre presente el Limite K/T en
nuestro pais.
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* Este trabajo completo posee una serie de columnas bioestratigraficas similares a la Fig. 2
de cada una de las unidades estudiadas, asi como una tabla de biozonacion que por
problemas de espacio no podemos incluir en este resumen, las que se expondran en la
presentacion del mismo
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Looking for spherules at the Cretaceous-Tertiary (k-t) boundary
in Pernambuco/Paraiba (pe/pb) Basin, ne Brazil
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After a brief description on few spherules from the K-T boundary in PE/PB Basin
(Albertao, 1997), a most detailed characterization is now under development in the scope of
the IGCP 384 Project. The PE/PB Basin occurs in a narrow on-shore area of NE Brazil and
up to now its Poty quarry is the unique known sedimentary section in this country with
outcrops spanning the K-T boundary. Recently (1995) new samples were collected in a
relatively new opened front of the quarry and permitted the following study.

At the present moment, just three samples were selected for the analyses. These
samples were chosen due to their proximity to the K-T boundary and one of them presents
the iridium anomaly. They were prepared under rigorous cares to prevent contamination
before undertaking the screening process.

The preparation of the samples followed the stages:

1-powdering of samples; 2- sifting of the powdered material in different mesh classes;
3-identification of the material; 4- washing of the material with a solution of KOH at 10%; 5-
sifting and filtering of the material; 6- washing of the material to retreat the whole KOH.

After that, both a magnifying glass and a gemologic microscope were used for the
screening and first general descriptions of shape, size and color. It was possible to select 56
spherules from the prepared samples. Most of them occur with spheric to semi-spheric and
sometimes oval or triangular shape. The colors vary from dark-brown to opalescent-white.

These are just the initial steps towards a detailed characterization which is intended
to be performed for a better comprehension of the very nature of the spherules and of their
relation with the K-T event(s).

For the next steps of the study 30 spherules were selected to undertake new analyse:
which are: -

(i) To collect and pick up a sufficient number of spherules to perform a further
detailed description and determine their origin.

(ij) To use the techniques of SEM (Scanning Electron Microscopy) and/or TEM
(Transmission Electron Microscopy) attached with EDX (Energy Dispersive X-Ray) to (a)
determine in detail the overall particle size and morphology, (b) obtain mineralogical and
petrographic information, and (c) determine major elements.

(iii) To use neutronic activation analyses (probably INAA) to determine minor
elements, including here probable platinum-group elements

(iv) To make a detailed geochemical characterization of the spherules, from the core
to the border, to describe the possible alterations and the original composition (in the core).

(v) If possible, to use a technique to date the spherules, using, for instance, the
“Ar/Ar method. E

Reference

ALBERTAO, G. A. 1997. The Cretaceous-Tertiary boundary in Brazil — state of the art and
peculiarities. Sphaerula (International Journal of IGCP 389) 1{1):101-114.




[image: image30.jpg]Annual Meeting of the IGCP 384: Budapest, 1998 29

New list of spherule occurrences in the Carpathian Basin
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Carpathian Basin is one of the most rich fields of the world where extraterrestrial
spherules can be found. Here we summarizes the most important layers, where these
spherules occurred.

HUNGARIAN SPHERULES TABLE
From youngest to oldest we enumerate our findings till 1997 from Hungary.

No. NAME REGION LAYER NUMBERS | SPECIALITY
1 KABA, Hajdi- | Great Hung. | Holocene afew CV3 carb.
Bihar C. Plain (GHP) chondrite sph.
2 REPASHUTA, | Borsod c.
Balla cave. Northern H.Mts.
3 PAKS, Tolna | Trans-Danubia |u. Pleistocene _[a few n Toess
c. (D)
1 ENCS, Borsod- | North Hung. | u. Pleistocene | a few n Toess
AZC. Mount(NHM) .
5. VESZTO, Great Hung.
Hajdi-Bihar c. | Plain (GHP)
3 FEHERVAR- | Fejér c., Trans- | Pliocene
CSURGO Danubia (TD)
7 NAGYLOZS-1. | Gyor-Sopron- | Miocene
Moson C. (TD)
B SOPRON-Mts | (TD) Miocene, afew borehole
(Gy.SMC) Badenian
9. BUKKMO- | BUkk Ms. Miocene, K100 borehole
GYOROSD __| (NHM) Badenian
10, DUKA-2 Miocene
1 VARPALOTA | Veszpréme. | Miocene
Szabo-banya __| (TD)
12 SZOKOLYA Miocene
3. EGERBAKTA, | BURk Mts. North | Miocene,
Heves c Hungarian Mts.
14, KAZAR Miocene
is. BUDAPEST. | Buda Mts. Oligocene
Virosmajor-1
6 FELSOPETENY | Borzsony Mts., | u. Eocenc
Nogrd c. N. Hung. Ms
7 PILISCSABA, | Pilis Mts. (TD) | u. Eocenc
Peste.
[0 BUDAPEST, | Buda Mis., 1. Eocene 5|
Fenydgyongye-q
[ MAGYAR- - | Bakony Mts. | u. Cretaceous, [ K.100 borehole
POLANY (TD) Maastrichtian
2. GANNA-T u Cretaceous. borehole
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21, BAKONY- Bakony Mts. | u. Cretaceous, K100 borehole
JAKO (TD) Maastrichtian

2 NAGYGORBO- u. Cretaceous, borehole
e

=, NEKEZSENY | Upponyi Mis. | u. Cretaceous. | K.100 conglomerate.
Borsod A.Z.C. | (NHM) Campanian

= AJKA Veszprém | Bakony Mts. | I. Cretaceous, | K10 coal deposites
C ) Albanian

. BUKKSZEK- u. Jurassic, borchole
NY2.

2. TATA, Gerecse Mis. | u. Jurassic, afew Timestone
KoméromC. | (TD)

7. PILIS- Pilis Mts. (TD) | u. Jurassic,
SZENTKERESZ
T

% RECSK-136. | Matra Mits - Jurassic,
Heves c. (NHM)

D BAKONY- Bakony Mts. | I Jurassic, Lias | a few, cherty Timestone
CSERNYE (TD)

30. PECS, Baranya | Mecsek Mts. | I. Jurassic, Lias
e (TD)

3T VERHALOM | Buda Mis. (TD) |u. Triassic, K100 different
Pest C. Norian limestones

B GELLERT- | Buda Mts. (TD) | u. Triassic. afew dolomites
HEGY, Pest C Norian

E HARMASHA- | Buda-Mts. (TD) | u. Triassic, afew dolomites
TARHEGY Norian

E MATYASHEGY | Buda-Mts. (TD) | u. Triassic,
Peste. Norian .

3. RECSK-136. | Matra Mts. u. Triassic.
Heves c. (NHM) Norian

36. RECSK-131. | Mitra Ms u. Triassic,
Heves c. (NHM) Norian

37 ASZOFO, Balaton-H. Mts. | I. Triassic, K100 Timestone
Veszprém €. | (DT) Anisian

38 MISINA, Mecsek Mts. | 1. Triassic, K100 Timestone
Baranya C. (TD) Anisian

3. SZILVAS- Bikk M 1. Triassic,
VARAD, Bécso | (NHM)
Mt

a0, GERENNA- | Bikk Ms. PIT boundary | K.10 Timestane
VAR (NHM)

a1 BALVANY, | Bikk Mts. PIT boundary | K.100 Timestone
Heves C. NHM)

5 VALLUS.

) REPASHUTA

. BALATON- | Balaton H. Mts. | P/T boundary | k.10, Timestone
ARACS (TD)

s BALVANY-N. | Bikk Mis. P/T boundary

NHM)
I3 NAGY-VISNYO | Bukk Mis. Permian, atew bitumenous 1.,
(NHM) Carboniferous limestone

[ SZENDRG NBorsod Devonian, afew ‘metamorphic

MTS Mis(NHM) | Famenian-F limestone
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Small magnetic spherules from the Triassic-Jurassic Boundary
zone of Csévar, N Hungary — A preliminary report

DETRE, Cs., DON, Gy., SOLT, P., DOSZTALY, L.

Geological Institute of Hungary, H-1143 Budapest, Stefénia ut 14, Hungary

The quarry facing the Var-hegy (Castle Hill) of Csvar, one of the Triassic fault blocks
on the left riverside of the Danube in N Hungary, is a fossil ferous locality unique in terms of
abundance of Upper Triassic and Lowermost Jurassic taxa in Hungary. This abundance of
fossils has been responsible for the permanence of ardous debates of the formations
involved. [Detre, Cs.~Dosztaly, L.-Hermann, V. 1988: The Upper Norian (Seratian) fauna. —
Ann. Rep. Geol. Inst. Hung. 1986]

In the last years Lowermost Jurassic fossils (Kozur, H. 1991: New Middle Carnian
and Rhaetian... Jb. Geol. B.-A., Bd. 134., H. 2., Kozur, H. 1993: First Evidence of Liassic in
the Vicinity of Csovar... Ibidem, Bd. 136., H. 1.) and small (5-20 microns diam.) magnetic
‘spherules were found.

i

SRRt weohindeodels detee;
ZE\e— spheryles  [r-J B4

Zone

<— spherules
G Cheristoceras nobile s

Fig. 1. Geological section of the big quarry of Csovar

1. Eocene limestone, 2. Cherty limestone, 3. calcareous marl with chert nodules, 4. thin-

bedded, laminated calcareous marl, 5. thick-bedded, bituminous limestone, 6. thick-bedded
limestone (“slumping’), 7. thin-bedded, strongly bituminous marl

Fig. 2. The big quarry of Csovar
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A nearby supernova explosion at the Permo-Triassic transition
period

Cs. H. DETRE!, I. TOTH?, Gy. DONY, P. SOLT!, A. GUCSIK?, A. Z. KISS*, L. UZONYI, Sz.
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The nearby supernova (10-500pc from the Sun) explosions were frequent events
during the history of Earth. Following the stimations which have been summarized by.
Shklowsky 1966, Trimble (1982, 1983) on the average rate of Type Il supernova outburst
occurs every 100 years whereas the rate of Type I supernova has two or three times less
than the Type Il one, i.e. Type I supernova event is every 200 or 300 years in our Galaxy.

It may expect that a “nearby” supernova event occurs in every few thousands years.
In average at a distance 100 parsecs from the Sun the rate of supernova events is one per
every one million years statistically.

Sun-supernova distances

Distance from the SN Type I Type Il
Sun
(1 event: 300 years) (1 event: 100 years)
10 pe 2.53 % 10° 8.43 x 108 .
20 pe 3.16 x 108 1.05 x 108
100 pc 2,53 106 8.43 x 105
200 pc 3.16 x 10 1.05 x 108
500 pe 2.02 x 10 6.75 x 108

For a few months a supernova explosion can reach luminosity in excess 10711 solar
luminosity. It is bovious that the more frequent. Type Il supernovae cold explode in every
hundred million years within 20 parsecs from the Sun which are very close events at a
“dangerous” distance in the point of view of enormous effects on the planetary environments.
in the Solar System. One of these statistically possible supernova events could have been in
the P/Tr geological boundary.

The P/Tr episode is related to explosion of a nearby supernova and its consequences
in the Solar System. The “creeping death” as a “stealth” can more in the form of enhanced
radiation level and from radiation induced changes in the chemistry of the atmosphere
(anoxia), climatic changes (¢.g. dry climate) and changes in the life-spaces which had not
been later available for taxa.

Could be unknown but possible consequences of this kind of catastrophic event due to the
radiation induced mutations when the mutants cannot resistant for the changes the environment.

Other possible interstellar effects namely when the Solar System passes through a
dense interstellar cloud should be excluded because there is no traces of any global ice age
in the P/Tr as a possible consequense of this encounter.

The knowledge on the duration of the P/Tr transition is very uncertain. (sce Ewin
1993, Schoenlaub 1996). The range of uncertainty in the estimated age of the P/Tr
boundary is about 20 Myr, it depends from the different facies. There are no generally
accepted criteria. Stratigraphically the P/Tr is an extremely difficult problem.

" More very sharp spherule layers are nailing through the different facies, which came
from the different expanding envelopes of the supernova.
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What is the origin of these spherule layers?

The temporal evolution of the supernova explosion as follow briefly:

1. Neutrino and gravitational radiation just immediately.

2. Order of day later tremendous release of energy due to the collapse low-off of the
outer layer of the star observed visible and ultraviolet light. A possible consequence for the
terrestrial atmosphere, the temporal increasing of the ozone layer.

3. Several months after collapse: gamma and roentgen rays arrived. Gamma
radiation is more effective to destroy the ozone than than the UV rays increased that. There
are unusual chemical reactions in the atmosphere (e.g. nitrogene-oxids are created and
‘make further destruction of ozone layer. (See Brakenbridge 1981)

The upper atmosphere can warmed up the lower atmospheric layers as the
troposphere can become colder.

This is not necessarily a global effect in terms of glaciation (ice ages) and really, there
are no ice age during the Uppermost Permian.

4. Years later: corpuscular rays arrived. Further decay of atmosphere ozone shield
depleted

5. Few thousands of years later, the expanding gas and dust shell of the very nearby
(10-20 pc) supernova remnant can reach the heliosphere and pushes the solar wind
approxmately.

The expanding supernova remnant can encounter with already interstellar material
and can trigger that by its enormous mechanical and electromagnetic energy. The interstellar
dust can be moved away by the supernova shock wave front and the grains both can be the
sources of that interstellar dust which collided with the atmosphere of the Earth and
sedimented into the geologic layers and finally recorded as interstellar
microspherules in the P/Tr boundary geochronological interval. (From the Uppermost
Permian to the “traditional P/Tr biostratigraphical boundary”, see Detre et al. 1998).

Arguments of P/Tr SN event:

‘The SN is supposed flared up in the beginning of Upper Permian. Dramatic extinction
of the taxa during the Upper Permian until the “traditional P/Tr boundary”. More than 90%
of the biomass was killed. Several cubic kilometers of the killed biomass were
accumulated. The organic matter was mixed with different sediments producing world-wide
sedimentary rocks of high organic content. consequently anoxia and enrichment of CO2. The
increased electromagnetic radiation produced selective extermination in the living world:
first of all among terrestrial plants, then among the plankton (e.g. Radiolaria) and “sessilis
benthos” (e.g. Brachiopoda, Bryozoa etc) Uppermost Permian and ‘“traditional P/Tr
boundary” interstellar (probably of SN origin) spherules. The “traditional P/Tr boundary"
was the end of the crisis and the beginning of a renaissance of the living world.

The terrestrial C content went out from the destroyed biomass to the carbonic rocks,
therefore the mass of the carbonic rocks has been increased from the Triassic time.

Acknowledgements: Hungarian-Japanese sci. Techn. Cooperation (HJSTC) 31-96,
Coopération Franco-Hongroise “Balaton”, Hungarian Space Office, Hung. Nat. Sci. Fund.
(OTKA), Grants nos T 014958, T T025461, T026660.
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Araguainha Impact Crater, Brazil
Wolf v. ENGELHARDT}

Mineralogical Institute, University of Tibingen, Germany

The central uplift of the 40 km wide Araguainha impact structure, Brazil, consist of a
ring about 8 km in diameter of up to 150 m high blocks of Devonian Furnas sandstone,
which surround a central depression of elliptical shape of (4.5x3.0 km). The depression is
occupied by a pre-Devonian alkali-feldspar granite, shocked by pressures of 20-25 GPa and
permeated by cataclastic shear zones and dikes of shocked granitic material. The granite is
flanked and partly covered by several impact breccias: (1) Impact breccia with melt matrix
overlies the granite in places and forms hills bordering the granite center in the quartz,
biottite, muscovite, chlorite and riebecktite. (2) Polymict breccias form hills which border the
central depression in the N and NW. Components are unshocked and shocked sediments,
shock-melted sandstone, shocked granite and shock melt rocks in irregular masses and
individual bodies embedded in a fine-grained matrix. ¥Ar/®Ar analyses show that the melt
rocks solidified 246 Ma ago indicating that the impact occured at near the Permian-Triassic
boundary possibly when the area was covered by a shallow sea. The present chemistry and
petrography of the melt rocks suggest that by reacting with seawater granitic impact melt
was depleted of K and Rb enriched in Na and that later diagenetic processes produced
replacement of feldspar by quartz and deposition of hematite. (3) Monomict breccias
consisting of unshocked shocked and shock-fused quartz sandstones form hills which
surround the central depression in the SE and S. i

The Araguainha structure is an eroded complex crater produced by an impact
246 Ma ago. The depth of excavation was about 2.4 km comprising Permian, Permo-
Carboniferous 2nd Devonian sediments and the granite basement. The diameter of the
transient crater was about 24 km. Erosion and weathering have removed most of the
original crater fill and ejecta deposits with the exception of remnants preserved in the
central uplift.
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Creation of quasi-spherules from molecular matter using electric
fields (inverse EGF effect)
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We have created spherical particles from gaseous phase at identical temperature
using electrostatic field. The diameter of the spheres is scattered within a very small
interval, the related distribution is probably Gauss.

The spheres have been retained in periodically changing positive and negative.field
for 0.1-0.2 sec. We stimulated the growth so that the detachment would act toward the
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sphere’s growth. The increase of the created particle has thus been determined basically by
the gradients of chemical and electric potentials. As a result, and through subsequent
adhesion, particles of different diameter and mass have been produced with comparatively
large free internal volume.

Since we suggest that all parameters of the related technology can be controlled, the
following conclusions can be drawn concerning these spherical (quasi-spherule) particles
produced from gaseous phase:

** The effect of the Earth’s gravitational field can be compensated by electrostatic
fields.

** Since the gas (the equipment) has been retained constantly at the temperature of
300 K thermodynamic effects can be neglected.

** Since average pressure has also been retained constant at 1010 hPa, pressure
gradient has not affected the experiment either.

** The source material was of molecular nature around 1 nm, the resulting dust
featured theoretically a twofold(?) increase in mass up to max. 540.000-fold mass.

Conclusion:

* We suggest that ,condensation dusts” can evolve in space even under constant
pressure and temperature in the presence of electric fields. These dusts possess nearly
identical diameter and subsequently, they coagulate.

* Through similar effects we assume that this mechanism enables the detachment of
radon gas as well. We reported this fact together with the results of measurements in our
lecture held in a 1998 radiological conference.

* Through the integration of the afore-mentioned two effects we suggest - though
with very a small probability - even the presence of noble gases within the hollow coagulated
dusts of similar makeup produced in space. Naturally, the nature of the related adhesions
has to be investigated in space.

With the kind support of Istvan Bajkai, Plasztinform

Iron spherule in Kaposfiired iron meteorite from Hungary
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In the Kaposfiired iron meteorite (fell. 7* May, 1995, at geographical coordinates: 170
46' E longitude and 46 ° 25' N latitude, Somogy County, Hungary) an iron spherule was
found which may prove the origin of spherules even from iron meteorites.

The fall of Kaposfiired iron meteorite

Early in the morning on 7% May, 1995 MARCELL TOROK, church reverend of
Kaposszerdahely, awaking, recognized the lightening of the window. Opening the door he
suddenly observed an impact of a bright object 7-8 meters in front of him in the garden. The
hot air of the incoming object was felt and two hours later, the impacted body was taken out
from the bottom of the excavated crater. It glued to the dig, while placing them into a pail of
water, the two-fist-sized metallic body quickly boiled up and vaporized the water.
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Long term orbital electrostatic effects formed the surface, short term heating up during
the fall event formed spherule of Kaposfiired

The shape of the ca. 2 kg mass Kaposfiired iron meteorite is regular. This means that
it is sculptured by a few larger and smaller bowls, characteristic of bodies which had long
term orbital exposition to solar radiation. The oval, ellipsoidal bowls are separated from each
other. The sharper or rounded crests form the scarp of these bowl-craters. These oval and
concave forms of bowl shaped surface pattern were found by one of us, (T.F.) to be strongly
similar to those cavities, which frequently develop on the anode pole of the electronic tubes.
‘The strong stream of ions produces these small cavities on anodes while electron-tubes are
in operation. Concave bowls on the surface of the Kaposfiired iron meteorite might have
been developed in such an an electrostatic ion-stream cavitation process, when the exposed
surface orbited the Sun. The surface of the orbiting iron meteorite body is always
‘bombarded by the UV radiation of the sun, therefore they get enough energy for outer
surface electrons to escape. This escape of electrons remains extra positive charge on the
orbiting body, which slowly begins to work as an anode, because of its very high, some
millions of volts electrostatic charge. Although initial liberation of Fe ions is random on the
surface, the activized points step by step become "collectors" of the magnetic flux, so lines of
magnetic force are denser in the vicinity of the forming bowls. On the basis of this
observation the bowl shaped surface structure may be produced in a cosmi¢ ion-stream
excavation process. Microscopic observation of the surface has also revealed, that a small
iron spherule is embedded in a surface bowl of the Kaposfiired meteorite. Its diameter was
about 100 micrometers. This may have been formed during the heating up of the falling
body. Its shape is regular spherical. This is the first observation that on site formation of
spherules may follow the atmospheric heating up of the meteorite.

Summary

This report referred that in situ spherule formation is possible during the fall of
meteorites. We also emphasized the electrostatic effects in bowl shaped surface crater
pattern formation on meteorites.
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Overview of studies on Kaba, CV3 chondrite
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HISTORICAL: Kaba CV3 chondrite has been stored at the Reform Church College at
Debrecen, Hungary since its fall on 15% April, 1857. We report on three kind of works began
on this old meteorite.

1.A new thin section at the Eotvos University, Budapest, has been prepared and
studied.

2.Reambulation of the strewn field were carried out at Hungarian Geological
Institute.

3.Theoretical works began about the two.stage alteration process which transformed
original composition of Kaba parent body.

1. TEXTURAL: The 42 BSE photographs of the new thin section made aboput Kaba
were used to fit a large image. This image exhibited the overall oriented texture, which is
well expressed not only by inclusion like objects but by the fine structure of matrix. The
larger elongated inclusions have longer dimensions more than 1 mm in the direction of the
overall foliation, and smaller than 1 mm perpendicular to it. Their number of more than 20
shows that not a selected region but a randomly selected part of the inner structure exhibits
the phenomenon.

The larger surface of a new thin section, (ca. 4 cm?) showed distinguished textural
characteristic over the great variability of the unequilibrated textural components. This was
an overall foliation, a kind of layered or laminated textural map. About 20 lineated textural
elements were found on this surface, of which we reported elsewhere, here we mention this
result for the sake of interrelations with other studies.

2. REAMBULATIONS ON KABA STREWN FIELD: The parallel work of strewn field
reambulation (Solt, 1996) has produced more then 500 spherulitic fragments. The
distribution of the different spherula types sketch the shape of the strewn field on the local
area NW of Kaba village. This fragmentation zone also shows the falling direction. Special
type of fragments, that is for example spherules in a matrix detect the real strewn filed of
the meteorite. We use PIXE and INAA analyses (mainly the REE content of fragments) to
separate real meteoritic fragments from those ones transported to the collecting area by
other events. :

3. THEORETICAL: Other groups studied KABA material in order to reveal global
thermal evolutionary history of this extraordinary carbonaceous chondrite. Many works in
the literature summarized fayalite origin and layered structure of Kaba, and other CV3
carbobaceous chondrites (i.e. Krot et al. 1997.) with various arguments, have shown the
role of aquacous alteration and subsequent dehydration in formation of fayalites.

The Kaba matrix is composed mainly from olivine, which has variable fayalite content
and contains olivine crystals in groups (up to 100 micrometers). These single or grouped
olivines has rims with considerable fayalite component. (There are different types of
refractory inclusions in Kaba, and we have found a remarkable spinel-rich spherule with
150 micrometers diameter, which is surrounded by Wark-Lovering type rims. Some
chondrules are surrounded by opaque belts, large majority of different coexisting metal,
magnetite and sulfide assemblages can be found in the chondrules themselves.) Matrix also
contains magnetite and maghemite (Mérton, Vértes A.) and also contains sulfides:
pentlandite and traces of troilite.




[image: image39.jpg]38 Annual Meeting of the IGCP 384: Budapest

SUMMARY: Our complex studies on Kaba showed 1. overall foliated, oriented,
laminated type texture, 2. possibility of new pieces of Kaba by reambulation, and 3. the role
of Na exchange or competition with H in the so called aquacous alteration of CV3 chondrites
parent body. Both foliation, on the basis of the other common textural characteristics
(layered chondrules, inclusions, opaque assemblages) are comparable and promisful for
studies on other CV3 chondrites (Allende, Mokoia, Bali).
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Cenozoic microtektite and clinopyroxene-bearing spherule layers
In marine sediments

B. P. GLASS

Geology Department, University of Delaware, Newark, DE 19716, USA
(Billy. Glass@mvs.udel.edu)

The distal portion of impact ejecta is highly shocked and consists primarily of melt
droplets that quickly cool to form microscopic glass spherules (microtektites) or partly
crystallized glass spherules (microkrystites). These glassy objects can be spread over large
areas of the Earth's surface called strewn fields. Four Cenozoic spherule layers or strewn
fields are known: 1) Australasian, 2) Ivory Coast, 3) North Amierican, and 4) clinopyroxene-
bearing spherules. The first three are microtektite layers, associated with known tektite
strewn fields, and the fourth is a microkrystite layer. The microtektites, by definition, do not
contain crystalline phases, but do contain lechatelierite particles and vesicles. They are
generally transparent. Microkrystites, on the other hand, do contain primary crystalline
phases (Glass and Burns, 1988) and are generally opaque or translucent.

Australasian microtektites have been found in ~50 cores in the Indian Ocean,
western equatorial Pacific, and Philippine, Sulu, and Celebes seas. This strewn field covers
~14% of the Earth's surface. The microtektites are ~0.78 Ma old and the microtektite layer
is closely associated with the Brunhes/Matuyama geomagnetic reversal boundary. The
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source crater for the Australasian strewn field is not known, but most authors believe that it
is in the Indochina area. The concentration or number of microtektites per square
centimeter increases from less than 1 (>125¢m)/cm2 at the edge of the strewn field up to
‘more than 3000/cm2 near Indochina (Glass et al., 1997). However, even in the sites where
they have the highest concentration they do not form a discrete layer, but are scattered
through a vertical section of >20 cm by bioturbation and other bottom processes. Shock
metamorphosed mineral grains have been found at sites within 3000 km of Indochina where
the microtektite concentrations are the highest (Glass and Wu, 1993). A weak positive Ir
anomaly has also been found at two of these sites (Schmidt et al., 1993; Koeberl, 1993).

The Ivory Coast microtektites have been found in cores from ten sites in the
equatorial Atlantic Ocean (Glass et al, 1991). The source crater for this strewn field
appears to be the 10.5 km diameter Bosumtwi crater in Ghana (Koeberl et al., 1997). This
microtektite layer is ~1 Ma old and is found in the lower part of the Jaramillo geomagnetic
event. The highest concentation, found in the core taken closest to Bosumtwi, is only 80
(>125¢m)/cm2. No shock metamorphosed mineral grains or Ir anomalies have been found
associated with this microtektite layer.

The North American (N.A) microtektite layer has been found at seven sites in the
northwest Atlantic, Gulf of Mexico, Caribbean Sea, and on Barbados (c.g., Glass et al., 1985,
Glass, 1989; McHugh et al., 1996). These microtektites are late Eocene in age (~35 Ma old).
The highest concentration is in the sites in the N.W. Atlantic where microtektites, tektite
fragments, and shock metamorphosed grains make up a 4-8 cm thick layer; but even in the
Gulf of Mexico, Caribbean Sea, and on Barbados the concentration is between ~900 and
8000/cm2. This suggests that the strewn field is much larger than is presently mapped.
Microtektites with similar ages and compositions have recently been found in a core from
the Maud Rise in the Antarctic Ocean (Vonhof and Smit, 1996). The source crater appears
to be the 90 km diameter Chesapeake Bay structure (Koeberl et al., 1996). Shock
metamorphosed mineral grains have been found associated with the N.A. microtektite layer
in the Gulf of Mexico, Caribbean Sea, and on Barbados, as well as, in the N.W. Atlantic
(Glass and Wu, 1993); however, an Ir anomaly does not appear to be associated with this,
layer.

Clinopyroxene-bearing (cpx) spherules have been found in 18 sites from around the
world and the strewn field may be global in extent (e.g., Keller et al., 1987; Glass et al.,
1998; Vonhof and Smit, 1996). An Ir anomaly is associated with this layer (Glass et al.,
1985; Keller et al., 1987); but, no shocked mineral grains have been found associated with
it. On the other hand, the cpx spherule layer is associated with the extinction of at least five
species of radiolaria (Sanfilippo et al., 1985). The cpx spherules range from dark to white
opaque to translucent yellow. The dark opaque cpx spherules are generally iron and nickel
rich and often contain Ni- rich spinel crystals, in addition to clinopyroxene. The white
opaque cpx spherules are generally Ca rich. The translucent yellow cpx spherules are
cryptocrystalline.
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The Terrestrial Impact Record
Richard A. F. GRIEVE

Geological Survey of Canada, Ottawa, Ontario, K1A OES, Canada

The Earth does not exist in isolation and is subject to solar system processes. One
such process is the impact of interplanetary bodies on the planets. Although only ~160
terrestrial impact structures are currently recognized, the much larger gravitational cross--
section of the Earth has resulted in the Earth having received more impacts of asteroidal
and cometary bodies than the moon throughout geologic time. The relatively unscarred
appearance of the Eartl, relative to the moon, is a direct result of the highly active nature of
the Earth's surface and upper crust, which serves to rapidly obscure and remove impact
structures from the terrestrial geologic record. The known terrestrial impact record,
therefore, is a biased sample of a much larger population of impact events. Although
terrestrial impact structures have the same basic morphologies as impact structures on the
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other terrestrial planets, the effects of post--impact, endogenic geologic processes are to
rapidly modify the original crater form. As a result, terrestrial impact structures are more
easily recognized by the occurrence of shock metamorphic effects in the target rocks than by
‘morphology. Anomalously high abundances of siderophile clements have been detected in
impact lithologies and ascribed to the admixture of a small amount of meteoritic material. In
some cases, it has been possible to estimate the composition of the impacting body. A
siderophile anomaly and, subsequently, the presence of shock metamorphic effects in
Cretaceous--Tertiary (K-T) boundary sediments were the initial indicators of the involvement
of a major impact event in the evolution of Earth history 65 million years ago. This event has
since been correlated with the buried ~180 km diameter Chicxulub impact structure on the
Yucatan peninsula, Mexico and is evidenced worldwide.

Evidence for a small number of other impacts occur in the stratigraphic record, most
commonly as tektite of microtektite horizons. In some cases, they are accompanied by shock
metamorphosed minerals and/or geochemical anomalies. These strewn fields occur on
continental scales. There are also some relatively localized occurrences of geochemical and
mineralogical anomalies in the stratigraphic record, which can be ascribed to impact. In a
few cases, a reasonable source crater can be hypothesized. There are, however, a number of
cases, particularly Ir anomalies, in the stratigraphic record for which impact has been
offered as an explanation but for which no other confirmatory evidence is available. The bulk
of known impacts in the stratigraphic record are from relatively recent geologic time, where
the record is most complete and easily read. Logic and the estimated terrestrial impact rate
(5.6<10-15 km) -2 a -1 for D >20 km, where D is crater rim diameter) dictate, however, that
many more impacts must be recorded in the stratigraphic record. Model calculations
indicate that relatively small impacts (D >20 km) have the potential to produce atmospheric
blow-out above the impact site and, thus, achieve continental to global dispersion of some of
the impact products. Geochemical detection of such events, however, will not be casy,
because of the relatively small signal against the integrated background of the daily infall of
cosmic material’ For this reasen, any claim of a geochemical signal of impact requires a
physical search for anomalous materials that can be ascribed to impact. In the case of
impacts into oceanic crust, this too will be difficult

Given the K-T and other experiences, impacts have the potential to proyide “local’ to
global synchronous marker horizons in the stratigraphic record. Large--scale impacts will
result in climatic and biological excursions of varying degrees. They, therefore, can be
considered as being a potential distal cause of such phenomena as some of the sudden
environmental excursions, as evidenced by stable isotope anomalies, in the stratigraphic
record.

Distribution of crater ejecta of the Bosumtwi impact-crater lake,
Ghana: comparison with the crater ejecta of the Ries Crater,
Germany

A.GUCSIK, Y. MIURA, S. FUKUYAMA|

Faculty of Sciences, Dept. of Earth Sciences Yamaguchi university, Japan

Introduction

The ejecta formations of the Ries Crater, Germany are well-developed and well-
studied, moreover, they can provide an adequate background to compare with other
unknown cjecta of terrestrial impact structures, especially at the Bosumtwi Crater, Ghana.
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There are many similarities between two craters which are divided into three groups: both
craters have well-developed crater ejecta which have been protected by freshwater
deposition, complex impact crater structure and tektite strewnfields. On the basis of all this,
it is the purpose of this presentation to report on the field observation in the Bosumtwi area
and describe the crater ejecta formation similarities between two craters.

Regional geology of Bosumtwi and Ries craters

The 1 m.y.-old Bosumtwi impact structure is located in the Ashanti Province of
Ghana, about 30 km southeast of Kumasi. It lies in a nearly circural depression 10.5 km in
diameter and the central part of this crater completely obscured by Lake Bosumtwi. The
Bosumtwi crater was excavated in Precambrian Lower Birimian phyllites, graywackes,
feldsphatic quartzites, granites and pebbly grits (Moon and Mason, 1967; Koeberl, 1998).
The 15 m.y.-old Ries crater, 24 km in diameter is located in Southern Germany. The
preimpact stratigraphy of this area is summarized as follows. The Variscan mainly biotite
granite, gneiss and amphibolite was covered by Lower Triassic sandstone, upper and Middle
Keuper (sandstone, silstoen, marlstone, limestone), Middle Jurassic (sandstone, marlstone,
limestone), upper Jurassic limestone and upper Miocene sands, marls and clays
(Engelhardt, 1997).

The ejecta formations of the Ries Crater

The ejecta formations of Ries Crater should be classified as follows: origin of the
fragments and their size (from thé basement rocks,-mainly granite-and sedimentary rocks),
stage of shock metamorphism (low and high shock level), distribution and sequene of
deposition. This classification was described by Stoffler (1974) and Engelhardt (1990):

1. Low shock level 1I.High shock level
1. Bunte Breccia, 4. Polymict crystalline breccias
2. Ejected megablocks of sedimentary formations 5. Fallout suevite

3. Megablocks and brecciated masses of crystalline rocks 6. Crater suevite .
On the basis of field observation in the Bosumtwi area, I would like to emphasize
two types of the Ries Crater formations.

1. Bunte Breccia

The one of the most importnant and extensive low shock level Ries ejecta formation is
Bunte Breccia. This polymict breccia consists consolidated and unconsolidated rocks from
the basement (mainly granite) and from sedimentary materials (clay, sand and marl). Bunte
Breccia has a chaotic texture and clasts and slumps of sand, clay or marl are up to several
meters in size. The distribution of this this breccia is located in the southern part of the
basin and the southern half of the morphological rim. The sedimentary formations were not
affected by shock pressures, however, some shatter cones (10 GPa shock pressures) were
found in this breccia at Ronheim quarry.

The sequence of deposition of Bunte Breccia shows a non-ballistically environment
(Englhardt, 1990).

2. Ries Suevites

The other main groups of of the Ries ejecta are suevites. The suevites can be
classified into two groups: fall-out suevite and crater suevite. Both groups belong to the high
shock level stage.

2/a. Fall-out Suevite
The fall-out suevite is located in the inner side of morphological rim as isolated
points and covers 7km2. Its' thickness of surface outcrops varies from a few meters to 30

méters (Engelhardt 1990). This polymict breccia structure with fragments of crystalline
rocks, sedimentary materials and glass bombs (sometimes penetrating into the Bunte
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Breccia) with all stages of shock metamorphism. The bombs have bowl-disk-and plate
shapes and they show aerodinamic environment. The size of its components is some
centimeters (Engelhardt,1997).

2/b.Crater Suevite

The remarkable difference between fall-out suevite and crater suevite is the crater
suevite does not consist aerodinamically shaped bombs (Engelhardt, 1995, 1997).

The classification and distribution of crater ejecta of Bosumtwi Crater

The outcrops of the Bosumtwi Crater should be divided into three groups. This
classification is based on the fragments, size of fragments and distribution of crater ejecta
formation which is summarized as follows:

LGroup ILGroup 1IL.Group
one rock type with polymict breccia with angular  is equivalent with the Ries
unbrecciated fragments*  blocks of many different rock Suevites
types,
1/a. Shattered rock with little 1-5 m in size-analogous with  max. thickness is12 m
displacement Distribution: Bunte Breccia** (probably)
crater rim
—covers 1.4 km?> its thickness is unknown but Distribution: - depression
more than 20 m***
1/b. Coarse rock in -Distribution: outer ridge  depression and outer ridge
fragmentary matrix between the rim valley

Ditribution: circular and
along the stream and outer
ridge

LEGEND
*  — This group was classified by Moon and Mason (1967).
" — Pohl et al., (1977)
***  — Woodfield (1966) described 20 thickness of this outcrops on the northern

part of outer ridge.

: compared with 25 m for the suevite in the Ries Crater (Pohl,et al 1977).
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Glass Spherules in The Orp Sands, Paleocene, Belgium
Frans GULLENTOPS

Historical Geology, University Leuven, Belgium

The Orp Sands are 4-8 m fine glaucontic sands representing the transgressive base
of the Gelinden Marls. Together these from the Heersian (Dumont, 1849) sedimentary cycle.
In the type localities of Orp and Gelinden they are covered by the base of the next
transgressive cycle, the Landenian (Dumont, 1849) — Thanetian. Nortwards in the Kempen
the Heersian sediments overlie the continental Eisden Formation, which covers Montian
calcarenites. The Gelinden Marls have a strong facies ressemblance to the Kerteminde Marls
both dominated by Bulimina trigonalis. Consequently the Orp Sands can be situated near
the base of the Upper Paleocene.

The bulk of the Orp Sands is finer than 125 um and consits of quartz grains and up
to 40% flint chips eroded from the underlying chalc. The coarser fraction is dominated by
autigenic glauconite and characterized by the constant presence of glassy spherules. The
spherules are perfectly round, clear and colorless or yellowish transparent, with a high
gloss. Diameters are between 200 and 400 um, so that they can easily be concentrated
Some levels contain more than 10 spherules in 10 g of sediment.

Abundance and freshness of the spherules indicates that the impact was not far
away in space nor in time. Approximately 6 Ma after the K/T boundary the absence of
weathering make sure that the spherules are independent of it. Analysis has been started.

Field survey of spherules from Madaras and Mociu
(Transylvania, Romania) Meteorite showers

Arpad HADNAGY!, Yasunori MIURA? and Jean Michel THERY?

1Geological Survey of Romania, Cluj Napoca Branch, P.0.Box 181,
2Yamaguchu University, Faculty of Science, Dept. Earth Sciences 753-3512, Japan,
39 Jardin Gabrieli, 37 000 Tours, R. France

In the past few years an increased interest is to be noticed concerning the meteorites
fallen on the territory of Romania, especially for those fallen on the Transylvanian territory
in the last century. The meteorite fallen at Mociu has been one of the best-described ones
inn the literature, these descriptions being made together by mineralogists from Hungary
and Vienna .

Modern investigations have permitted the enlargement of the horizon concerning the
origin of these meteorites, as well as the supposed direction of their fall over the spreading
area, but mainly their chemical constitution by using the electronic microscope.

In this paper the Romanian party has committed himself to the field investigations,
to clear up the historical, geomorphological and geological environment. As for the Japanese
party, he undertook the ultramodern investigation by using a JSM-5400 and a JED 2001
electronic microscope from the Yamaguchi University

As concerning the samplig of the material from Mosiu area and Madaras, there are
differences. In the first case the material was collected from recent alluvia and from those
supposedly being one centruy old. In the case of the Madaras-meteorite fallen on the 4
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September 1852 (between 4-5 p.m.), the material was collected from a lake called Istan-Tau,
that is God's Lake) which is, by the way a very rare name in the Transylvanian
hydronomies). unfortunately, this lake is now collapsing and there are very small chances
for rejuvenating it. The lake has become important to us as the biggest piece of meteorite fell
in this lake when seen by many eyewitnesses, along with a lot of small rocks. Our samples
have been taken thus exclusively from actual sediments and from sediments, which are
likely to be deposed in the lake for more than a century. Mr. Thery has immortalized on
photos the difficulties of the sampling.

In accordance to the preliminary results, the falling area of the meteorite from Mociu
is much richer in microspherules, including silicate tektites, but seems to be contaminated
with industrial materials, too. This is because it is closer to Cluj and Turda, while the
samples from Istan-Tau the magnetic spherules with or without Ni seem to be impact or
melting fragments, the falling area being not so polluted. The meteorite provenience of the
majority of the spherule fragments is proven by the analyses made by microprobe.

Spherules from Mocs and Mezémadaras meteor showers
Arpad HADNAGY!, Yasunori MIURA?, and Jean Michel THERY?

iRomanian Geological Institute, Cluj-Napoca Mineral. Branch, 3400 Cluj-Napoca, P.0.Box
181, Romania.

“Dept. of Earth Sciences, Yamaguchi Univ., Yamaguchi, 753-8512 Japan,

Singenieur Civil des Mines, 9 Jardin Gabrieli, 37000 Tours, France.

1. Field Survey (A. Hadnagy): Three kinds of spherules from Istan-Tau were collected from
area (3.5 km) of Mezomadaras meteorite field (fallen in 1852) from 1996 to 1997.

MD--1 \= 2 pieces (by Hadnagy) 2 pieces (by Miura for ASEM)

MD--2 \= 3 pieces 3 pieces

MD--3 \= 6 pieces 2 pieces (found in packages).

Four pieces of the MD-3 samples could not find at the Miura's laboratory. Six kinds
of spherules were collected from wide area (ca. 18 km) of Mécs meteor shower (fallen in 1882)
from 1996 to 1997.

MC--1 (from Vaida Camaras) 5pieces 2 pieces (at ASEM)
MC--2 (Ghirisu) 1 piece non

MC--3 (Mociu) S pieces S pieces

MC--4 (Chesau) 1 piece 1 piece (broken)
MC--5 (Barai) 3 pieces 3 pieces

MC--6 (Sic) ; 1 piece 1 piece

Three pieces of the MC-1 could not found at final eperiments.
Tablel: Typical compositions of spherules from Mezomadaras and Mécs meteor
showers :

o]
Samples  Mezomadaras (L3) Mécs (L5-6)
Oxides MD-1  MD3-2 (rim) (core) MC3 MC-5 (rim)  (core)
8i0, 4.0 3.0 10.0 4.5 14.0 24.0
Fe 96.0 35.0 11.0 95.4 44.0 22.0
Ni = 0.6 0.2 — - _
s - 47.0 10.0 - — —
Ca0O — - 58.0 ey 3.0 27.0

TiO, — — — - 28.0 7.0
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Three pieces of the MC-1 could not found at final experiments.
2. Analitical data by ASEM (Y. Miura): All spherules and fragments offered by Dr.Thery
have been investigated by JEOL Analytical electron microscopy at Yamaguchi University
[1,2,3).
1) Spherules from the Mezémadaras meteor shower show the following data (Table 1):
MD— 1:  Fe-Si spherule
12:  Lamellar texture
MD — 2-1:  Artificial products
2:2:  Fe-Si spherule
2:3:  Herring-bone pattern
2-4:  Droplet grains
MD — 3-1:  Two-layers spherule
3-2:  Two-layers spherule

2) Spherules from the Mocs meteor shower reveal the following data (Table 1):

MC— 1-1:  FeSi spherule

MC— 1-2:  Broken irregular grain.

MC— 3-1:  Fe-Si spherule
Broken irregular grain
Broken irregular grain
Two-layers spherule
Two-layers spherule
Broken spherule
Fe-Si spherule

MC—6:  Broken spherule s

3. Summary: There are three types of spherule data from two meteor showers: (1) Fe-Si
spherule, (2) two-layers spherules, (3) droplet or irregular shaped grains. Spherules from the
Final hitting site show Fe-rich (more than 95 atm. %), two-layers and irregular shaped
spherules, compared with those collected far from final impact site. Fe-Si spherules can be
found each impact site with different compositions. the Mez\H omadaras L3 chondrites with
gas-rich composition make two-layers spherules rimmed by volatile-rich composition of Fe-S
system (Table 1).

References

[1] Miura, Y. et al., 1998. Antarctic Meteorites (NIPR), 23, 96-88.
[2] Miura, Y. et al., 1998. COSPAR (Nagoya), in press.
3] Miura, Y. et al., 1998. IMA (Toronto), in press.

Spherule Research Possibility in Permian-Triassic, Triassic—
Jurassic and Cretaceous-Tertiary Boundary in Albanides

Jakup HOXHA!, Fatbardha CARA!, Peter SOLT?, Gyorgy DON?

!nstitute of Geological Research, Tirane Albania, *Geological Institute of Hungary, H-1143
Budapest, Stefania ut 14, Hungary

1. Introduction :
Albanian territory is part of the Mediterranean tectonic system and belongs the
Dinaride - Helenide realm. The geological structures developed in the Albanian segment are
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named Albanides. The strike of geological structures is NW-SE, Showing asymmetric folds,
generally reversed to west. Thrusting tectonics is the main structural feature of Albanides.

Regional transversal fault as those of Shkoder-Peja, Elbasan-Diber devide the
Albnide structures in several segments (fig. 1, 2). The Albanides show a normal continuation
in South, toward the Helenide in Greece, Toward the Dinaride in Yugoslavia.

I1. An overview of the geology.

In Mediterranean area, The alpine orogeneses began with intracontinental rifting in
the early Mesozoic times, locally followed by a major pulse of oceanic floor spreading. It is
ended with tectonic emplacement of ophiolites on to the continental margins during the Late
Jurassic to Early Cretaceous, corresponding to the major folding event. It is followed by
subsequent folding phase during the Eocene and Oligocene. Late tectonic movements took
place in the Miocene-Pliocene.

In the geological structure, Palaeozoic sediments have a limited distribution, being
exposed mainly in the eastern areas. A great development have the Mesozoic deposits mainly
of carbonate composition, spread to South - western, Central and northern part of Albania.
The deposits of Cenozoic-Quaternary age, mainly of terrigene character, have their main
development in the Western and partially in the Central region.

In relation to the Jurassic-Cretaceous folding phase, the External and Internal
Tectonic zones are distinguished in Albania. The external zones (Krasta - Cukali, Alpe,
Kruja, Jonian and Sazani) show a continuous sedimentation ranging from Triassic to
Eocene. In the Internal Albanides, largely affected by Jurassic- Cretaceous foulding pfase,
The Mirdita, Korabi, Gasgi tectonic zones are evidenced.

A wide spreading have the magmatic volcanic and plutonic rocks, chiefly of Mesozoic
and less of the Paleozoic age. The most conspicuous feature of the geological structure of the
Albanides is the development of the Ophiolitic formation. The ophiolitic formation is the
‘major geologic and metallogenic reference for the Albanian territory.

‘Sazani Zone is the westernmost tectonic zone of Albania. In the east, it is overthrust
by the Jonian zone. From the Late Triassic to the Oligocene was the platform area with
carbonate sedimentation. In the early Miocene flysch deposition started.

Jonian Zone was thrust westward over the Sazani Zone. It is platform area from the
late Triassic to the Middle Lias. After the Liassic rifting it became a broad pelagic basin, in
which radiolarite, limestone and thin bedded marl with chert were deposited up to the Late
Eocene. Flysch was deposited from the Oligocene to the Middle Eocene.

Kruja Zone represents a platform area with carbonate sedimentation from
Cretaceous to Eocene. The section culminates with Oligocene-Miocene flysch as was the
case for the Jonian Zone.

Krasta-Cukali Zone was thrust over the Kruja Zone. It represent a basin with pelagic
sedimentation from Triassic to the Eocene. The Triassic-Jurassic carbonate-siliccous
deposits were overlain by the argilaceous-sandy-marly flysch deposits that contain ophiolite
‘material. The section continuous with Tortonian-Maastrichtian-Eocene flysch.

Alpe Zone began with schist, sandstone, conglomerate and limestone with Phuzu 1
inide of the Permian. The terrigen and terrigen-carbonatic deposits of Lower Triassic
(T1?), the radiolaritic chert and tuffite of T2, limestone and dolomite of Tz, limestone with
Megalodonts, stromatolitic limestone and ‘dolomite of T. it is divides in twc subzones in the
Jurassic(Valbona, Malsia e Madhe). Limestone and limestone with concretions of J, flysch of
Cr (Valbona). Algal limestone and dolomitic limestone of J, limestone of Cr, claw of
Kimerigian - Tithonian, limestone of Maastrichtian.

Mirdita Zone has as its main feature the widespread occurrency of ophiolites. The
geodinamic history of the Albanian Ophiolites started in the Triassic~Jurassic ages with the
birth of an ocean basin between the Adria continental margin and the Pelagonian
microcontinent. At the end of the Eocene, it was thrust over the Krasta-Cukali Zone, even
Alps, Kruja and Jonian Zone.
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Korabi Zone represents by terrigene formation of O-D, terrigene-flysch formation of
C-T, conglomerate-sandstone formation of P-Ti, phyllitical schist formation with graptholits
of O-D, limestone of Js and J-Cr with serpentinite and volcanic rocks, limestone and schist
of D.

Gashi Zone included four formation sedimentary-volcano formation of Si-Di,
conglomerate-sandstone quarceous formation of P-Ti, gabbro-granodioritic formation of D~
Py and volcano-sedimentary formation of P;.

Albanian-Thesalian inner basin is filled with Eocene-Oligocene and Neogene
molasse sediments, lying transgressively over ophiolites and their cretaceous cover and
continental margins.

The pre-Adriatic depression includes thick Middle-Late Miocene and Pliocene
mollasse deposits that cover older deposits of the Jonian and Kruja Zones.

For two years we have collected 380 samples from this sediments in Albania for the
future spherule research. These samples are here in the Geological Institute of Hungary. We
have also 50 thin sections from these Albanian sediments for the paleontological and
sedimentological correlations. After discuss with the hungarian participations of the IGCP
384 it seems that the deep neritic, pelagic and bathial sediments are the bests for spherule
correlation horizons.

The question of the future to organize the laboratory work of the sediments and
instrumental analysis of the spherules.

Spherule and Microtektite Evidence for a Buried Impact Crater
at the Boudary between Lower and Upper Devonian, Catskill
Mountains, New York

Y. W. ISACHSEN

New York State Geological Survey/State Museum, Albany, NY 12230; E-mail
yisachse@mail.nysed.gov

Surficial Processes Lab., Department of Geography, Dartmouth College,
Hanover NH 03755 USA

Introduction: Panther mountain is located in the Catskill Mountains, a region of flat-
lying Paleozoic sedimentary rocks that forms the eastern edge of the Allegheny Plateau. It is
a circular mass, 10 km in diameter, located immediately west of Phoenicia, New York, that
rises 800 m above the valley floor. The mountain is defined by an anomalous circular
drainage pattern, vividly shown on Landsat images, that invites a geological explanation.
Initial work included photogeology (Landsat and stereo airphotos), surface geologic study,
shallow. seismic refraction profiling, gravity and magnetic measurements, and gravity
modeling [1].

Pervasive fluvial cross-bedding in the terrigenous strata of the region made it
impossible to determine whether the feature is slightly domical, slightly basinal, or
unwarped. However, it was clear that high joint density accounts for the greater erosion that
produced the circular valley.

Gravity mapping defined a crudely-circular negative anomaly with a relief of 6
milligals — most anomalous for an area of flat-lying stratigraphi 3000 meters thick. A
measured gravity profile was satisfied by a computed profile of a shallowy-buried (-1 km)
complex impact crater with a diameter of 10 km and & central uplift of brecciated. and
shattered rock ~1 km in thickness. The modeled crater, a syndepositional structure, would
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pass through the Middle and Lower Devonian section. The relatively high joint density that
is responsible for erosion of the ring valley is attributed to the influence of the buried crater
rim on the geometry of sedimentation, especially factors differential compaction and
cementation. The failure of fracture-controlled linear valleys north and south of Panther
Mountains to extend across the mountain mass is explained ba absorption of the regional
stress energy by impact-produced brecciation below.

Investigations: Direct accross to subsurface information is provided by the 2000
‘meter deep Herdman gas test well located near the northern edge of Panther Mountain. The
hole, produced by a percussion drill, yielded mainly 1-2 mm size rock cuttings. Such
cuttings are customarily bagged for every 34 m depth interval and used to construct the
stratigraphic section. Before archiving such collections in the State Museum, however, each
bag of cuttings is placed in a liter beaker of water, stirred vigorously and decanted to remove
the finegrained “dust” fraction.

Some 600 bags of such washed cuttings were painstakingly searched for spherules
and microtektites, using a binocular microscope with zoom lens. Thin sections were made of
selected grain mounts to search for planar deformation lamellae is quartz and other features
of shock metamorphism.

Observations: Seven magnetic spherules, measuring 0.2-08 mm in diameter were
found at the depth interval 573-578 m in the Herdman well. A pale brown microtektite with
gas bubble hollows was identified at 627-630 m. In the Armstrong well. located 12 km to the
west, three spherules were found at 902-904 m depth. No impact features were recognized
in the Herdnran well thin sections:

Interpretations: The washing of the samples probably removed most microtektites
that might have been present, as wel many of the very small spherules. The magnetic
spherules found in the Herdman and Armstrong wells fall in the same stratigraphic interval
and thus appear to represent the stratigraphic position of impact, namely, at the position of
the Middle-Upper Devonian boundary. The microtektite could also have originated at this
position and become dislodged from the wall when the drill bit had reached the lower levels.

Future Work: Microprobe analyses will be made of representative spherules. Cuttings
from several more distant deep gas test wells will be examined for further evidence of
impact, as will field exposures of the Middle-Upper Devonian boundary.

Reference

[1] Isachsen, YW., Wright, S. F. and Revetta, F. W. 1994: Northeastern Geology, 16, 123—
136.

Morphogenetic and chemical difference between
extraterrestrial and terrestrial spherules

Orsolya KAKAY SZABO

Hungarian Geological Institute, H-1143 Budapest, Stefania ut 14, Hungary
E_mail: kakay@mafi.hu

The different types of spherules are discernible by means of SEM and EDS study of
their chemical composition and morphogenetics. The spherules reveal all tie details of the
process which created them:

Therefore they can be distinguished and classified into genetic types by their
morphological and chemical properties.
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EXTRATERRESTRIAL TYPES: are of size 50-200 micron, which can be divided into
two genetic subtypes.

A. Blenddrops sprayed in the upper part of the atmosphere: These microspherules
are those which result as blenddrops from the cold meteorites which were abruptly heated
up in the atmosphere and then burst and disintegrated into their elements. They formed
blenddrops rich in gases of iron and of silicate content. They are the following:
1Glassy tektites (Si), 2.Magnetospherules (Fe),3.Tektite formation siderospherules (Si-Fe).

B. Blenddrops coming off from heated meteorite in the lower layer of the
atmosphere: The upheated blenddrop owing to the decreasing of its caloric energy separates
into droplets of iron and of silicate depending on the quantity of its caloric energy. The
caloric energy of a drop depends on the distance between the place of its separation from the
meteorite and the Earth,s surface. They are the following:

1. Perfectly separated siderospherule (Fe-SiFe), 2. Non perfectly separated siderospherule
(Si-Fe), 3. Non separated siderospherule (SiFe).

II. TERRESTRIAL TYPES: have 300-500 micron size.

1.Terrestrial magnetospherules (Fe)

2.Terrestrial glassy drops (Si)

Development of Nano-- and Femtosecond Laser Ablation and
Ionization Mass Spectrometﬂc Methods for the Elemental
Analysis of Spherules

Miklés KEDVES, Jézsef G. BAKOS, and Gadjik P. DJOTYAN

KFKI Research Institute for Particle and Nuclear Physics, H--1525 Budapest 114, P.O. Box
49, Hungary

In the framework of the IGCP 384 project we are developing laser mass spectrometric
methods for the elemental analysis of microscopic spherules collected at different locations
in Hungary. The main aim of our experiments is to obtain compositional results which can
help to find the correlation between the chemical composition and the (possibly
extraterrestrial) origin of the spherules. The development steps of the home-made time-of-
flight mass spectrometer arrangement used include fixing and manipulation of these micro-
samples, and application of different laser sources as well as various ablation and ionization
schemes in order to reach uniform detection efficiencies for the different components. The
earlier measurements applying simple laser plasma ionization provided qualitative and semi-
quantitative compositional results on magnetic and glassy spherules. However, uniform
detection efficiencies for the different elements in these diverse matrices could not be
achieved. Therefore, a new femtosecond laser ablation plus post-ionization scheme is ‘being
developed, which has already given promising results in preliminary experiments for the
detection of sample components of strongly differing ionization potentials.
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The impact craters found at Khantayshir mountain slope
P. KHOSBAYAR!, Ch.GANKHUYAG?, U.ENKHTUGS?, Kh. ARIUNBAYAR!

1IGMR of MAS, 20chimpex Co.Ltd, *Quincunx Gold Exploration Co.Ltd

On the way of geological mapping two ring structures have been discovered in the
Northern and Southern slopes of Khantayshir mountain. These two ring (impact) structures
are clearly recognized on air photo of scale 1:32000.

Crater No.1 is labeled Biger, locating between the Southern-slope of Serh mountain
Khantayshir range and the North western boundary of Biger depression. The center point
location of Biger ring (impact) structure is measured by GPS, resulting that the coordinates
are 45°59'04" N and 97°03'46" E. The Biger ring (impact) structure is generated on the
surface of proluvial sediments at Southern slope of Serh mountain. The rim diameter of the
ring is 133m from West to East and 140m is from South to North. There are two concentric
banks/rims of which the height of the lower rim is 9m and the upper/or higher one is 15m.
At the Northern rim the outside slope inclines 10° and the inside slope 15°; but at the
Southern rim the inside slope inclines 30° and the outside slope 15°.

The crater is full of sediments and grassy soil. The inside diameter of the rim/bank is
82m. The thickness of Quaternary sediments is thin at the Southeastern side of the crater.
Lower-Middle Cambrian limestone, sandstone, siliceous siltstone,andesite and tuffaceous
rocks take part in this bank-‘and crater structures. Though the strike of foliation is 65° to
70° to the North-north west, these Cambrian rocks are brittled, brecciated, and partially
limonitized. A gris texture in the limestone is found in some places. Crater No.2 is labeled
Khantayshir, locating at the Northern slope of Khantayshir mountain. And the crater
dissects the terrace border, which is originated from Quaternary proluvial sediments.

The Northern slope of the Khantayshir mountain inclines 5° to North. This impact
crater is named "hollow like kettle" by local people and presented as an asymmetric lowland.
The center point of this lowland is measured by GPS, resulting that the coordinates are
46°15"53" N and 96° 33'08" E;

The Southern rim of bank is steeply inclined and the height is 10m. The North rim
has a gentle slope and the height is 3m. The rim diameter is 90m from West to East and
88m from South to North. The rim is disappeared in short distance at the Northeast side.
Although these two impact craters are different in size, the structure type is similar, like
that the Southern rims of both craters are higher and steeper than Northern one. Also both
are originated on the Middle-Later Quaternary flat surface of diluvial sediments. Therefore,
both are of Late Holocene age. The age is determined on the basis of local geomorphology,
water set, terrace structure and preserved mode. The samples taken at these impact craters
are under laboratory analyses, now.
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Geological structure of the impact crater of Tavan-Khar-Ovoo
(Mongolia)

P. KHOSBAYAR!, Ch. GANKHUYAG?, U. ENKHTUGS?

Unstitute of Geology and Mineral Resources of MAS, 20chimpex ltd, *Quincunx Gold
Exploration Ltd

The impact crater of Tavan-Khar-Ovoo is located in Northeastern part of Dulaan khar
uul uplift in range of Eastern-Gobi depression. The presentation about the time in origin
and about genesis of this structure is changed repeatedly in range of the history of its
knowledge. Local people call that large funnel, Bayan tsar or Bayan Khuree is Rich Crater or
rich ring.

1976 L. 1. Shkerin (2) noted about the ring structure as crater form structure of
Tavan-Khar-Ovoo (name of hill is Tavan-Khar-Ovoo, which means Five Black Hills). In
consequence, the structure of Tavan-Khar-Ovoo is investigated by A. I Raihlin,
P. Khosbayar, E. S. Gorshcov (1990), and is considered as impact crater.

Low-mountain relief massif of Dulaan Khar Uul there is located impact crater, is
presented by lineal tectonic blocks, which are composed by both green stone spilite-diabases
and tufogene:greywackes siliceous-schist formations, which are trended all by North-eastern
strike. The rocks are cut by dike series of diorite and small subvolcanic bodies of rhyolite
and granite-porphyry in Eastern part of the crater. The sedimentary-volcanogenic rocks,
which are the component of low-mountain relief massif at Dulaan-Khar-Uul,
metamorphosed in greenstone facies, also intensively schistosed and folded. These
formations are the folding-block structural elements of Gobi-Khingan zone of South-
Mongolian variscides and are characterized at that area the linear structure block structure
(Geology MNR, 1967, Vol. Ii).

“The geclogical map of Tavan Khar-Ovee
impact sructore,
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Inside in the tectonic block have been observed steep monoclines, narrow brachyform folds
‘with steep angle of dip to 70-800 on limb. Tavan-Khar-Ovoo crater formed in metamorphosed schist
and effusives of Silurian-Lower-Devonian age. The morphostructure of this crater is good exposed in
‘modern relief and is distinct mirrored on landsat and air photos (photo 1). The crater is located in 103
km South-west from Sainshand town. It has rounded-form with good exposed ring bank. The
diameter by ridge of the bank is 1,35 km. The difference between the bank ridge and the bottom of
crater funnel is more than 70 m in East side, about 50 m in West. The depth of Tavan-Khar-Ovoo
crater funnel is more than 40 m. The bank height on surrounding place is 3-25 m. The crater funnel,
which is on plan isometric rounded form, is filled by eolian sands. The special sediments of upper
member of overlay complex are presented in fig.2. Judging from the character of crater structure there
is preserved socle part of meteoric crater of Tavan-Khar-Ovoo, that is socle and inner, and external
bank on socle uplift. The rocks of socle complex came on bank of crater are presented by fractured
breccias and sometimes week displaced blocks of crystalline schist (authigenic breccia ).

On these relations it is considered as good appeared paleo-crater. There are observed a
radial and concentric faults following by fractures of various size. The radial-concentric
systems of fractures of Tavan-Khar-Ovoo crater in its socle part are discovered by geometric
dislocation as type of meteoric body explosion. The boundary of Tavan-Khar-Ovoo crater is the
ring faults with diameter about 1.8 km. At main ring bank have been observed and good
deciphered external concentric ring faults with diameter from 1.4 to 1.8 km. The radial faults
and fractures are discovered and traced by socle bank too. The length of radial faults extends
10300 m, in average from 30-110 m, by width from 0.1 to 1.8 m. The concentration (density)
of ring faults and fractures slowly decreases as removal from crater center to periphery (Fig.1).

In South-Eastern part of socle bank have been observed separate milled blocks and
flakes, which are overlapped and dislocated on underlying blocks, they formed small
centrifugal overthrust sheet by the margin of funnel, what this part is belonged to cover-
flaky character of mass. In inner part ring inner bank is preserved specially along
Southeastern margin of funnel. This bank is good deciphered by aerial survey. Two ring
banks are bright observed in preserved socle uplift structure

On the geological profile, which is made through the Southeastern part (azimuth of
strike is 1500), have been showed the structure of bank. In South-eastern and Northeastern
part of the inner slope of ring bank of the crater, which is filled by sand, amang which are
contrasted by light-green, red-gray, light-yellow colored siltstones and clays with the
intercalations of lucid gypsum. Judging from all they are formations of the filled complex.
Followed note, what in 25 km from the crater of Tavan-Khar-Ovoo to Northwest there is
located operative Unegt deposit of gypsum, which connects to mottled sediments of Upper
Cretaceous. By the focusing to study the filled sediments of the crater had been put two pits
with depth to 1.5 and 1.8 m in Southeastern part of inner slope of the crater.

On the wall of first pit, which located from the ridge of inner bank in 15 m, had been
opened following section:

1 Modern sands, which are filled the crater - 0.3 m .
2. The ferruginization zone is developed by strong fragmented greestone altered schists.

Fig2. Geologicalprofile south-<astem part of the crter.

1. Modem sands; 2. Upper Cretaceous motled gypsum-bearing sitstones and
clays; 3. Allogenic breceis; 4. Lower Cretaccous sedimentary. formations - clays,
‘mudstonecs, marls, limestones with lenticulars of feshvater faunss; 5. Crystalline schist
by Silurian-Lower Devonian volcanogenic-sedmentary formations, 6. Metadiorte dikes:
7. Fauls, 8 Brecciaton tocks with stucture “gris”, 9 Pits,
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Carbonated rinds (authigenic breccia) are observed by fractures. In 30 m beneath
from the first, in the second pit - had been opened light brown colored sands, which fill the
crater - 1.3 m. Under the modern sands had been opened yellow-brown colored clays,
yellow-green, red colored siltstones and breccia with green colored argillic cement, thickness
0.5m.

In the lower part of the pit had been opened sediments, which are composed of small
angular fragments of micaceous and micaceous-feldspar quartzite-schists, and such
fragments of quartz, rare plagioclase, cemented argillic-carbonate materials, which are
composed 30-50% volume of rocks. This redeposited small-fragmental allogenic breccia is
the basal horizon of filled complex.

Among modern sands are occurred in small outcrops of breccia, which is composed
of angular fragments of schist and quartz. In separate thin sections have been noted unitary
fragments of polymictic impact glass of light-tan-and brown tan colors, sometimes with well
defined fluidal structure. The size of vitroclasts exceeds rarely first of mm. These rocks are
‘migrated (allogenic) breccia, which is belonged to coptogenic complex.

Sometimes in quartz grains have been noted bad defined planar elements (1 system).
In the rocks, which compose slopes and high ridge of socle bank, in particular in Eastern
part of the structures there are pervasive distinguished distinct features of impact effect.

There is developed a mortar "gris", which is more noticeable in rhyolites. The cones of
destruction are well definited in crystalline schist.

The analysis of geological settings of the area, on which is located the structure of
Tavan-Khar-Ovoo, is allowed the time determination of its generation. Lower-Cretaceous
deposits transgressive overlap on Eastern margin of the crater and encircle on the outside
margin of already formed paleo-relief of Tavan-Khar-Ovoo crater. They are composed of
alternated thin-bedding green-gray and gray colored clay, mudstones, marls, limestones-and
black, brown colored, combustible shale, sandstone. There are noted silicified marls, which
are gradual transition to underlying light marl and limy mudstone. Almost in all these
varieties of limy rocks the remains of freshwater faunas occur by big quantities. Here is
noted a shell-bearing thin horizon. In whole series has rhythm structure, which slopes
nearly to East, dip angles of beds smooth out from 150 to 50 in that direction. General
thickness of sedimentary series is more than 100 m. At the structure had been collected the
following freshwater faunas: :

Mollusks: Limnocyrena wangchinensis Grab., Limnocyrena anderessoni Grab.,
Lioplax reissi Ramm., Viviparus paludinaeformis Hall, Bitynia dzunbainsis Mart.,
Probaicalia vitimensis Mart., Cypridea profusia Mand., Cypridea acutituberculata Gal.,
Lycopterocypris infantus Mand., Darwinula tubida Mand. Explicit species bear witness
about Early-Cretaceous age deposits (Lowest Neocomian). In the sandy grains of quartz
from sandstone which formed lenticulars and inter beds in lower part of the section of
Lower-Cretaceous there are discovered planar elements. In the section of Lower Cretaceous
deposits there is not observed any alterations of impact metamorphism. On the base of
paleontology and geologic data the' age of impact structure of Tavan-Khar-Ovoo is
determined as Early-Cretaceous and it is not Cenozoic as earlier counted by Shkerin L.M.
(1976). .

Moreover, crater structure is well defined by geomagnetic field. On the background of
common gradual decrease of T value -from Northwest to Southeast, there are sharp
distinguished the boundaries of the crater. In range of the crater there is observed ellipse-
like negative anomaly, the intensity of which is 50 nTl (nano Tesla, by data of Gorshkova
E.S.). Thus, the geological situation of Tavan-Khar-Ovoo ‘crater, the presence of destruction
cones and breccias in crystalline rocks of the socle bank and portal structures "gris", which
are characterized for meteoritic crater, discovery of the fragments of impact glass, and
quartz with planar elements is indicated to the features of impact metamorphism. In spite of
direct presence of meteoritic fragments and meteoritic matters. Mentioned above the



[image: image57.jpg]56 Annual Meeting of the IGCP 384: Budapest

geological morphostructural data and the features of impact metamorphism bear witness
about impact origin of Tavan-Khar-Ovoo crater.
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Present and Past Variability of Particle Fluxes in the Heliosphere
Solar, Heliospheric, and Galactic Events and their Terrestrial
Effects

Péter KIRALY! and Arnold W. WOLFENDALE?

IKFKI Research Institute for Particle and Nuclear Physics, H-1525 Budapest 114, P.0.B. 49,
Hungary,
2Department of Physics, University of Durham, UK

Gradual variations and sudden changes (or "events’) in the close and distant
environment of Earth may influence conditions for terrestrial life. As climatic and biological
responses to external effects are highly selective, and often also non-linear and time-delayed,
cause-and-effect relationships for specific events are not easy to establish. The main
emphasis of this paper is on the radiation conditions and their variations, together with
possible changes in the protective shield or "cocoon” of terrestrial life, which mitigates the
dangers of external effects.

Galactic cosmic rays, probably accelerated mainly in supernova shocks, have a hard
spectrum, and penetrate the protective shields of interplanetary spacecraft to a large extent.
Radiation levels due to cosmic rays provide a marginally limiting factor for long human
space flights. The situation would be even worse without the protective effect of the
heliographic magnetic field, which reduces (or modulates) radiation to lower levels than
would be encountered in nearby interstellar space. The terrestrial atmosphere provides a
much better shield; in fact, it is equivalent to about 10 meters of water surrounding the
astronaut. Only secodary, tertiary etc. cosmic rays can reach ground level, with much
reduced intensities. Before entering the atmosphere, the terrestrial magnetic field also
deflects the majority of the charged particles (except for the polar regions of the
magnetosphere). Thus, at present-day intensities, cosmic rays present less danger for life
than the natural radiactive isotopes. Solar modulation provides a 11-year periodicity of
cosmic rays, with lower flux levels at solar maxima than at minima. The variation is opposite
for energetic particles accelerated by the Sun and in interplanetary processes; their spectra
are softer, thus radiation shields in spacecraft are effective against them (and, of course, so
is the Earth atmosphere and magnetosphere), except for rare events with very energetic
particles and hard spectra. For long-term spaceflight, such events provide most of the
unpredictable danger, and shielding is difficult.

In addition to the charged particles of cosmic .rays and the solar/heliospheric
component, neutral particles (photons and neutrinos) also arrive to Earth. Neutrinos easily
penetrate the atmosphere and even the Earth, causing practically no effects, in spite of the
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large flux and substantial energy density they carry. Hard gamma-rays, on the other hand,
are well absorbed by the atmosphere, and their flux is much lower than for normal cosmic
rays. Bigger chunks of matter, such as comets or dust grains, are at present also rare, and
represent little danger. However, impact craters and spherules show that in certain periods
of the past they played a much more important role.

As to the connection between increases in external radiation levels and some of the
mass extinctions of species, the plausibility of causes and effects has to be rather carefully
assessed. The most effective protective shield is distance, and the inverse square law. A
supernova explosion is expected to occur very rarely close enough to have a direct effect on
terrestrial life. A prompt optical and UV flash would certainly reach the Earth, but that first
flash is unlikely to cause a lasting effect. X and gamma radiation, arriving somewhat later,
would be mostly absorbed in the atmosphere. Although very energetic cosmic rays might
arrive within a few years, their energy content would be small,and an important effect on life
is unlikely. The main component of cosmic rays would arrive much later, probably together
with the shock. The shock might push back the solar wind and set the Earth more open for
direct effects, but the atmosphere would still effectively protect life against radiation — even
if cosmic ray fluxes at ground level increased by a factor of ten or so. Very large fluctuations
in solar activity, mainly if combined with a reduction of terrestrial magnetic field, might
perhaps give a more plausible explanation for some of the mass extinctions. -However, as
discribed in some detail by Ellis, Fields and Schramm (ApJ 1996, 470, p. 1227), A
supernova at a distance of 10, or even several 10s of pc, might have caused serious
extinctions, if other conditions weree "favourable"

At present, the anisotropy of cosmic rays is extremely small, indicating no important
single-source contribution. However, supernova effects on cosmic rays may be observable
even for present-day cosmic rays, and some discussion will be given on relevant
observations. There is evidence in the change of direction of cosmic ray anisotropy with
energy to suggest that such a supernova shock is approaching towards us. Parameters of
that suggested event and of other events with possible important impact in the last hundred
thousand years or so will be discussed in some detail.

The study of spherules and aerosols. What is common in the two
research fields?

A. Z. KISS, E. KOLTAY, 1. BORBELY-KISS, L. UZONYI

Institute of Nuclear Research of the Hungarian Academy of Scences (ATOMKI) H-4001 P.O.B.
51, Debrecen, Bem tér 18/c, Hungary

The study of spherules and aerosols is considered usually as two different research
fields. Spherules are studied mainly to get information on extraterrestrial events and their
influence to the Barth in different-geological ages (ie. the global correlations between
various geological and environmental effects in the geological past), while aerosols are
investigated to understand their effects on the global climate and its change on the Earth.

On the other hand great amount of interplanetary dust and also different sizes of
meteorites reach the Earth in all time and while sinking into the atmosphere they are
present as aerosol. It is important to distinguish between particles according their
(extraterrestrial or terrestrial or antropogenetic) origin.

The talk will discuss the common analytical technique of elemental composition of
both spherules and aerosol particles (including the difficulties, similarities and differences
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in sample collection). As a_conclusion makes an effort to answer the question posed in the
title.

New Information on Craters from Remote Sensing Data
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Most of the craters so far detected are located in the civilized areas, however, there
will be many craters in the untrodden areas, for example, Siberia, Amazon, and Africa. It
will be possible to detect unknown craters and to get new information on craters by an
appropriate processing on satellite remote sensing data including SAR (Synthetic Aperture
Rader). Here, an example of such a result on a crater will be shown.

On the H20-NA20 competition/cooperation in carbonaceous
chondrites

B. LUKACS!3, Sz. BERCZI?3,

ICRIP RMKI, Hung. Acad. of Sci. H-1525 Budapest 114., P.0.Box 49.Hungary, *

2E5tvds University, Dept. Petrology, Geochem., H-1088 Budapest, Mizeum krt 4/a.
Hungary, i

3EStvds Univ., Cosmic Mat. Res. Gr. Dept. G. Technology, H-1088 Budapest, Rakoczi tit 5.

ABSTRACT: Kaba CV3 (Reform Church College, at Debrecen, Hungary) exhibits an
overall foliated texture, (Bérczi et al, 1998), which is well expressed not only by the
arrangement of inclusion-like objects but by the fine structure of the matrix. Considering
the results of Tomeoka and Kojima, (1995), and Krot, Scott, Zolensky, (1996, 1997, 1998)
about the two stage alteration in such carbonaceous chondrites, (Calyton et al, 1997),
especially in CM2 and CV3 chondrites, we wanted to see how the aqueous alteration and
dehidratation can be observed in bulk compositional data of the meteoritic H0 and Na:;O
contents. Therefore we studied the H,0 and Na;O compositional data of the NIPR Antarctic
Meteorite Catalogue (Yanai, Kojima, Haramura, 1995) and have found a kind of
competition /cooperation trend during the thermal evolution of carbonaceous chondrites.

TEXTURE: The main observation was (Bérczi, et al, 1998) that the larger clongated
inclusions (more than 20 pieces in the larger surface of a new thin section, ca. 4 cm?) have
longer dimensions more than 1 mm in the direction of the overall foliation, and smaller than
1 mm perpendicular to it. (The number: more than 20 shows that not a selected region
exhibits this phenomenon.) The overall foliation, fits to the large picture developed and
reported by many authors, that metamorphic and sedimentary processes touched the
surface layers of the CV3 parent body.
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THE ENVIRONMENT OF A CARBONACEOUS CHONDRITIC PARENT BODY: The
environment at the meteorite parent bodies is rather unfamiliar; we know practically only
the terrestrial chemistry which is seriously different because of 1) enhancement of rare
elements by gravitational and thermal properties and 2) the overwhelming dominance of
Hy0. The first phenomenon was absent everywhere except the few biggest asteroids as e.g.
basaltic Vesta (see in due course); the second is expected at cca. Jovian distance (cf. the icy
Galileo satellites) and outwards (Chiron?). Instead of theoretical constructions it is wiser at
the present stage of art to rely on meteorite observations. (In our earlier paper we studied
the possibility of ammonia and ammonium substitution into silicates during Solar System
chemical evolution. Both NHu-ionic and NHy ‘crystal-water-like' constructions were
considered (Bérczi, Lukacs, 1995, 1996, 1997), and buddingtonite and other ammonium
silicates were collected. We found small possibility for such minerals in the solar system,
because of the overwhelming weight of K over NH; and HzO over NH. Similar way of
thinking oriented us, that H;0 and Na;0 may also competite for positions in silicates if they
are present in the system. However, their competition is not one between equal rank sides,
also because the cosmic abundance of H is larger with almost 4 orders of magnitude
compared to that of Na. Therefore we hoped to see both competition and cooperation in
statistical data.)

STATISTICAL DATA OF H,0-Na;O IN CARBONACEOUS CHONDRITES: At present
the largest (and also less distorted) database is the NIPR Catalog of Antarctic meteorites
(Yanai, Kojima, Haramura, 1995) of cca. 550 meteorites. We projected Si normalized Ho0
and Na;O data for CI, CM2 CO3, CV3, and 3 type E and ordinary chondrites. These data
show the following:

1) In chondrites the average Na/Si ratio is well below the theoretical ratio, the cosmic
abundance ratio 0.046 for weight (Cf. Eva Novotny: Introduction to Stellar Interiors and
Atmospheres; Oxford University Press, 1973). It seems that either the abundances need
corrections or at chemical condensation some Na remained in the interplanetary gas and
had different fate.

2) Even accepting this, the Na/Si ratio is extremely low in C chondrites, including
C2's, which are however rather primordial.

CONCLUSIONS: Both for CM2's and for COS’s there is an expressed anticorrelation
between H/Si and Na/Si. Perhaps this was caused by competition and substitution. For C3's
the water content is much lower than for C2's; maybe between petrologic types 2 and 3 there
was a "drying up", but this is difficult to check because we do not know 2's from E's, H's, L's
and LUs. Obviously Na/Si does not depend on petrologic types among Cs, so the
temperatures in C evolution were not enough to expel Na. We are expecting soon spherules
of C4 and C5 from the reambulastion of the Kaba site, because the small droplets of CV3
Kaba must have undergone more intensive thermal impact.

still, ordinary chondrites show higher Na/Si than C's; maybe this is a surviving trace
of their primordial lower H content.

Looking for basalts the oldest and lest differentiated basalts are very poor either in
Na (<0.1 cosmic abundance) or in H. Going to later, differentiated basalts on the
diogenite->howardite->eucrite steps both Na and H increase; maybe because both alkali
metals lower both specific density and melting point.

SUMMARY: Although the environment at the meteorite parent bodies is rather
unfamiliar, and seriously alien for our terrestrial thinking (because of terrestrial
enhancement of rare elements by gravitational and thermal properties, and the
overwhelming dominance of Hz0), during the hydratation and dehydration process found
mostly in CM2 and CV3 chondrites, a competition may be expected between the participant,
but nonequal rank components of H,0 and Na;O. This competition may appear in spite of
the almost 4 orders of magnitude difference in cosniic abundance between H and Na since
many H-bearing compounds remain gaseous. However note that the the tangent of the
dashed line is not the -1/23 expected for complete substitution, but steeper. This probably
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‘means that H0 can appear in two roles as structural and superfluous hydrogenoxide, while
Na;O can practically play the first role. There is no possibility to substitute H with Na in the
second. The competition seems to be present in the bulk compositional data of different
types of carbonaceous chondrites, especially those between CM; and COs, which are the
‘most numerous in the NIPR Antarctic Meteorite Collection (Yanai, Kojima, Haramura, 1995).
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Preliminary SEM and EPMA investigations on KTB spherules
from the Pernambuco area (Northeastern Brazil)
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Spheroidal particles looking like tektites or microtektites have been recovered from
levels immediately below and above the K-T Boundary in the Potty Quarry (Pernambuco
Area, NE Brazil[1, 2). We examined a total amount of 30 spherules, from beds A & B (below
the boundary) [2] and C, D, & E (just above it)[2]

Under classical optics : The vast majority of rounded particles consists of small (80-
200 micrometers), faintly translucent- to opaque- brownish spherules, with shining luster.
These common brownish samples consist of maroon translucent veneer (or shell) covering
an internal aggregate of yellowish matter. Other, less frequent spherules are yellowish to
orange and may be greasy. One is dull, soot-black. None are transparent. A special kind of
white spherules from bed A is abnormally large (0.6-0.8 mm) and curiously looks like
sugared almonds.

We did not find shapes undoubtly derived from aerodynamic processes. Most
spherules are round, some are potatoe- or bean-like; uncommon ones are pear-shaped. Rare
nodulous, compound forms also occur.

Surprisingly, mechanical behaviors proved to be valuable criteria in exploring the
Pernambuco spherules. One can distinguish this way:

(1) Fragile, brittle spherules, that explode under moderate stress (as exerted manually, by
means of a steel needle). “Explosion” leaves yellowish powder and clods from the interior of
the spherule, plus shelly fragments from the harder external cover. Most common, brownish
spherules belong to this category.

(2) Extremely resistant, hard spherules, by far too firm to be broken with a needle. These
are much rarer samples mainly found in beds D and F

3D SEM observations (SE &BSEmodes, semi-quantitative X-EDS) .Intentionally
broken samples clearly show that the fragile spherules consist of thin (0.5-5 microns) crust
of an F- or Cl- rich Apatite enclosing an interior aggregate of minute calcite- and/or
dolomite- crystals (individual size : 0.5-3 microns). This internal aggregate of globular and
rhomboidal “crystals is loosely packed. It may form vague concentric arrangements,
reminiscent of oolitic textures. Jt seems that the fragile, brittle spherules —the most
common ones in the Pernambuco section— simply result from diagenetic processes involving
dolomitization of calcitic oolites, and encrustation by common apatite precipitates.

The much rarer, resistant spherules do not significantly differ from the brittle ones
in broad shape. The major difference lies in internal organization of the spherule. This
consists of dominant, concretionary Ca- and F- rich phosphates (with low Fe and Al
content). Some Iron sulfides also occur. Pervasive concretioning of phosphates, and
conspicuous zoning of sulfides, both strongly advocate the complex, diagenetic origin of the
spherules. Moreover, one sample contains obvious fossils (oblong, crenate sections, 10
microns in main diameter), and others have ovoidal concretions highly suggestive of organic.
remains. All these characteristics again correspond to normal diagenetic processes and show
no indication of a tektite derivation nor direct correlation with an impact event.

However, one resistant spherule of similar composition shows noticeable relics of a
regular textural pattern : in this case, phosphates replaced an unknown mineral involved in
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lamellar arrangements. The same sample also encloses a small (10 micrometers) relict of K-
feldspar resembling sanidine: this is the only instance yet found in these spherules, that
might appear as an extremely weak clue to the impact scenario.

The white spherules from layer A lead to far more original results: these giant
samples perfectly keep their look of “sugared almonds” under increasing magnification. They
seem being sprinkled with sugar crystals... that prove to be fluorite (with minor amounts of
calcite)! Local "windows" show that this “fluorite sprinkling’ itself covers native sulfur. Such
strange spherules thus probably result from most extreme diagenetic processes involving
Fluor mobility. Possible relationships with impact events at best remain unclear in that
case.

Finally, the only sample likely to derive from an impact is a highly vesicular black
spherule of carbon from bed D (60 microns in diameter, with 2-20 microns vesicles).
However, all vesicles are clean and empty, and this splendid soot-like spherule most
probably results from modern, industrial contamination.

EPMA analyses (19 points) were performed on 3 polished sections of resistant
spherules, to verify the main characteristics of the phosphatic component. Predictable
results came for sample D, but quite surprising Fluor anomalies were found in apparently
homogeneous “aphyric" apatite coatings of samples F1 and F2. These anomalies seem to
result from extreme dissemination of fluorite crystals, whose size is well under the
resolution of the microprobe. Gross estimates (assuming Fluorapatite fully saturated in F)
show that Fluorite may be as much as 60% in excess over Apatite. This reveals that
unsuspectedtrends towards pufe Fluorite can currently occur in phosphatic coatings,
without any noticeable modification of their external aspect.

N_Si0, ALO, FeO MnO MgO CaO Na0 KO TiO, POy F__ Cl_SO, Towl Flwe Ap
D 5 01 00 05 00 05 541 LI 00 00 304 48 01 21 938 43 719
FI 9 05 02 10 00 07 645 08 05 00 81 390 03 16 1172 785 192
F2 5 L1 07 1,1 00 07 592 07 04 01 90 351 02 26 1109 705 212

‘Mean values for D, F1, F2 samples. N= number of analyses. “Flute'= computed % Fluorinevs. Apatite; "Ap’ = %
Apatite. Some of he observed discrepancies in the sum of oxides normally result from the presence of OH and CO3
in the Phosphatic component. Others seem to be due to exceptional abudance of dissemenated carbonate
minerals. :

Conclusion

From preliminary observations, it thus appears that the vast majority of the sampled
Pernambuco spherules shows no obvious connection with tektites. Moreover, the
Pernambuco phosphatic component mostly consists of F- rich apatites, clearly distinct from
Al- or Fe- rich phosphates from KTB tektites. It seems that the spherules from the Potty
Quarry are not accurate recorders of impact events, although these events have been
established in the same quarry, from coherent sedimentological, chemical and
paleontological. data. Instead, the- Pernambuco spherules seem to be excellent recorders of
diagenetic processes, especially those involving Fluor. They might provide completely new
insights into the behavior of Fluor in diagenesis.
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Glassy spatters in mid-Triassic limestones from Asz6f6
(Hungary): tektites from Anisian impact, or Pele's pranks when
opening Tethys?
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Glassy particles have been recovered from Anisian sediments of the Northern rim of
lake Balaton (Pelsonian substage, Balaton Highlands, Hungary). In this area, the Pelsonian
sections consist of a 25 m-thick sequence of fossil-rich limestones, providing excellent
faunal dating (Balatonites balatonicus Mojsisovics ammonite zone). The highest
concentrations of glassy particles are found across a 50 cm-thick layer, in the central parts
of the Pelsonian sections close to the Aszof6 locality. Earliest investigators (1] pointed to
abnormally high contents of Ca and Ba in the glassy component. They tentatively suggested
a possible tektite origin, but instead they could not discard the likelihood of a volcanic
derivation.

Under standard optics, the glassy particles are translucent or transparent, with faint
grayish and greenish colors. They range in size from 70 to ca. 500 micrometers. All have
conspicuous splash forms’: (a) shapes generally considered as characteristic of tektites and
microtektites’: spherules, tears, pears and dumbbells; (b) more complex, compound forms:
hook-like, comet-like, all consisting of bundles of stretched drop-like or threadlike
components

3D SEM examinations show that most particles derive from a basic form consisting of
a tear-like "head” plus an elongated threadlike "tail’. Most variations simply result from
‘mechanical breakage (detached heads and tails). More complex, compound-forms arise from
addition of several successive tails protruding from the head. Most complicated tails consist
of bunches of glassy fibers (10 to 0.5 microns in diameter). Multiple tails may extend to
diverging directions; some may be bent or twisted. In all instances, extraction of melt from
the head reservoir, and subsequent extreme stretching in semi-molten state, both prove to
be the dominant shaping processes.

Other conspicuous features result from welding of semi-molten fibers: all forms have tiny
glass rods and thin glassy filaments welded down flat on their surface. Welding also occurs in 3D
arrangments : some glass fibers protruding from the head may curve, then weld and merge into
nearby glassy tails. If the bend is acute enough, the fiber merges into the head itself, thus
making a strange loop or bow, that perfectly mimics a bag handle. At high magnification, this
feature proves to be quite common, even on the simplest forms (spheroids, dumbbells).

In brief, the observed forms even the simplest ones-, all show clear evidence of similar
shaping processes”: deformation of droplets of low viscosity melts, able to give semi-molten
glasses prone to extreme elongation, drawing, bending, twisting and welding. In all these
aspects, the Azofoe particles bear strong resemblance with Pele's tears & Pele's hair from gas-
driven droplets of basaltic lavas [2]. Multiple tails, bending and twisting most probably result
from varying air-drag during flight (turbulence, spinning trajectories). Some acute bending.
might record "landing’ of still partly molten particles into soft medium (water).

Spectacular preservation of most fragile details clearly shows that: (a) the particles
dispersed and settled in suspension (air, then water); (b) sedimentary reworking of
individual particles by traction currents was nil or extremely weak (this does not dismiss
possibilities of later, gravitational mass-reworking of the embedding sediment).

2D SEM investigations on available sections ali show homogeneous matter. No
chemical zoning appears in BSE mode. There are neither microphenocrysts, nor
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recrystallization products. Vesicles are rare and small (usually <1 micron). Some samples
have sparse, enigmatic tiny spherules of P- and Crrich metallic Fe (<0.5 microns,
qualitative EDS analysis). All these features fully confirm the freshness of the Aszof6 glasses,
and suggest that the samples did retain most of their original composition.

EPMA analyses were performed with all the special precautions required for
investigation of glasses (subsidiary procedures were used for Ba, P, S, Cr, and Ni).
Surprising results confirmed the singularity of the Aszofo particles:

37n [ 50, A0, Te0 WO Mo Ci0 Nao K0 TiO, 0. B0 S0, Cro: No foul
Max 384 96 06 s 92 385 06 09 05 07 25 22 03 001 1024
Mn 365 86 02 08 75 358 03 06 04 06 20 15 03 00 92
Moy [37 91 04 11 87 32 04 07 04 06 23 13 036 oo s

An industrial origin seems unlikely: (a) the Aszofé particles were recovered from
internal parts of rock samples; (b) the Aszofé matter strongly differs from most common
industrial contaminants. Usual slags have higher Al and much lower Ba, most fly-ashes are
higher in Fe, and industrial, Ba-rich glasses have both lower Ca and much higher Si
content.
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The classical tektites (even the most Ca-rich ones) exhibit higher values in Si, much
higher Al, and conspicuously lower Ba and Cr.

A magmatic derivation seems most probable, although the Asz6f6 glasses obviously
differ from magmas of the basaltic clan: the latter have much higher SiOs, MgO, FeO, AL,Os,
and noticeably less CaO and BaO. In contrast, the Aszofe samples broadly fit the
compositional range of some extremely undersaturated magmas, close to the lamprophyre-
carbonatite clan [3]. They seemingly belong to evolved terms of the differentiation trend from
ultramafic lampropyres to carbonatites (3. For instance, compositions quite’ similar to the
Aszofo matter were reported from the Chinese Huangjiachuan "kimberlite-carbonatites” (4]
(before the recent classification of lamprophyres (3))

In conclusion, although much work remains to be done (trace-element- and isotopic-
investigations), available data lead us to assume that the glassy particles from Aszofo are
probable volcanic products, alike "Pele’s tears® and "Pele’s hair". These partices result from (a)
strong degassing of melts of extremely low viscosity, in aerial environment, followed by (b) air-
driven dispersal, fall in water, then both dispersal and settling from aqueous suspensions.
They originate from uncommon lavas akin to carbonatites, as probable differentiation products
from ultramafic lamprophyres. This kind of magmatism is consistent with the well-known
episode of mid-Triassic incipient rifting that marked the first steps of the re-opening of the
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Tethys Ocean. In this case, the Aszof6 particles might be considered as unusual, early volcanic
records of the so-called "Triassic re-conquest by the Tethys" [5]
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A study of microspherules around Permo-Triassic boundary at
Wanmo section, Guizhuo province, South China

S. MIONO and Zheng CHENGZHI

Department of Physics, Faculty of Science,
Osaka City University, Sugimoto 3-3-138, Osaka, Japan

Microspherules extracted from geologic samples collected from in the Permian-
Triassic boundary of Wanmo section in South China show morphological and chemical
patterns characteristic of extraterrestrial origin, in discordance with IGCP 203 report which
concluded that it should be terrestrial in origin.

1. Introduction

Permian-Triassic (P/T) boundary is exposed at more than 20 locations in China. In
1991, IGCP 203 report entitled “Geological events of Permo-Triassic transitional period in
South China” was published.! It concluded that regarding the microspherules, they were
probably of terrestrial origin because they could not detect any typical clement for
extraterrestrial origin. For many years we have been studying the microspherules recovered
from bedded chert and determining their chemical composition by PIXE analysis.

2. Sampling and analysis

We collected samples from ten spots with Wanmo section. (see Fig. 1) The number of
microspherules increased suddenly to 100 times more in one spot as shown in Fig. 2.
Photographs of typical microspherules in Wanmo shale and internal texture dre shown in
Fig. 3. PIXE analysis were carried out using 2.9 MeV proton beam from cycrotrom (Nishina
Memorial Cyclotron Center, Iwate, Japan.

by

STUDY AREA

Fig. la. Locality map of the study area (Guizhuo province)
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Fig. 1b. Photograph of P/T boundary at the at the Wanmo section.
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Fig. 2. Abundance of microspherule around the P/T boundary wit stratigraphic column of
the Wanmo section

3. Results and Discussion

The microspherules clearly define an extraterrestrial origin as shown in Fig. 4. The
relative elemental concentrations of Ti/Fe, Cr/Fe, Mn/Fe, Co/Fe and Ni/Fe in the
microspherules are closely comparable to the magnetic components of carbonaceous
chondrite. Therefore, the conclusion regarding microspherules of IGCP 203 must be
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reconsidered. With the support of our experimental results and recent astronomical
observations, we can envisage now that interstellar dust intruded the Solar System.

We would like to thank Dr. K. Sera of Iwate Medical University for offering the SAPIX
analysis program and valuable experimental support

X2, 000

Fig..3. Typical microspherule and its internal texture
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Fig. 4. ATi/Fe vs. Cr/Fe plot by PIXE analysis results. VM are represerit the
microspherule, magnetic components of meteorite and magnetic components of shale and
terrestrial magnetite respectively. Microspherules are clearly belong to the extraterrestrial

group
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Native micro iron nuggets in the bedded chert and astronomical
significance

S. MIONO and Zhen CHENGHI

Osaka City University, Osaka, Japan

We have investigated the microspherules recovered from Cretaceous, Jurassic,
Triassic and Permian bedded cherts in the southwest Japan during a decade period. As a
continuation of this bedded chert study, we focused on other surviving cosmic materials in
the same bedded chert such as micron sized iron nugget (micro iron nugget)

Their interstellar origin are deduced by PIXE analysis. Three types iron nuggets were
recognized. First one is a chondritic Fe-Ni-Cr alloy, the second one is absent Ni and last one
is extremely pure iron.
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The presence of micro iron nuggets is remarkable, it is possible to take in hand a new
clue for the study of the nuclear reaction in supernova.

B

W

Native iron nuggets collected from bedded chert
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2) Gradual inrease of spherules after the K/T boundary at southern hemisphere was|
found at the lowermost Paleocene (Danian) which is considered to be formed by Tsunami
movement from Yucatan, Mexico (8]

3) More than five Fe-rich layers are found at the K/T boundary at Turkey.

Comparison with P/T boundary: Spherules are found also at Permian-Triassic (P/T)
boundary at many localities including Hungary [9]. Multi-step impacts model from terrestrial
ring at the K/T event [7] cannot be applied to the P/T boundary, whereas single sharp
impact to deep sea ocean can be applied to explain anomalous spherules and terrestrial
activity.

Conclusions: The following results can be summarized as follows.

1) From the previous anomalous impact data of Ir and PGE anomalies, shocked
quartz, spherules and Ni-rich minerals, progressive impacts are started before before the
K/T boundary.

2) Small impacts by ring fragment from single large asteroid rotated around the
Earth was started before just K/T boundary (65 million years ago). Progressive small
impacts with small fragments are found after K/T boundary.

3) These multiple impacts can be explained by separated impact with the similar
orbit (probably from orbit of terrestrial ring-like fragments).
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Araguainha Dome Crater at P/Tr Boundary
Yasunori MIURA!, Arnold GUCSIK!, and Jean Michel THERY?

1Dept. of Earth Sciences, Yamaguchi Univ., Yamaguchi, 753-8512 Japan,
2 Ingenieur Civil des Mines, 9 Jardin Gabrieli, 37000 Tours, France

1. Introduction:

Araguainha Dome crater is the largest and most complex impact structure in Brazil
(Crosta, 1987; Dietz and French, 1981). This structure is known as the impact crater by the
following reasons:

(1) LANDSAT images show ringed crater of 40 km with central uplift (6 km)

(2) Breccias reveal shocked quartz, shatter cone and other shock metamorphism,

Although the structure is eroded heavily, the significance of the structure is listed as
follows:

(1) Formation age of the impact structure is about 249 Ma which is closed to
Permian-Triassic (P/Tr) bounda

(2) The impact structure is buried and deformed impact crater which is pushed up by
a volcanic intrusion associated with Jurassic-Cretaceous volcanism.
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(3) Target rock is Paleozoic sediments which can be found shocked minerals and
texture.

2. Discussion:

The impact structure obtained by analytical data will be discussed in the meeting
(Miura et al., 1998). The impact structure is one example of impact near on the land at the
P/T boundary which main projectile is considered to be fallen into the oceanic mantie to
catastrophic event on the terrestrial surface. Composition of the mixed breccias at the
Araguainha Dome crater indicates composition of projectile (Fe-rich or not).
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Carbon Source from Target-Rock of Limestone at K/T Boundary
Yasunori MIURA, H. KOBAYASHI, S. FUKUYAMA, M. OKAMOTO, and Arnold GUCSIK

Dept. of Chemistry and Earth Sciences, Yamaguchi Univ., Faculty of Science Yamaguchi
University, Yoshida, Yamaguchi 753-8512 Japan.

Introduction: Alvarez et al. (1980) [1] reported that main origin of Cretaceous-
Tertiary (K/T) geological boundary is considered to be formed by iron meteorite with ca. 10
km in size hit to the Earth. Main reason of iron meteorite hit on K/T boundary is anomalous
amount of Ir content, many shocked materials of shocked quartz, tektites, microtektites,
stishovite, Ni-rich spinels and platinum-group elements (PGE) found at the K/T boundaries
in the world by many researchers [1,2]. Recently buried large impact crater was found
Chicxulub impact crater, Yucatan Peninsula, Mexico as main impact crater of meteorite hit
on the K/T boundary [2], though there is possible explanation of multiple impacts around
the K/T boundary [3,4,5,6,7). However large amount of carbon at the K/T boundary is
explained by wildfires [8,9]. Miura et al. [10] reported that carbon can be acuumulated from
target-rock of limestone by meteoritic impacts found at natural meteoritic impact craters
and artificial impact experiments. The main purpose of this study is to elucidate new source
of carbon from limeston of the K/T boundary.

Probable carbon source around the K/T geological boundary: Wolbach et al. (1985)
explained [8,9] that main source of carbon of the K/T. boundary is (a) extra-terrestrial origin
of meteorite itself, (b) target rock of fossil organic carbon, or (c) wildfires as most plausible
source. However Miura et al. [10] reported that large carbon blockes around: the Barringer
meteorite crater, Arizona, U.S.A. can be formed from Kaibab limestone by impact reaction
including vaporization because it contains Si from Coconino sandstone’and Ca from
limestones on the target rocks. Similar carbon materials can be found at impact craters with
limestone target rock, such as Ries, Germany, and Odessa,Texas, U.S.A as shown in Table
1. Artificial impact experiment supported tha shocked graphite carbon can be found after
railgun impact on limestone by X-ray diffractometer [10] (cf. Table 1J.

Caculation of carbon content: Average content of carbon at the K/T boundaries of
Denmark, New Zealand and Spain, 0.021 g cm?, shows total amount of carbon as 1.0x1017(g)
on the world, which is larger than that of wildfires reported by 0.7-10'7 g [11], though
wildfires with reduction condition started from small fire around 103km of meteorite impact
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near middle America covered by ocean water is difficult to explain all carbon content in the
world. In this meaning carbon formed by reduction condition can easily be found at impact
reaction within vapor plume without oxidation.The present model of limestone contribution
for carbon shows that all evaporation carbon from limestone (with 3 km in depth and 40 km
in diameter) is 6.2x1017 g of carbon. From data of the previous craters, solid carbon formed
under reduction condition of impact is from ca. 12% (in total) to 0.1% of total carbon from
limestone. This suggests that carbon from limestone by impact can explain carbon content
of the K/T boundaries.

Table 2: Carbon formation at various impact events [7,10,11]

Impact event Carbon materials

1) Barringer crater, U.S.A. Graphite, Moissanite (diamond)
2) Ries, Germany Graphite,. Lonsdalite

3) Odessa, Texas, U.S.A. Graphite, Moissanite

4) Impact experiment (on limestone)  Graphite

5) K/T boundaries Carbon

Impact model of K/T boundary: Based on the above-mentioned carbon source the
following impact model mainly for impact materials is proposed (7,10,11] (Table 1).

1) Single Fe-rich asteroid of ca. 10 to 15 km in size are collided to the Earth finally
after splitting to many fragments with orbital ring around the Earth.

2) Thé Main fragment with'ca. 8 to 10 km in size finally hits to limestone of shallow
water of present Yucatan Peninsula, Mexico, though Tertiary limestone can be found after
formation of crater to produce present buried crater.

Conclusions: The following results can be summarized as follows [10]

1) Amount of carbon from imestone by impact can explain anomalous data of carbon
at the various K/T boundaries.

2) Extraterrestrial objects of the K/T bolides are explained by iron-rich meteorite
because it hits to limestone target rock with carbon. Comets and carbon-rich chondritic
meteorite is considered to be broken before making large impact crater on hard rock of the
Earth with thick atmosphere. This conclusion can support that Ir-anomaly is maily from
iron meteorite source

3) Carbon evaporated from target rock by impact reaction is found as carbon solid as
tekite or spherule by melt condition.
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Present and Future of Impact Geology
Yasunori MIURA

Department of Earth Sciences, Faculty of Science Yamaguchi University, Yoshida,
Yamaguchi 753, Japan, E-mail: yasmiura@po.cc.yamaguchi-u.ac.jp

L. present and Future of Geology

Geology is total science which can be called as geological sciences with following
characterization of present (past) and future situations (Miura, 1992, 1997): Time
(microseconds to years), space (localized to whole solar system), Reaction (static and closed,
or dynamic open), P/T conditions (magmatic high P/T or impact high P/T).

Impact geology should be extended to planetary geological sciences, by using mathematics,
physics, chemistry, biology, earth sciences and engineering technics (Table 1),

Table 1
Comparison of past and future of geological sciences (Miura, 1992)
Time. Space “Reaction P/T-conditions
Present (Past] Long (m, h, y) Localized Static, Closed Magma (high P/T)
Future Short (ms) Solar system  Dynamic, Open Impact (high P/T)
Example - Shock waves Collision Catastrophe,
Impact in space pa Chaos, Fractal

Geology — Geological Sciences - Planetary geological Sciences

2. Present and Future of Impact Geology

Impact geology includes new terminology of impact and shock wave, application to
the Earth and solar system (Miura; 1992, 1994a, 1994b 1997).

1) Terminology of impact and shock waves:

Shock wave in rocks and minerals is dynamic process which travels at supersonic
velocities and is capable of vapoaring, melting, mineralogically transforming, or strongly
deforming rock materials (French, 1968; Miura, 1992). In meteorite collision, wide meaning of
shock wave can be applied to natural hypervelocity collision of a body such as a meteorite
(Chao, 1967), as listed in Table 2. Collision shock wave can be found at meteorites, terrestrial
rocks and Lunar and Martian rocks, though collisionless shock waves are reported to observe
at cosmic space formed by electric (by solar wind) and magnetic (by Earth's magnetism) fields
(Miura, 1992; Miura and Kato, 1993; Miura, 1994a, 1994b, 1997).

Table 2
Comparison of terminology of impact and shock waves (Miura, 1992)
Time. Changes Style Projectiles ___Remarks
Shock waves _ Short (ms) P, C, Min, Mor _ Collision/ Al SW, Met, Td,
Collisionless Vol, BQ, Life
Impact Short (ms) P, C, Min, Mor ~ Collision. ~ Méteoroids  Meteoroids,
Moon origin

‘Shock waves >>> Impact
2j Present and future of impact geology on the Earth

The Earth consists of continental land (ca. 30 vol.%) and ocean (ca. vol.70%), which
topography is originally formed by giant impact between proto-Earth and mars-size parent
body, and by its fragments produced at giant impacts (Table 3). Main erosion process of the
land is glacial movement, volcanos, or earthquake, whereas that of the ocean is plate-
tectonics and mantle convection with new field of mantle plume geology.
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Table 3
Comparison of present and future of impact geology on the Earth*
Area Periodicity Erosion Tmportances
Present (Past) Land (30%) 30% Glacial, Volcano, Oil-gas, metallic,
water
(impact data) ~ Earthquake  sources; plate-
tectonics
Future Ocean (70%) 70% Plate, Mantle ~ Mantle plume
activities geology

*Continents are first uneven surface formed by Giant impact and Earth ring. Ocean impact
produces catastrophe of the Earth (mantle plume, subduction, continental drift, volcano and
mass extinction; Miura, 1994a)

3) Significance of impact geology

Significance of impact geology can be summarized the following three points (Miura,
1994a, 1994b, 1997).

) Ocean impact on water planet

Major impacts to water planet Earth are on ocean of 70 volume% on the Earth which
has thin crust layer. large impact reached to upper mantle produce catastrophic event of
mantle convection, plate movements and explosion with volcanic activity. Such impact
makes impact winter by stopping sunlight energy. This is very important for five major
geological boundaries formed by iron meteoritic impacts mainly on oceanic regions. Sixth
extinction on the Earth will be estimated by stopping circulation system by human being
who uses huge fossil energy from the crust. Environmental sciences are important to deal
with dynamic circulation system of the Earth (Table 4).

b) New materials by impact sedimentation

Shock wave produces shock metamorphosed materials formed by vapor-liquid-solid
reaction. Plasma conditions of impact process reveal new types of materials which are
purified iron-spherules in lunar agglutinates or carbon materials of limestone target-rock
(Miura, 1994b). Terrestrial evolved rocks and minerals are also mixed from impact-
generated evolved materials on the crust or upper mantle of the Earth (Table 4).

o) Effect of collision and shock impact

Planetary formation of the solar system is originated from collisions of dust and
planetesimals, asteroids, planets and Moon, which can be treated by planetary geological
sciences (Table 4).

Table 4
Application of impact geology in the solar system (Miura, 1992, 1994a, 1994b, 1997; Miura and
Okamoto, 1995).

New formation Remarks

Ocean impact Catastrophic explosion from Mantle plume geology

mantle

Plate-movements Plate-tectonics
New materials Purified reduced materials (Fe, VLS reaction
=)
Impact-generated evolved Mixed in the interior

rocks

Collision Dust, planetesimals, asteroids, Planetary sciences

Planets, Moon Moon geology
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3. Impact Geology in the Solar System

Impact geology can be expanded to whole space tiiof the solar system.

1) Formation of solar system by impact reaction
Impact reaction can be found at various materials of the solar system as follows.

) Earth-type planets

Metallic and silicate materials are originally formed by impact collision and
progressive evolution to make Earth-type planets of large core (in Mercury) to small core
planets (in Mars). These planets are interpretated by heavy portion of iron-rich fragments
after numerous collisions (Miura, 1994a; Miura and Okamoto, 1995).

b) Gas-rich (Jupiter) type planets

From numerous impacts and solar gravitaional relations, light portion of solar
system materials is concentrated to gas-rich (Jupiter) type planets staring fro jupiter. Such
light materials of ice, CHON-rich elements and water ice can be observed at many satellites
and planets beyond Jupiter. Characteristics of water ice is based on its crystal structure of
OH, tetrahedra (similar to hard SiOs structure), which is hard as target rock but easily melt
and vaporized after heating or impact (Miura, 1994b).

) Fundamental events of planetary geology

Circulation system between small and large materials can be found. In fact, impact
growth from small to large sizes is observed in Moon and planet formation, whereas impact
destruction from large to small sizes is found in meteorids, asteroids, dusts and spherules.
Chemical separation by vapour-liquid-solid reaction can be found at formation of solar
system by impact evolution to heavy and light elements. Circulation of elements can be
found in cosmic system (from big-bang or supernova to blackhole), in the solar system (from
dust, planetesimas, to planets and finally back to dusts) and in the Earth (from vapor in air,
water molecules to solid rocks expressed by carbon elements or CHO or CHON system in
total composition). Impact process by shock wave is fundamental dynamic process not only
in materials formation of the solar system, but also in organic material formation connected
to origin of the life from inorganic to organic compounds (Miura, 1994b).

2) New data of planetary geology

New interpretation of planetary surfaces are obtained by Venus (as molten mantle
without crust) and possible molten mantle surface in mars (based on EERA84001 Martian
meteorites), impact craters without regolith materials or soft materials on three asteroids by
remote-sensing trchniques. Real impact process can be observed by Shoemaker-Levy comet
9 (SL9) to Jupiter from Old clouds around the solar system planets. Impacts on planet Earth
can be discussed by continents and ocean floors, which are connected to ring materials and
origin of the life formation (Miura, 1994b, 1997).

4. Summary

1) Impact geology has wide new fields and application to the solar system eypecially
to the Earth, g

2) Shock wave impacts to the fundamental events of impact geology reveals
significant process of dynamic reaction by meteoritic collision.

3) Further development of the Moon, various plancts and asteroids feeds back to
unsolved problems of tie Earth's land, ocean and life.

4) Buried deformed impact craters on the Earth will be the next interesting research
projects on the terrestrial surfaces.

5) Global circulation system is significant prcjccls on planetary impact sciences {esp.
size, chemicals, separation, sopying).



[image: image78.jpg]Annual Meeting of the IGCP 384: Budapest, 1998 n

References

Chao, E. T. C. 1967: Impact metemorphism. Researches in geochemistry (Wiley), 2, 204
233.

French B. 1968: Shock Metamorphism as a geological process. Shock metamorphism of
natural materials. vol. I, 1-17.

Miura Y. 1992: Robotic exploration of the Moon and Mars, Proc. Missions, Technologies and
Design of Planetary Mobile Viehcles (Tolouse, CNES), I, 115-124.

Miura Y. and Kato T. 1993:Shock waves in cosmic space and planetary materials. American
Institute of Physics (AIP) Conf. Proc., 283, 488-492.

Miura Y. 1994: Global phenomena induced by asteroid impacts on the Easth's ocean-origins
of mantle plume, marine biomass extinction and primitive life. Astron. Soc. Pacific
(ASP) Conf. Series, 63, 259-264.

Miura Y. 1994: Material evidence for compositional change of dusts by collision applied to
the Solar System's formation and asteroid belt. Astron. Soc. Pacific (ASP) Conf.
Series, 63, 286-288.

Miura Y. and Okamoto, M. 1995: Compositional changes of the Moon and Earth bt impacts.
Proc. Int. Symp. of shock waves (Pasadena, USA), 20, 1473-1478.

Miura Y. 1997: (In press).

MUSES-C PROJECT — Japanese Space project on Asteroid
Sample Return

Yasunori MIURA

Department of Earth Sciences, Faculty of Science, Yamaguchi University, Yoshida,
Yamaguchi 753, Japan,
E-mail: yasmiura@po.cc.yamaguchi-u.ac.jp

1. Mission Outline

The followings are mission outline of MUSES-C (ISAS, 1996).

Name of MUSEUS is based on MU (rocket of ISAS, japan), SES (Space Engineering
Spacecraft) and C (third mission of the series).

Purposes of the MUSEUS-C is sample return from a small bodies o Asteroids to the
Earth. main target is Nereus (reg. No. 4660, old name 1982DB) but there are some more
target also in Asteroids.

Total weight of the payload is 365 kg, though sampling devices are up to 14 kg.

Earth departure is January 7, 2002, Nereus arrival will be on September 9. 2003.
After sampling Nereus departure is Novembber 11, 2003 and Final Earth return is January
28, 2006.

2. Asteroid Nereus

The target of Asteroids are planned as Nereus Asteroids with some back-up Asteroids
in series of the MUSES-C project as follows (ISAS, 1996).

Nereus Asteroid is registration No. 4660, which determined definite orbit on
September, 1990. First orbit was reported on February 28, 1982 (1982DB, 0.013AU) by E. F.
Helin. Type of spectral investigation is E, M or P (or C) type meteoroids with unknown
evidences. size is about 1 km in size.
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3. Engineering Significance

The MUSES-C project has characteristic devices of new engineering development as
follows (ISAS, 1996).

Electric Propulsion (lon Thruster) is Xenon, which is characteristics of long-term
operation and small consumption.

Navigation control for Rendezvous and touch down to the Asteroids will be done by
many devices ONC, LIDAR, LRF and FBS instruments.

Sample collection of Asteroid surfaces is planning of touch down for a few seconds
(by catching the ejecta sample by impactor etc.) and/or small-rovers driving the surface to
collect the samples.

Reentry capsule to the Earth is small size of a few ten centimeter, entry velocity of
low value of 12 km/sec, by positioning by airplane and ground station. Proposed landing site
is Australia.

4. Science Objectives

There are many scientific objectives for the MUSES-C project as follows (ISAS, 1996).

1) Physical properties of size, mass, density, shape, spin state and possible magnetic
field to investigate thermal resource and evolution of the Asteroids. :

2) Surface composition and structure, such as elemental and mineral compositions,
geology, tecture, their spatial distributions and crater density to study impact evolution of
the Asteroids (Miura, 1992, 1994)]

3) Satellites and dust clouds by using LIDAR, MPS, XRF, NIR, TM and Dust analyzers
to analyze dust composition and size and its organic molecules for organic evolution in
space (Miura, 1994).

5. Summary .

The following conclusions are summary on the MUSES-C project )ISAS, 1996).

1) Muses-C project in ISAS in Japan is sample return mission to Asteroids of
Nereus etc. "

2) This is first japanese mission with electric repulsion taking four years in the world.

3) Sampling process is the first trial by catching surface matrials by many devices.

4) Spherule of returned samples from the Asteroids is planning to analyze mainly in
Japan.
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Material Investigations on the Moon, Mars and Asteroids.
Y. MIURA

Department of Chemistry and Earth Sciences, Faculty of Science Yamaguchi University,
Yoshida, Yamaguchi 753, Japan

Materials of shock-induced events (impact, volcano) are found on the Moon, Mars
and Asteroids in future explorations. Few shocked quartz, graphite and limestone found on
the Earth are found on the Moon and probably Mars, although silica minerals with high-
temperature types formed by impact vapor from silicates can find as minor part. Shocked
materials on the Moon and Mars are included in endogneous rock, o disappeared by later
activity. Water ice and organic compound will be found at deep bottom or rim of the impact
craters on the Moon, and shallow underground of Mars and Asteroids.

1. Introduction

Researches of the active Earth are (a) detailed study on the Earth itself, and (b) direct
materials from the Moon, Mars and Asteroids which are reserved primodial materials of
inorganic or organic compounds and impact reaction of vapor condition. On active planet of
the Earth, argument of formation from old rocks has difficulty to decide the first activity.
Almost all discussions on formation of rocks are based on the latest rocks, though many old
materials or structures cannot find at the present age. Few experiments of large catastrophic
events can understand exactly change of materials or topography. Discussion of life origin
which is based on complex C-H-O-N-P system formed from composition of the water Earth,
should be started from N-poor C-H-O system formed from primordial water Earth,which can
be found on the Moon, Mars or Asteroid.

2. Materials on the Moon:

There are new four types of lunar materials as follows:

(a) Shock-induced materials of direct impacts by the solar wind, cometary and
meteoroidal. For example, Fe spherules. (b) Fe,Mg-bearing plagioclase minerals formed by
mixing with mafic minerals by impact-originated sources on the Mare basalts. (c) Silica
minerals with high-temperature types formed by impact vapor from silicate minerals on the
Mare basalts. (d) Water ice and organic compounds of C-H-O type will be found at deep
bottom or rim of the impact craters on the Moon.

3. Martian Materials:

There are new three types of Martian materials as follows:

(a) Fe,Mg-bearing plagioclase minerals formed by mixing with mafic minerals
by impact-originated sources on the SNC Martian chondrites. (b) Silica minerals with high-
temperature types formed by impact vapor from silicate minerals on the SNC Martian
chondrites. (c) Water ice and organic compound of C-H-O type will be found from Matrian
rock, though chemical evolution to form primordial life is not developed further.

4.Materials on Asteroids:

There are new four types of Asteroidal materials as follows:

(a) Primordial materials which reserve the solar grains, pre-solar grains, or shocked-
induced materials (dark materials) with collisionless shock waves. (b) Water ice on the
Asteroids formed by the solar wind collision to oxygen-rich rocks and by cometary collision
to the rocks. (¢) Organic compound of C-H-O type formed by various shock waves on water-
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rich regions on the rocky Asteroids. (d) Fe minerals with high-pressure type on iron-rich
asteroids.
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Evidences of impact events on active Earth Planet
MIURA Y.

(Dept. of Earth Sciences, Yamaguchi Univ.,Yamaguchi ,753,-8512 Japan.;
yasmiura@po.cc.yamaguchi-u.ac.jp)

1. Shock-induced impact materials on the Earth:

On active planet of the Earth, materials formed by magmatic endogenic reaction with
relatively long reaction time under high-temperature, are found easily. But shock-induced
materials formed by short reaction time of meteoritic impact on rocks are difficult to find on
the Earth by the following reasons: () Various types of shock-induced materials are formed
on impact sites which shows different compositions of target rocks and projectiles. There are
no standard impact materials on the Earth. (b) Impact materials are used to remain only old
continents of Shield. This is because there is no effect of high temperature melting of
volcanic activity, and of destruction by subduction. (c) There is few report of direct impact
materials from areas of volcano, earthquake, and tectonism. All materials are involved in
crustal or tectonic rocks as anomalous materials or grains even if it remains.

2. Significant of Spherules as impact evidences:

Spherules can easily be formed by high temperature reaction from every terrestrial
events. But there are some limitation for kind of amount and elements in composition.
Elements of Fe,Ni and C are easily survived under impact reaction of high-vapor and melting
conditions. Amounts of elements formed by large impact events are found in global scale.

3. Formation of spherules by two types of impact on the Earth:

There are two types of spherules formed by impact: (a)Spherules formed by impact
reactions on target rock of the surface can be found around the impact craters. This is not
easily found by the global scale (except large scale impacts). (b) Spherules formed by impact
against molecular ions of atmosphére are easily found at all types impacts to the Earth more
than impacts on the crustal rocks on the continents. Direct examples of such spherules are
found meteoritic showers of Mocs and Mezo-Madaras chondrites (without impact craters).
About 70% of impact spherules around the Earth are fallen to the sea to form sea-
sediments.

4. Spherules at the K/T geological boundary:

From the present model of spherule formation, Fe-rich spheruels found at Danish
K/T geological boundary are considered to be main contribution from impact melting
through atmosphere. Carbon formed by impact reaction from target limestone can find only
after just K/T peak of the K/T boundary (not by small wild-fire as soot carbon).
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5. Spherules of the P/Tr geological boundary:

Spherules of Fe-rich composition from old P/Tr bundary are found only from sea-
sediments on the continents so far. But recently Fe-rich spherules can be found from
Araguainha impact crater (ca.245 m.y), Brazil, which indicates the composition of
projectiles as iron-rich projectile.

6. Sudbury structure, Canada:

There are two reports on formation of Sudbury structure as follows: (a) Meteoritic
origin: There is brecciated rocks, shocked materials, shatter cons, overtirned rocs, and
deformed non-circular structure, and buried structure by later sediments. (b) Endogenic
origin: Igneous texture, multiple events of formation, igneous zoning, various endogenic
events after Sudbury Event. From our impact experiments and crater research, anomalous
data can be explained as evolved reaction of impact materials: (a) Ni-rich ore can be
explained as source materials formed by chemical separation from Fe-Ni iron projectile after
impact. But it requires for crustal reaction from impact sources (i.e. no mafic rocks). (b)
Silica-rich igneous complex can be explained by impact vapor reaction as starting materials.
It requires also for crustal reaction from starting materials (i.e.no direct volcano or magmatic
activity). Thus, impact event is followed by igneous mixing to form igneous rocks.

7. Impacts on active volcanic regions:

Al difect impact materials are () melted by volcanic or magmatic reaction, (b)
broken by tectonic activity of volcano, earthquake or subduction, or (c) completely eroded
away impact materials. Therefore, tiny grain or spherules included into crustal rocks are
considered to be one of impact signature. Almost all impact craters on active volcanic
regions are (a) survived as only crater structure (as lake), or (b) buried completely by later
volcanic sediments. .
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On the Ultraviolet Paradox of Polarization Vision in
Hymenoptera and Diptera: Could the Permian/Triassic
Transition Resolve the UV-POL Paradox?

Ferenc MIZERA and Gabor HORVATH

1Animal Vision Group Department of Biological Physics Edtvs University, H-1088 Budapest,
Puskin u. 5-7, Hungary

The visual system of Hymenoptera (e.g. honey bees or desert ants) and Diptera (e.g.
flies) —unlike the human eye— is able to detect the plane of vibration (polarization) of light.
This visual capability ensures that these insects are able to orient on the basis of skylight
polarization if the sun is occluded by clouds or landmarks. From the celestial polarization
pattern they can determine the direction of the solar meridian, which is the main reference
direction of their visual compass (Labhart and Meyer, 1997).

Biologist have observed several decades ago that the photoreceptors involved in the
“skylight polarization compass of these insects function only in the ultraviolet (UV) range
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(330-360 nm) of the spectrum (Labhart and Meyer, 1997). This is, however, rather
surprising, because the degree of polarization of skylight is the least in the UV spectral
region [graph d(lambda) in Figure 1], furthermore the intensity of skylight is maximal in
the blue range of the spectrum [graph I(lambda) in Figure 1A] (Koennen, 1985; Coulson,
1988). Whether in which spectral range would absorb a photoreceptor — with a typical
absorbtion spectrum A(lamda) shown in figure 1A - the maximal amount of light?

We calculated that considering the absorbtion, the most effective photoreceptor
should have an absorbtion maximum at a wavelength of 470 nm (graph 1.0 in Figure 1C).
Thus, the photoreceptors in Hymenoptera and Diptera specialized for orientation could work
most efficiently in the blue (470 nm) spectral region. In spite of this fact they use for this
purpose such photoreceptors, the absorbtion maximum of which is at about 360 nm.
Considering the light collecting efficiency, UV-receptors are rather ineffective. This strange
phenomenon is called the "ultraviolet paradox of polarization vision® (UV-POL paradox)
(Brines and Gould, 1981).

One of the possible resolutions of the UV-POL paradox would be the assumption that
in the era when the polarization vision of Hymenoptera and Diptera had evolved the
intensity of skylight was higher in the UV range (Brines and Gould, 1981). We have
calculated that if the UV-component of skylight was about 2-3 times as high as today (Figure
1B), then the absorbtion maximum of a polarization-sensitive photoreceptor Whould shift
into the UV range (Figure 1C).

The ancestors of Hymenoptera and Diptera, the Holometabola had occured on the
Earth about ‘300 million years ago. If the polarization vision of Hymenoptera and Diptera
had evolved at or immediately after the Permian/Triassic transition, then the "Supernova
Explosion Theory" developed recently by Detre and Toth could give a probable solution for
the UV-POL paradox: During the Permian/Triassic transition the concentration of the
atmospheric Oxigen decreased to 10-12%. This must have resulted in a remarkable thinning
of the ozone layer, the consequence of which should have been a significant increase of the
UV radiation. The latter could explain why the polarization-sensitive photoreceptors in
Hymenoptera and Diptera have optimalized for the UV range of spectrum.

If the above hypothesis is sound, then the UV-semsitive polarization vision in
Hymenoptera and Diptera can be considered as an evolutionarily conserved consequence of
the higher level UV radiation during and after the Permian/Triassic transition.

There are, however, some further unexplained questions: In the meantime, the UV-
component of skylight decreased to the today's level (graph 1.0 in Figure 1B). Why has the
polarization vision of Hymenoptera and Diptera not adapted to the new radiation conditions,
i.e. why the absorbtion maximum of their photoreceptors has not shifted towards the today
favourable blue spectral range (graph 1.0 in Figure 1C)?

Another enigmatic phenomenon is that the polarization vision of Orthoptera (e.g.
locusts, grasshoppers, crickets) and some Coleoptera (e.g. millers) functions in the blue and
green range of the spectrum, respectively. Why don't use these insects UV-sensitive
photoreceptors for polarization vision as Hymenoptera and Diptera do? A trivial answer
would be that the polarization vision of Orthoptera and millers evolved earlier or later than
the Permian) Triassic transition, when the polarization-sensitive photoreceptors functioned
optimally in the blue and green spectral ranges.

The explanation of these problems and the study of other possible solutions for the
UV-POL paradox (Brines and Gould, 1981) are the task of furter researches.

Acknowledgements: This work was supported by grants OTKA F-014923, T-020931
received from the Hungarian National Science Foundation and by a Janos Bolyai
postdoctoral research scholarship received from the Hungarian Academy of Science.
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Petrographic and Geochemical Evidences Supporting the Impact
Ejecta Horizon Near the Cenomanian-Turonian Boundary, North
of Nazaré, Portugal

Jose F. MONTEIRO, J. MUNHE, A. RIBEIRO

Departamento de Geologia, FCUL — University of Lisbon, Edificio C-2, Campo Grande, 1700
Lisboa, Portugal

In this report we present new petrographic evidences that support the idea of a ejecta
horizont found near the Cenomanian-Turonian boundary in a coastal site north of Nazaré
(Monteiro et. al., 1997). If this is the ejecta from a meteorite impact, it must be related to the
proposed Tore Sea-Mount impact crater, situated 300 km to the west of the studied ejecta
site (Laughton et al., 1975; Monteiro et al., 1997a).

The ejecta is distributed in a small rectangular area of aproximatelly 60x10 m, just
above a brecciated limestone of Upper Cenomanian age. Above this formation we find a
coarse-grained siliciclastic sandstone complex of Turonian and/or Senonian age. The ejecta
clasts show a homogeneous distribution along a narrow corridor with a general trend NE.
%N 80} E. The size of the clasts varies from millimetric up to 80 cm; each clastic boulder
corresponds to a polymitic breccia comprising a variety of different lithologies. Their shape
are diverse, but rounded, spherical, and ellipsoidal forms predominate. Associated in small
clusters, the fragments display dominant black to brownish-yellow colors. The most
notorious macroscopic phases are iron sulfides, but other minerals such as quartz
fragments and calcitic nodules are present. Solid hidrocarbons occur frequently as surface
accumulations and impregnations occupying the pore spaces of the breccia. Optical
(reflected and transmitted light) and SEM--EDX analyses indicate the occurence of pyrite,
hematite, quartz, calcite and devitrified silica glass.

One of the major components of the silicate phase is diapletic glass; this glass can be
found in the breccia matrix and as a major fraction within recrystallized quartz fragments
making up to 40% modal of the ejecta samples. The diapletic glass fragments have a brown
color and characteristically they are surrounded by dark halos. A brieft qualitative electron
microprobe survey shows the preesence of Fe in all the glass.

Some quartz crystals present shock evidences of undulatory extinctions and
mosaicism, and a few grains also display optivcal features that resemble planar fractures
and planar deformations features. We have also observed small grains of pure silica, which
presents a more highly refractive index than the surrounding glass, but high-pressure silica
phases remain to be proved. X

Impact melt clasts were observed being dominated by trachytic type (microlite)
textures; however, felsitic (cryptocrystalline) textures are also present. The actual microlites
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are now composed of quartz and calcite, but they could represent pseudomorphs after
previous mineral phase(s).

In the muddy-limestone matrix that envolved the large ejecta fragments we found
microscopic spherules and irregular shard-like particles. The spherules consist entirely of
diagenetic phases (mainly carbonate-replaced) and no relict minerals or pseudomorphed
quench textures have been recognized. This may be because the spherules were initially
composed entirely of glass or because the quench textures were destroyed during diagenetic
stabilization. Some preserved the dumbbel-shaped typical of microtektites. Similar sized
spherules have recorded from the K/T boundary (Smith et al. 1992) and have been
interpreted as Chicxulub ejecta. The spherules were probably deposited as microtektite-like
bodies consisting of glass and/or other diagenetically unstable phases. The discovery of
these spherules and shard-like particles provides strong supporting evidence for the
proposed impact-related origin of the Nazaré Centomanian-Turonian ejecta horizon.

We run a search for Ir peaks and other platinum group elements in three samples of
the Praia da Vitria ejecta horizon, respectively: the anomalous ejecta clast with glass and
sulphide phases; the green mudstone at the boundary and the muddly-limestone matrix
that surrounded the ejecta fragments.

We have obtained two significant 200 ppt value for mudstone boundary and for the
ejecta clastand a lower value (100 ppt) for the limestone matrix as should be expected if we
are in the presence of an ejecta impact horizon.

These values are respectively 10 and 5 times the average continental crust Ir
abundances and may even exceed some of the peak Ir anomalies detected by Orth et al.
(1993) for Cenomanian /Turonian sections in North America and West Europe.
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Impacts, Mass Extinctions, and Stratigraphic Boundaries
Impact Crises, Mass Extinctions, and Galactic Dynamics: The
Case for a Unified Theory

Michael R. RAMPINO

NASA, Goddard Institute for Space Studies, New York, New York, 10025 USA, and Earth
Environmental Science Program, New York University, New York, New York, 10003 USA

A general model in which mass extinctions of life on Earth are related to impacts of
asteroids and comets whose flux is partly modulated by the dynamics of the Milky Way
Galaxy is supported by several lines of astronomical and geological evidence. The flux of
Earth--Crossing Objects, and calculations of the environmental effects of impacts, predict
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that collisions with large bodies (mostly comets) 5 km in diameter (10$ 7$ Mt TNT

equivalent) could be sufficient to explain the record of $\sim$25 extinction pulses in the last

545 Ma. The same evidence implies that the 5 major mass extinctions are related to impacts

of the largest bodies (10 km in diameter, 105 8% Mt events). Tests of "kill curve"

relationships for impact-induced extinctions suggest that a possible threshold for

catastrophic global extinction pulses occurs with impacts that produce craters between
$\sim$100 and 150 km diameter. Seven of the recognized extinction peaks have thus far

been correlated with concurrent (in some cases multiple) stratigraphic impact markers

and/or large impact craters.

Recent statistical analyses support previous findings that the record of extinction
events exhibits a periodic component of ~30 Ma. Additionally, spectral peaks of 30.5 Ma and
35 Ma have been extracted from recently revised sets of well-dated large impact craters. '
These results could be explained by periodic or quasi-periodic showers of Oort Cloud comets
with an approximately 30 or 36 Ma cycle. The pacemaker for such comet showers may
involve the Sun's vertical oscillation through the galactic disk, with a similar cycle time
between crossings of the galactic plane. Further tests of the model will involve the
identification and quantification of the dark matter component in the galactic disk and
improved resolution of the putative periodic signature in the record of large craters and
extinction events.

Rampino and Haggerty (1996a) and Rampino (1998) applied the name Shiva
Hypothesis to the galactic comet shower hypothesis in reference to the Hindu deity of
cyclical destruction and renewal, and this hypothesis could result in a conjoining of earth
history with our wider galactic environment.

The galactic models of mass extinction may be broken down into a series of testable
hypotheses:

1) There is a general cause-and-effect relationship between large impacts and mass
extinctions;.

2) The record of mass extinctions shows a periodic component of about 30 Ma;

3) The record of large impacts on Earth shows a similar periodicity; and

4) Astronomical parameters such as galactic disk mass, Oort comet cloud structure,
etc., could produce a significant modulation of comet impacts on the Earth with a periodicity
and phase matching those found in the impact/mass extinction records. This paper provides
an update of the status of these aspects of the galactic models, and reports on some recent
tests that use updated impact-crater and mass-extinction records.
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Kaali meteorite craters —Unique objects for the spherule studies
Anto RAUKAS and Reet TIIRMA

Institute of Geology at the Tallinn Technical University, 7 Estonia Avenue, Tallinn EE-0001,
Estonia

The Kaali meteorite craters, nine in all, are located in an area of 1 sq.km in the SE
part of Saaremaa Island, Estonia, Kaali craters have been mentioned as one of the main
polygons for the IGCP Project 384 “Impact and extraterrestrial spherules: new tools for
global correlation” and they were visited by the participants of the project meeting in July,
1997.

Up to now, about 3.5 kg of the extraterrestrial material has been collected from the
craters, whereas the mass of the largest fragment was 30 g. Kaali meteorite belongs to class
of coarse octahedrite. Most meteorite particles in soil are strongly oxidized. Among fragments
variable in morphology sharp-edged angular forms are encountered. The chemical analyses
of fragments of meteorite show Fe and Ni content 91.5 and 8.3%, respectively.

The soil both in craters and around them contains also a lot of meteoritic dust,
formed on the melting of meteoritic matter during the impact or condensed metal vapour
and microimpactites, formed by partial melting and evaporation of the terrestrial and
extraterrestrial matter during thé impact explosion. Different in colour and morphology,
including spherical, ellipsoidal, drop-like, bicoonvex or irregular formations, have been
discovered. Sometimes we can see also hollow globules or globules with crater-like funnels,
resulting from the burst of gasfilled vesicles inside melted meteorite matter.

The mighty explosion with accompanying high temperature led to the formation of
glassy spherules of variegated chemical composition, which distributed over a large area and
deposited in different marine and terrestrial environs. The distribution of microimpactites
was highly controlled by the winds blowing at the time of impact: the concentration of
spherules seems to be highest to the NW from the crater field, where they were found in the
sediments about 7600 yr BP in age. Chemical composition of glassy microimpactites is
diverse: some of them, depending from the carbonate bedrock, consist of the silica and
calcium mainly with the small admixture of iron (fig. 1), in the other cases calcium and iron
prevail (fig. 2), the third type consists of silica with small qantities of calcium, iron and
nickel (fig. 3). There are, of course, more chemical varieties of spherules, but all they differ
from the typical meteoritic iron from the Sikhote-Alini crater field (fig. 4) or in Kaali. Clear
regularities between the mophology and chemical composition of the microimpactites is
absent.
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Preliminary results of the K/T boundary spherule investigations
in Albion Island, Belize

Francisco Javier Vega Vera !, Csaba H. Detre 2, Gabor Bihari >

Unstituto de Geologia, UNAM, Ciudad Universitaria, Coyocan, D.F. 04510 Mexico,
2Geological Institute of Hungary, H-1143 Budapest, Stefénia ut 14, Hungary,
SInstitute of Nuclear Physics (ATOMKI), Bem ter 18/C, 4026 Debrecen, Hungary.

On the Mexican-Belize border territory, on the Albion Island, along the deep Rio
Hondo valley a 1m thick impact spherule layer was found. In the layer, glassy impact type
spherules occure in great abundance.

The size of the irregular, mainly not spheroid shape spherules: 50-200 micron in
diameter. Host sediments: greenish dolomite with impact glass inclusions. This impact
spherule occurrence is connected to the Chicxclub impact event.

The spherules are under analyses in the Geological Institute of Hungary and in the
Institute of Nuclear Research in Debrecen, Hungary. %
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ta blanket deposits of the Chicxlub crater form Albion

Mineralogical composition of the Permian/Triassic boundary
layers at Gerennavar, Blikk Mts., Hungary

Istvan Viczian, Méria Foldvari, Péter Kovacs-Palffy

Hungarian Institute of Geology, H-1143 Budapest, Stefania ut 14, Hungary

At Gerennavar, Upper Permian is represented by the dark grey Nagyvisnys Limestone
Formation and Lower Triassic by the light grey Gerennavar Limestone Formation. The two
lithostratigraphic units are divided by a 8 cm thick calcareous shale layer (‘boundary
shale’). The shale, two samples-from the underlying and two samples of the overlying
limestone were investigated by X-ray diffraction and thermal methods.

The mineralogical composition is simple and uniform. Carbonate mineral of the
limestones is solely calcite. A few per cent of quartz and illite occur in the bulk samples of
limestones. Insoluble residues were obtained by dissolution in 3% acetic acid. In the <2 um
fraction of the insoluble residue the composition is similar both in the boundary shale and
in the limestones: the main component is quartz, in addition, there are few per cents of
goethite. Clay minerals are represented only by illite. Illite is 2M polytype, poorly oriented
even.in the oriented X-ray specimens, because its basal reflections are relatively weak as
compared to the non-basal reflections. IC values indicate anchizonal to epizonal
metamorphism which may be partly due to inherited mica particles.

Important is the continuity of the silicatic mineralogy across the lithostratigraphic
boundary. At the present degree of metamorphic transformation little can be said on the
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original clay composition which was presumably of moderately weathered, terrigeneous
origin without volcanoclastic components.

Magnetic Spherules from the Frasnian-Famennian Boundary in
Taihu Lake Area, South China
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210093,

3Department of Geology, University of Alberta, Edmonton, AB T6G 2E3, Canada

There are well developed Upper Devonian sediments in Taihu lake area, South China.
But it is difficult to distinguish the FFB. For both of Frasinian stage and Famennianstage
are mainly composed of sandstone. Intensive geological survey indicates that Frasinian stage
contained plant fossils leptophlewn rhombicum whereas the sublepidodendron mirabile
occurred in Famennian stage.

To compare the studies of Kun Wang[l], about 10 kg sample was collected
immediately at the FFB in two quarry near the east coast of Taihu Lake. The sample was
broken by a jaw breaker and then sieved and elutriated. sample was subjected to a vibrating
table to remove nearly all silicate mineral. Then a high intensive permanent magnet was
used to obtain the ferromagnetic fractions. There are no sign of contamination of the
samples at the outcrop or in the laboratory. The samples were picked out mantally under a
binocular microscope. Approximately 100 iron spherules were recovered.

Surface texture and morphologies of the spherules were studied using a X-600
scanning electron microscope equipped with an energy dispersion X-ray spectrometer.
Polished sections were studied by reflected light microscope. The chemical compositions of
spherules were determined using an JEOL JXA-8800 Supper electron microprobe.

The iron microspherules are black, shiny and ferromagnetic. Most of them are nearly
spherical in shape and have a surface with a distinct polygonal pattern and range from 50~
100 um in diameter. Some spherules have a typical “foot ball” like pattern. One spherule has
a smaller sphere attached. The presence of the dendritic structure indicate that the
spherules were once molten droplets. Most of the solid spherules are composed of Fe-oxide,
mainly magnetite. The crust is mainly composed of magnetite and magnesioferrite and the
core mainly of a-iron.

Comparing with magnetie spherules from recent fluvial sediments in Alberta,
Canada(2], they are similar in morphology, mineralogy and internal structure. Although Ni is
generally depleted in the spherules, similar observation have been found in cosmic
spherules from the Greenland ice and from sedimentary rocks. It is suggested that the Taihu
FFB spherules are probably of extraterrestrial origin
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A large number of extraterrestrial microspherules have been found in Suzhou
granite. South Chinal1]. They were divided into main two kinds based on their compositional
features: iron and siliceous microspherules X-ray powder diffraction analysis of the siliceous,
microspherules showed that the only mineralogical composition of these siliceous spherules
detected is ringwoodite. The size of ringwoodite crystal contained in spherules is very small,
not showing any optical characteristics. so such siliceous microspherules were called
microcrystal siliceous spherule.

The microcrystal siliceous microspherules from Suzhou granite are general light to
dark black or reddish-brown, transparent white or black. They range in diameter from 50—
250 um: most average 100 mm across. Their shapes range from nearly perfect spheres to
teardrops, dumbbles: many spheres are apparently fused and/or exhibit one or two small
attached droplets. The surface of the spherules are generally smooth ans glassy. Broken
fragments of the Suzhou microcrystal siliceous microspherules display conchoidal fractures.

Suzhou microcrystal siliceous microspherules were examined under the SEM with a
backscattered electron detector (BSE) and an energy-dispersive X-ray system (EDS). Twenty
randomly sélected spherules were polished and analyzed with the electron microprobe. Five
randomly selected spherules were examined using INAA. Chemical variations allow
classification of Suzhou microcrystal siliceous microspherules into five subgroups (in table
1), they are K-rich, Al-rich, Ca-rich, Fe-rich and Si-rich, respectively. The average K.O
content of K-rich member is 6.07%; the average ALOs content of Al-rich member is 26.68%;
the average CaO content of Ca-rich member is 21.28%; the average FeO content of Fe-rich
member is 36.75%. For the Si-rich subgroup, according to the contents of SiO, ALO, they
were further divided into three members: matrix silica, high-silica and pure silica inclusion
with the average SiO; content being 61.77%, 86.33% and 99.68%, respectively. The
compositional zoning of three Si-rich members can be clearly distinguished in some Si-rich
spherules (Fig. 1).

The broad range of chemistry and compositional feature display by Suzhou
microcrystal siliceous microspherules are similar to that reported from Senzeille FFB glassy
spherules. Senzeille spherules also has four compositional subgroups of K-rich, Al-rich, Ca-
rich and Fe-rich [table 2]. The Suzhou Si-rich group has not been found in Senzeille. This
might be due to the scarcity of this type or fewer Senzeille spherules have been analyzed
than Suzhou spherules. Microspherules (or microtektite) have been described in the Early
Famennian crepida conodont Zone in Qidong, South China. The Qidong microspherules
have a narrower range of composition (ref.) but are somewhat simlar to the K-rich subgroup,
dominant at Suzhou and Senzeille, especially has si-rich subgroup.

The result of INAA for five microcrystal siliceous microspherule. listed in table 3,
shows that REEs composition and refractory elements, such as Ca, Al, Sc, Ti, V, Hf, W have
been enriched. The REE abundance pattern displays a feature of roughly flat sistribution,
indicating a no notable chemical differentation (fig. 2)

‘The elemental compositions of Suzhou microcrystal siliceous microspherules are very
complicated, are different from deep sea ablated microspherules. The enrichments of REEs
and other refractory clements and the REEs' not differentiating display the feature of parent
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body, while broad range of chemical compositions of Suzhou microspherules, especially the
enrichments of Si, Al, Ca, Mg, K reflect the compositions of terrestrial target rock. Even
more, considering the formation condition of ringwoodite. It is suggested that these
microspherules were possibly formed by the condensation of the mixture of the high
temperature gas column (mushroom cloud) caused by an explosion of a meteorite/comet at
low attitude or an impact.

From above mentioned, Suzhou microcrystal siliceous microspherules are not of
ablated microspherules. they are the products of some event just like the impact glasses
described by B. P. glass. The different point is that our spherules were first aggregated in
some strata and then were captured by the emplacement of granitic magma.
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Summary

Large impact craters and layers of sub-mm sized “spherules”, molten ejecta from the
craters, are considered to be geological evidences of such events. The majority of total mass
of these "spherule’-like grains in the accumulated layers were generated from “target
materials”, i.e. Earth's crust, rather than an impactor itself. Layers of such impact cjecta
particles can be effective tracers of geological periods when major terrestrial impacts
occurred. However they should not be confused with "cosmic spherules” often discovered at
the deep sea sediments and polar ice cores. These are actual extraterrestrial materials
reached to the Earth and melted during the atmospheric entry.

We must be aware of differences in their physical and chemical characteristics
among ejecta particles and micrometeoroids/ meteorites captured in space, stratosphere,
polar ice cores, and deep sea sediments. It should also be reminded that in-situ
measurement and collection of micrometeoroids in the near Earch space can only tell us
about influxes of extraterrestrial materials to the Earth at the smallest size regime at the
present epoch, just a snap shot in the eon of Solar System evolution history. Such influxes.
are largely governed by current production rates of dust particles from their parent bodies,
e.g. comets, asteroids, Kuiper Belt Objects, ejecta from planets and satellites and interstellar
particles, with balances of their respective production and sink mechanisms. Meteor stream
observation is also a tool to conduct similar studies but only for known comets.
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Measuring small but abundant meteoroid impacts in the near Earth space
determines the mass distribution index of falling extraterrestrial materials to the Earth more
accurately than the terrestrial collection which suffers from biases and alteration by the
sampling environment. It is more beneficial for understanding of current evolution of the
minor bodies of the Solar System than for decoding the history of their interaction with the
Earth. Thus it is complementary with the IGCP384 type of work which decodes a much
longer period of influxes of much larger objects from space.

Micrometeoroid research in space started right after the Sputnik launch some 40
years ago in order to assess impact risks of meteoroids to spacecraft. Since then, both
active detectors and passive collectors were employed to gain knowledge of meteoroid
population and dynamics within the Solar System, especially in the vicinity of the Low Earth
Orbit (LEO). Once the Space Shuttle era began, post flight analyses of retrieved components
or whole spacecraft, such as SMM, LDEF, EuReCa, HST, SFU, Mir and shuttle orbiter itself,
have enabled us to study not only impact flux but also chemical, elemental, and
mineralogical aspects of impacting meteoroids. One should note, however, that the near
Earth space data also include space debris impacts generated from human space activities
and we need to separate the natural particulate from them.

As results, we learned the current annual accretion rate of extraterrestrial materials
as (40+-20)x 10%3 tons with a peak of ~200 micron while meteoroid flux exceed debris
around 10-100 micron order range in LEO. According to qualitative elemental analyses,
"chondritic” features, similar to those of interplanetary dust particles (IDP) captured in the
stratosphere, were found in impactor fragments inside microcraters on the spacecraft
surfaces.  However, there are still about a half of microcraters that left no analyzable
residues for the EDX sensitivity on the retrieved spacecraft such that the corrected ratio
between meteoroids and debris is still undetermined. Thus, in forthcoming space programs
like the International Space Station (ISS) and new series of planetary exploration, there are
two ways to overcome this. One is real time active detectors with the capability of high
resolution time-of-flight mass spectroscopy for impact induced plasma such as Stardust,
CONTOUR and Rosetta missions. The other is a "hybrid" collector and detector that
measures time of impact, energy, velocity, and mass of impactors in real time while it still
captures particles intact by a special media like aerogels for subsequent ground analysis
such as the Japan Experiment Module-Exposed Facility (JEM-EF) of the ISS.

Also, although some mineralogical analyses took place in the past, the ratio between
asteroidal and cometary grains is still a big question because we have not had any dust
samples with "ground truth”, unambiguous evidences of their origins. To achieve this goal
and classify a collection of thousands of micrometeoroid/meteorite samples of currently
unknown origins, there are two sample return missions to small bodies being prepared:
NASA's Stardust for a comet and ISAS's MUSES-C for a near Earth asteroid. Size ranges of
the samples of both missions are similar to micrometeoroid/ metcorites and direct
comparison must be achieved with consistent analytical procedure and techniques. Then,
we should be able to classify the catalogued cosmic dust samples and to compare each
other. One example of questions to be answered is whether fractal aggregates of sub-micron
monomers from the stratosphere and unmelted micrometeorites from Antafctic ice cores
share their origins or not. Space impact data should also vield their ratios. Such studies
also benefit to understand compositions, micro-structures and densities of their parent
bodies, and therefore help to constrain impact conditions of larger bodies on the Earth that
formed ancient craters and melted cjecta.
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Discovering the Sources of Cosmic Spherules: Bulk
Compositions of Meteorite Ablation Materials and Interplanetary
Dust Particles

Michael Zolensky

SN2, NASA Johnson Space Center, Houston, TX 77058 USA

Is it possible to determine the source meteorite type from some straightforward
compositional analysis of the ablation spherules? The first problem we have in this
investigation is that there are no preserved ablation spherules from any meteorite fall. The
closest material is the coarse-grained dust that constitutes the Revelstoke CI meteorite.
Fortunately, meteorite fusion crust is available for study, and we can easily compare the
composition of a bulk meteorie with the outermost, most melted layer of fusion crust from
the same meteorite. A remaining concern stems from the brecciated nature of most
meteorites — are some microprobe analyses of a few fusion crust areas truly representative
of the entire meteorite melt? With nowhere else to turn we must assume that they are.
Mthew Genge (personal communication, 1997) has recently analyzed the bulk major
element composition of fusion crust from many meteorites, as detemined by electron
microprobe. He kindly provided this data to me. I have recently added analyses of martian
(SCN) and lunar meteorites (Table 1) to the database compiled by Genge. I then obtained
bulk analyses for these same meteorites, from the literature [1-4].
Table 1

Bulk Compositions of Martian and Lunar Meteorites and Their Fusion Crust (wt.%)

BULK Na0  Si0: TiO; ALOy CrO; FeO MaO MgO CaO KO POs S N0 Total
macss105 lunar 035 4418 021 2942 009 459 007 392 1651 003 003 008 002 995
que9a28l mars 043 4778 073 1874 018 1175 016 638 1329 006 004 016 003 997
mac8$104lunar 035 4402 021 2922 008 464 007 493 1634 003 002 014 002 1001
alh81005 lunar 029 4393 006 3653 002 037 001 008 1979 002 00l 00l 001 1011

ecta79001 293 5299 031 1929 011 947 026 455 1046 016 012 003 001 1007
FUSION CRUST

macs8 105 033 4421 024 2963 005 431 006 406 1686 004 003 001 002 999
quega2si 043 4599 067 1716 026 1351 018 931 1233 007 008 019 005 1002
mac88104 032 4458 028 2657 015 676 010 484 1620 002 003 003 002 999
alh81005 028 4386 015 2929 005 369 005 588 1649 002 002 002 00l 98
eeta79001 107 4828 106 697 029 1834 048 1136 980 005 117 001 001 989
BULK/FUSION CRUST

macs8 105 106 100 088 099 180 106 117 097 098 075 100 800 100
que9a281 100 104 109 109 069 087 089 069 108 086 050 084 060

macs8 104 109 099 075 110 .0S53 069 070 102 10l 150 067 467 100
alh81005 104 100 040 125 040 010 020 001 120 100 050 050 100
ecta79001 274 110 029 277 039 052 054 040 107 321 OIl 261 139

An example of the compositional similarities between a meteorite, its fusion crust,
and related meteorites can be obtained from inspection of Figure 1, which shows results for
very common H and L chondrites
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Figure 1. Major element compositions of pairs of H and L chondrites and their fusion crusts
and mean H and L bulk analyses from [1]. All data are normalized to CI.

Results

We find that it will be very difficult to tell which meteorite type produced specific
meteorite ablation materials. Theintra-group variations are great for all chondrites, and
often of the same magnitude as the inter-group differences. It may be possible to distinguish
carbonaceous chondrite ablation materials from those for ordinary chondrites and
achondrites, but it will be difficult to make a characterization at a finer degree. The
differences between these meteorites are greatest for Na, K and Ti and, particularly, Mn.

References

[1] Wasson and Kallemeyn 1988: Phil. Trans. R. soc. London A 325, 535-544.
[2] Jarosewich 1990: Meteoritics 25, 323-337.

(3] Wiik 1969: Commen. Phys. Math. 34, 135-145.

(4] Mason 1962: Space Science Reviews 1, 621-646.




