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COMPARISION THE VENUS’ ROCKS WITH TERRESTRIAL OCEANIC HOT-SPOT
ROCKS: PRELIMINARY RESULTS
Abdrakhimov A.M. Vernadsky Institute, Kosygina 19, Moscow, 117975, Russia,
albert@geokhi.ru
Introduction. Five Venus’ materials
measured in only K, U, and Th by GRS 1-3
have been shown to be much more richer in all
these incompatible elements than Earth’
Normal Mid-Ocean Ridge Basalts (NMORB)4. Igneous rocks enriched in
incompatible elements are known to occur on
Earth in both continental and oceanic settings.
Since the presence of continental-like material
on Venus is problematic while the basaltic
crust does exist, it was addressed further to
the intra-oceanic settings where contamination
of ascending magmas by continental crustal
materials should be eliminated. Present here is
the K-U-Th systematic of the volcanic rocks
from the Oceanic Islands (OI). Magmatism in
OI is related to oceanic intraplate hot spots.
Comparison of the Venus’ rocks with the
terrestrial OI volcanics in terms of K, U, and
Th contents shows higher level of enrichment
in all them for the Venera 8 material and in Th
for the Venera 9 material. The materials of
Vega 1, Vega 2 and Venera 10 resemble some
rare OI tholeites in K, U, and Th contents
K-U-Th Systematic of OI Volcanics
Data Base Requirements. The OI
database, like the N-MORB and OIA
database 4-5, is literature-derived and shares
the data requirements. Data were selected for
individual samples characterized: chemically major-element composition (or at least K2O
content) and the contents of Th and U
analyzed with precision better than 10-12%,
petrographically - a lack of traces of hightemperature alteration, and tectonically unambiguously clear tectonic position. There
are specific requirements for tectonic
positions of the OI samples. In order to avoid

the possible effect of contamination of
magmas
related
to
other
tectonic
environments, only the intraplate islands and
seamounts which are entirely within oceanic
region and not intermixed other tectonic
environment were selected, for example, the
Hawaii Islands but not Iceland. So the selected
samples represent the products of magmatism
associated with distinct endmember tectonic
setting.
To date total 659 samples from all
currently active OIs satisfied above
requirements.
Data Base Analysis consists in selection
of the samples unaffected by secondary
alteration which is known to mobilize K and
U. 188 samples of 659 are petrographically
fresh (with no or a few percent of secondary
phases), 136 samples are petrographically
altered, 271 samples have no petrographic
description, and for 64 samples alteration is
not reported. To distinguish between fresh
and altered samples in chemistry the sample
compositions of the last and the first groups
were compared. As a result, a sample was
treated
as
non-alterated
if
1.25<K 2O/P2O5<2.25 and LOI<0.53 for
tholeites, and 1.25<K 2O/P2O5<3.40 and
LOI<0.80 for alkaline rocks.
In summary, 351 samples were qualified
as fresh for the K-U-Th systematic.
Database Result. This set represents
basalts,
basaltic
andesites,
basanites,
tephrites, benmoreites, foidites, hawaiites,
mugearites, phonotephrites, picrobasalts,
trachyandesites, trachybasalts from CookAustral,
Hawaiian,
Pitcairn-GambierMururoa, Society, Emperor, Louisville,

VENUS ROCKS GEOCHEMISTRY Abdrakhimov A.M.

Marion-Crozet, Marquesas chains. The rocks
belong to tholeitic and alkaline series (after 6)
that is all series typical of OIs. K2O-U-Th
fields for the rocks of tholeitic and alkaline
series are overlapped only partly at
0.5%<K 2O<0.8% (see Fig.1).
The Venera 8 material is far outside the OI
volcanics being much richer in K (4.8%). The
Venera 9 material is similar to the OI tholeites
in K 2O and U contents but have too high Th
content (see Fig.1). The Venera 10, Vega 1 and
Vega 2 data fall within the K2O-U and K 2OTh fields for OI tholeites. Also Venera 9,
Vega1 and Vega 2 materials are similar to the
OI alcaline rocks. But the Venera 10 material
is outside the OI alcaline field being less in K.
Discussion.
The enrichment in incompatible elements
of OI tholeites relative to N-MORB is now
generally recognized to result from the mantle
plumes. These elements are transferred from
the mantle (primary source of the OI magmas)
via oceanic crust (see, e.g.,6). Some similarity

in the incompatible element pattern between
the Venera 10 (to a lesser extent Vega 1 and
Vega 2) material and the Earth’ OI rocks might
suggest some kind of intraplate-related
magmatism on Venus provided enriched
crustal material is there. It seems, however, to
be premature to discuss the suggestion until
possible similarity in the K-U-Th contents of
the Venus’ materials to the Earth’ enriched
rocks from other tectonic settings, both
oceanic and continental, will be tested.
References. [1] Vinogradov et al. (1973)
Icarus, 20,253-259, [2] Surkov et al. (1976)
Kosmich. Issledov., 5, 704-709 (In Russian),
[3] Surkov et al. (1987) Kosmich.
Issledov.,5,762-767
(In
Russian),
[4]
Nikolaeva (1995) Geokhimia, 4,467-476 (In
Russian), [4] Nikolaeva (1997) Geokhimia, 5,
488-512 (In Russian), [6] Macdonald and
Katsura (1964) J. Petr., 5, 82-103, [6] BVSP,
(1981), Basaltic Volcanism on the Terrestrial
Planets., NewYork: Pergamon, 1286 p.

Figure 1. Diagram showing variations of K, U, and Th abundanses
in terrestrial oceanic hot-spot and Venus rocks. 1 - tholeitic series; 2 alcaline series; 3 - Venus rocks: V9-Venera 9, V10 - Venera 10, V1 Vega 1, V2 - Vega 2.
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EVALUATION OF HRSC TARGET SITES FOR THE MARS EXPRESS MISSION WITHIN
NOACHIS QUADRANGLE, MC-27. Aittola, M., J. Raitala, V-P. Kostama, T. Öhman, J. Korteniemi
and J. Pakarinen. Astronomy, Department of Physical Sciences, University of Oulu, PO BOX 3000,
FIN-90014, Finland , marko.aittola@oulu.fi.
Mars Express: Mars Express is part of The
ESA's
long-term
science
exploration
programme. Mission launch will be within an
11 day launch window which opens on 1 June
2003 and the arrival at Mars is planned for the
following December. The Mars Express has
seven scientific instruments onboard the
orbiting spacecraft, which will perform a series
of remote sensing experiments designed to
shed new light on the Martian atmosphere, the
planet's structure and geology.
The HRSC: The HRSC (high resolution stereo
camera) is capable of taking more accurate and
detailed images of the surface and atmosphere
of Mars than any other camera before. It has an
unprecedented pointing accuracy which it
achieves by combining images at two different
resolutions. The camera will take 3D colour
10-30 m resolution pictures of the Martian
surface and of atmospheric phenomena, such
as cloud cover and dust storms. At the same
time, a super resolution channel will
concentrate on selected sites of particular
interest at 2,3 m/pixel resolution. Although
cameras on other spacecraft have imaged small
areas at high resolution (MGS), or large areas
at low resolution (Viking), they have never
before combined the two.
MC-27:
The Noachis Quadrangle (MC-27) is rather
versatile region, including the western part of
the Hellas basin, highland and Malea Planum
on the south. The expanse of the Hellas’
exterior topographical annulus is likely due to
Hellas ejecta, but possibly includes
contributions from impact melt, structural
uplift, and admixed local material. Thus this
material represents a major redistribution of
early Martian crust [1].
Hellas Basin and Hellespontus Montes:
Several proposed target sites includes parts of
the Hellespontus Montes, which is supposed to
represent the oldest material in the region [2].
The rim is marked by numerous rugged
massifs and mountain ranges as well as the

younger impact craters and channels, which
may provide some detailed information about
the massif structures. Various areas within the
basin are also evaluated as a possible target
sites. They encompass the boundaries of the
different basin units [2,3] and presumed
shorelines of ancient ice covered lake [4].
There are also some interesting details and
patterns in the basin suchlike droplet-shaped
patterns, sinuous ridges, which have been
interpreted to represent both eolian [2] and
subglasial [5] features.
Highland Paterae: Two features of the rather
small population of highland paterae are
located in Malea Planum. Peneus Patera has a
wide zone of concentric structures and is
proposed to formed by multiple, voluminous
eruptions of magma and subsequent collapse of
magma chambers [6]. The western part of the
Amphitrites Patera is also shown in Noachis
Quadrangle. Amphitrites displays rather
different characteristics with only few
concentric faults and eruption probably more
pyroclastic and lower volume compared to
Peneus Patera. Comparison of highland paterae
around the Hellas basin (Peneus, Amphitrites
and Hadriaca) by using the HRSC data will be
one of the most interesting tasks of the future
research.
Eolian features: Hellas is thought to represent
a major source region for regional dust storms
on Mars [7]. Furthermore, highly predicted
wind stresses in Hellas region favor saltation
and dust devils [8]. Therefor, plenty of eolian
features and structures occur in the Noachis
quadrangle, including some yardangs, several
dune fields, and marks of dust devils. Dune
fields occur inside craters around the central
part of the quadrangle. Size of the dune fields
as well as the craters varies remarkably. The
most numerous eolian features in the region
are dust devils, which seem to be concentrated
on the southern part of the area according to
MOC data. Materials and particles of dustcovered and dust-free area can be studied using

Aittola, M. et al., Evaluation Of HRSC Target Sites For The Mars Express Mission…
the HRSC camera to obtain the shape of their
phase-angle curves.
Impact craters: The Noachis Quadrangle
displays very versatile sample of Martian
impact craters. In general terms, the craters on
Malea Planum display evidences of fluidized
ejecta morphologies, while the craters on the
other region have ballistic or diversed ejecta
morphology. This establishes the diversity of
conditions of different portion of the
quadrangle. The craters also illustrate many
ways of modifications. The walls of several
craters have deformed by channels running to
the crater, which may be indication of the
source lacustrine deposit of some craters with
smooth basins. Several craters also show
depressed or collapsed patterns. Depressions
have no particular shape, on the contrary there
can be found elongated, triangular as well as
asymmetric depressions. In some cases the rim
of craters display depression instead of being
elevated. In addition to fluvial and tectonic
deformation also eolian activity has modified
craters. The large craters that are eroded in
various ways and effectivity provide a series of
impact crater modifications, which can be
studied and compared with such large
terrestrial craters as the arctic Kara crater in
northern Russia, for example.
Grabens: The system of grabens, which is
more or less parallel to Hellas rim, occurs at

radial distances between 1900-2500 km to west
and northwest from the basin center. This
group of graben is also defined as “canyon
system” [9]. The grabens occur also within the
massif ring zones, where they may have had
function as gateway for water.
Conclusion: This versatile area offers a great
possibility to research several geological
structures and events as well as interactions
between them. However, when studying Hellas
Basin it is important to choose target sites by
taking into account the target selection of the
nearby Hellas Quadrangle (MC-28).
References: [1] Smith, D.E. et al., (1999)
Science, vol. 284, pp. 1495-1503. [2] Tanaka
and Leonard, (1995) J. Geophys. Res., vol.
100, pp. 5407-5432. [3] Peterson J.E., (1977),
U.S. Geol. Surv. Misc. Inv. Map I-910. [4]
Moore, J.M. and D.E. Wilhelms, (2001), LPSC
XXXII, #1446. [5] J.S. Kargel and R.G. Strom,
(1992), Geology 20, pp. 3-7 [6] Tanaka, K.L.
and D.H. Scott, (1987), U.S. Geol. Surv. Misc.
Inv. Map I-1802-C. [7] Martin, L.J., and R.W.
Zurek, (1993). J. Geophys. Res., 98, pp. 32213246. [8] Greeley, R., et al., (1992) Martian
aeolian processes, sediments, and features, in
Mars, edited by H. Kiefer, B. Jakosky, C.
Snyder, and M. Matthews, pp. 730-766, Univ.
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Schultz, P.H., (1989), J. Geophys. Res., vol.
94, pp. 17333-17357.
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SOME PECULIARITIES OF EVOLUTION OF THE H-CHONDRITE PARENT BODY.
V.A.Alexeev, Vernadsky Institute of Geochemistry and Analytical Chemistry, Russian Academy of
Sciences, 117975, Moscow, Russia, aval@icp.ac.ru
H-chondrites are one of the most widespread
chemical groups of meteorites. These chondrites
have a high share (about 12 %) of meteorites
with trapped solar gases. (The share of such
meteorites among of L- and LL-chondrites is
much less - about 3 and 5%, accordingly.) The
meteorites with solar gases are present among all
petrologic types of H-chondrites. Also, all
petrologic
types
of
H-chondrites
are
characterized by presence of sharp peak in the
distributions of cosmic-ray exposure ages in the
area of ~7 Ma. These facts have allowed
supposing a hypothesis of fragmentation and
reaccumulation to megabreccia of H-chondrite
parent body at an early stage of evolution of the
body [1-3]. An abundance of the different
petrologic types in this megabreccia can be
estimated by the analysis of distributions of
cosmic-ray exposure ages. With this purpose we
approximated the peaks in age distributions by
Gaussian curves. At calculations it was taken
into account the exponential reduction of number
of meteorites outside peak with increase of age
[4, 5]. The obtained results are given in the Table
1 both for area of catastrophic ejection of ~7 Ma
ago and on the average for the H-chondrite
parent body. These data can be used at the
development of models of H-chondrite parent
body.
We have noted [6], some parameters of the
H5-chondrites essentially differ from those of
others petrologic types of H-chondrites. So, for
example, the significant part of H5-chondrites
(and only H5-chondrites) has low values of gasretention ages of T4 and T40 and low values of
the ratios of gas-retention ages (T4/T40) and
cosmic-ray exposure ages (t3/t21). Further we
have analysed distributions of number of the
found fragments of H-, L- and LL-chondrites.
We found, the main part of meteorites of all
chemical groups (~70 %) is recovered as 1-2
fragments. All distributions are characterized by
a significant share of meteorites with the number
of fragments of n > 8. The size of this share is
approximately identical (~15-20 %) for H-, Land LL-chondrites as a whole (Table 2).
However, a share of H5-chondrites with number

of fragments of n > 8 (23±4%) is much more
than appropriate share of H-chondrites of others
petrologic types. The distinction between H5and H3,4,6-chondrites becomes more significant
for non-brecciaed meteorites: the share of H5chondrites with n > 8 more than in 3 times
exceeds those of H3,4,6-chondrites (Table 2).
The features of fragmentation of meteorites
are shown not only in number of found
fragments, but also in form of these fragments.
Fujiwara et al. [7] have proposed a quantitative
method for the description of the form of
meteorites by definition of the values of the b/a
and c/a ratios, where a, b and c are maximal
sizes of fragments in three perpendicular planes
(a > b > c). In further this method was used for
study of the form of the Antarctic finds [8, 9].
The average value of b/a for H- and L-chondrites
was found ~0.73, and c/a ~0.52. It is interesting
to note that fact, that values of both ratios for
H5- chondrites are appreciable lower of those for
H4- and H6- chondrites (Table 3). Let's note
also, that the average values of the b/a and c/a
ratios are close to those for fragments of
concrete destroyed at high-speed impacts (up to
10 km / c) in laboratory experiments: 0.72 and
0.48, accordingly [10].
The distinction of properties of H5- and
H3,4,6-chondrites is shown also in speed of
oxidation at weathering. The analysis of the
published [11] data has shown that H5chondrites from the Sahara desert are oxidised
much intense than H3,4,6-chondrites. So, among
finds with terrestrial age less than 10 thousand
years, a share of H5-chondrites with a degree of
oxidation more 30% is 75±13% whereas for
H3,4,6-chondrites this value is equal only of
18±12%.
The considered features of H5-chondrites
can be caused by changes of physical properties
(dispersibility of mineral grains, fracturing etc.)
of material of fifth petrologic type on the Hchondrite parent body as a result of shock
loading during formation of megabreccia or
later.
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Table 1. An estimation of abundance (in %) of material of different petrologic types on the average
on H-chondrite parent body, in the area of catastrophic ejection of ~7 Ma ago, and among all falls of
H-chondrites.
Object

_3

_5

_6

5±2

40 ± 5

37 ± 5

Area of ejection

~1

56 ± 6

22 ± 4

All falls (N=299)

3.1

46.8

30.8

Parent body

Table 2. A share (in %) of H-chondrite falls with number of the found fragments of n > 8 and average
values of the logarithm of mass of all falls. (The numbers of meteorites without breccias are given in
parentheses.)
Meteorites

Number

(lg m)av, g

of falls

Share (%)
All meteorites
Meteorites without
breccias

All H
H5
H3,4,6

292 (232)
142 (114)
150 (118)

3.49 ± 0.05
3.48 ± 0.07
3.50 ± 0.07

16 ± 2
23 ± 4
10 ± 3

12 ± 2
18 ± 4
5±2

All L

318 (273)

3.51 ± 0.05

15 ± 2

14 ± 2

66 (38)

3.50 ± 0.11

20 ± 5

13 ± 6

All LL

Table 3. The average values of b/a and c/a ratios for Antarctic H-chondrites from meteorite collections of
Japan (1) and USA (2), (after [9]).
Chondrites

b/a

c/a

1

2

All

All

H4

0.778

0.789

0.784

0.547

H5

0.723

0.695

0.704

0.476

H6

0.753

0.765

0.759

0.531
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Fig.1 H- and L-chondrites (solid lines) and NEA
(dotted lines), depending on aphelia
majority of chondrites, namely, 78% and 71% of Hand L-chondrites, respectively, are concentrated in the
range of ≤2-2.5 AU from the sun, their maxima (25%
of H- and 22% of L-chondrites) being in the range of
~1.9-2 AU, i.e. near the inner boundary of the main
asteroid belt. The aphelia of only 11% of ordinary
chondrites lie beyond ~4 AU. It is notice-able that the
distributions of the H- and L-chondrite orbits are
practically the same. It is just this fact that conditions
the similar statistics of fall of the H- and L-chondrites
to the Earth.
Basing on the data in Fig.1, it is natural to relate the
latest parent bodies of the ordinary chondrites to the
near earth asteroids (NEA). As shown also in Fig.1,
the most probable eccentricities of the orbits of
ordinary chondrites are e~0.25-0.50, ~44% of the
chondrites having e~0.30-0.35. The orbits of only
~11% of ordinary chondrites have e>0.6. The comparison with NEA shows that 11 NEA have q'~1.8-2.0
AU and 14 NEA have e~0.3-0.355 [2]. However, only
3 NEA have the values of both q' and e in the ranges,
to which the majority of orbits of ordinary chondrites
correspond, namely, 3103 1982BB (q'=1.90 AU; a=
1.406 AU; e=0.355; i=20.94°; diameter D~1.5 km)
and 3752 Camillo (q'=1.84 AU; a=1.414 AU;

e=0.302; i=55.55o; D~2 km) from the Apollo family
and 3988 1986LA (q’=2.03 AU; a=1.545 AU;
e=0.317; i=10.77o; D~1 km) from the Amour family.
Obviously, these NEA might be the most probable
precursors of ordinary chondrites. Certainly, NEA are
not the initial parent bodies of ordinary chondrites,
because they are too small to provide the observed
statistics of their falls as well as the variety of their
petrological types. Meanwhile, the NEA themselves
might be fragments of collisions of main-belt
asteroids (MBA) [3,4]. About 7-8 large MBA (similar
to the SIV asteroid 6Hebe [5]) might be the initial
sources of ordinary chondrites.
Exposure ages: A number of chondrites might be
direct fragments of MBA; in particular, the Pribram
chondrite might be a direct fragment of 6Hebe [4,5].
Valuable information follows from the correlative
distributions of the exposure ages and aphelia of
orbits of H- and L-chondrites, presented in Fig.2. It is
clearly seen that the highest dispersion of t' is
observed among the H- and L-chondrites with small
orbits (q´< 2.2 AU), which could be caused by
different accidental factors (impacting on the noble
gas contents, e.g., collisions, solar wind implanta-tion,
etc.) in the most populated region near the inner
boundary of the asteroid belt [1,6]. On the other hand,
the exposure ages of H- and L-chondri-tes with large
orbits (q'>2.2 AU, and especially, when q' ≥4 AU) are
localized around the t' values of ~7 and ~20 Ma,
respectively, which correspond to the catastrophic
events in their history. Indeed, the relation between
the numbers of the chondrites in the selected parts of
the plots, namely, (b'/b)/[(a'+c')/ (a+c)] is equal to
3.0± 0.3 and 3.1± 0.3 for H- and L-chondrites,
respectively. Obviously, it is just those catastrophic
collisions that transferred a number of ordinary
chondrites to very large, eccentric orbits.

t', Ma

Introduction: The correlative analysis of the
statistical distributions of the radiogenic and cosmicray exposure ages and orbits of ordinary chondrites
makes it possible to derive the most general features
as well as essential differences of evolution of H- and
L-chondrites.
Orbits: The aphelia of orbits of 102 H- and 120 Lchondrites have been estimated by using a
phenomenological expression connecting the aphelion
q' with the magnitude of 26Al concentration [1]. It is
seen in Fig.1 that the aphelia of the
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L

L
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c

q', AU
Fig.2 Exposure ages vs. aphelia of H- and Lchondrites (a, a', b, b', c and c' are numbers of
chondrites)
Gas-retention ages: While the exposure ages date
the shock events, the gas-retention ages reveal their
character, as well as the properties of the parent
bodies. In Fig.3 the correlative distributions of the
gas-retention ages and aphelia of orbits of H- and L-

q', AU

Fig.3 K-Ar and U,Th-He ages vs. aphelia of H- and
L-chondrites ( for 1.9<q'<4AU; • for q' 1.9AU and
q' 4AU)
chondrites are presented. One can see the dispersions
of the ages of all the chondrites with small orbits
(q’~2 AU), which are conditioned by different
accidental factors, as it was already mentioned in the
discussion of Fig.2. However, the gas-retention ages
of H-chondrites with large orbits (q'~3-4 AU) are
grouped in the range of >3-4 Ga, whereas those of Lchondrites with large orbits are spread from >4 Ga
down to <1Ga. It means that a weakly-tied parent
body (a rubble pile) of H-chondrites was completely
dissipated without great losses of the radiogenic gases
in the strongest collision ~7 Ma ago. On the
contrary, all the L-chondrite parent bodies in the
assumed hierarchy, including the last precursors,
seem to be monolith, so that the L- chondrites were
constantly generated in rigid collisions with
pronounced losses of the radiogenic gases.
We suppose that at least 9 MBA of the S-type (listed
in the table), having the mutually close values of a, e,
i, respectively, and D~11-52 km [7], could be
produced at the catastrophic destruction of an initial
asteroid about ~340 Ma ago (as dated in [8]).
Table. A possible family of MBA produced in
collision of an initial asteroid* with a NEA ~340 Ma
ago
Asteroids
254 Augusta
270 Anahita
341 California
352 Gisela
453 Tea
800 Kressmannia
1055 Tynka
1058 Grubba
1088 Mitaka
Initial asteroid*
1580 Betulia

a, AU
2.195
2.198
2.199
2.194
2.183
2.193
2.198
2.196
2.201
2.195±
0.003
2.195

e
0.122
0.150
0.194
0.149
0.109
0.202
0.208
0.187
0.196
0.169±
0.036
0.490

i, o
4.52
2.36
5.67
3.38
5.55
4.27
5.27
3.69
7.65
4.71±
1,18
52.04

D, km
11.4
51.8
16
30.9
20.6
13.9
14.5
13.4
19.4
≥100
5.8

It could be caused by the collision of the asteroid with
a cosmic body of the similar orbit having, however,
high inclination, e.g. with a precursor (maybe, a
comet?) of NEA 1580 Betulia. Such a scenario of the
existence of several parent bodies of L-chondrites
at the inner boundary of the asteroid belt is very
attractive, because it explains the great probability of
permanent generation of L-chondrites in ordinary
collisions. The strongest collision was ~20 Ma ago,
perhaps, NEA 1580Betulia, or its last precursor
collided with MBA 254Augusta (a= 2.195 AU).
Certainly, the further successive modelling is
necessary to confirm it.
Summary: The initial parent bodies of the ordinary
chondrites were apparently among ~7-8 large S(IV)asteroids of MBA (similar to 6Hebe) with a<2-2.5
AU, whereas the last links in the hierarchy of the
parent bodies were NEA, namely, 3103 1982BB,
3752Camillo and 3988 1986LA being the most
probable ones. Some chondrites were, perhaps, direct
fragments of the MBA. However, the mechanisms of
formation of H- and L-chondrites were quite different
because of the different structure of their parent
bodies.
The initial parent body of Hchondrites was a
rubble pile, i.e., a dynamical system of separate rocks
bound by gravitation, which has no breaking strength.
It determined the character of formation of Hchondrites: separate rocks simply escaped the surface
due to centrifugal or tidal forces on the rotated
asteroid, and they were totally dispersed in the strong
collision ~7 Ma ago. The rocks themselves were not
destroyed, so that only the small amount of
radiogenic gases was lost.
The initial parent body of Lchondrites was a
monolith (see the possible orbital elements and the
size in the Table), on which a body with the orbit of
high inclination (similar to NEA 1580 Betulia)
impacted ~340 Ma ago. As a result, a family of
smaller (d<10-15 km) monolith asteroids was
generated near ~2 AU, the velocity of flying apart of
which being too high to form a rubble pile. The
largest of the later collisions occurred ~20 Ma ago.
All the collisions with the monolith parent bodies
were accompanied by strong destructions, large losses
of radiogenic gases and effects of shock
metamorphism.
The work has been supported by RFFR (grant No. 9805-64018).
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Introduction: Impact origin of SNC-meteorites
and tektites is widely accepted now. Martian meteorites come from the upper layers of the youngest martian terrains [1]. Terrestrial tektites have geophysical
and geochemical properties, which show their origin
from the high-temperature melt, produced by impact
from the top few hundred meters of a target and solidified in the upper Earth atmosphere with low oxygen
content [2]. Very different in their nature, both types of
ejecta are very similar in the place of their origin ( upper target layers near the impact site) and in their high
velocities (needed for tektites - to overcome distances
of 100-1000 km and needed for meteorites – to escape
Mars gravity). Principal difference is in a degree of
shock compression: we should find melted material for
tektites and, in opposite, unmelted pieces with modest
shock modification features – for meteorites. Nevertheless, from the viewpoint of numerical modeling,
both, SNC and tektites, may be treated identically.
Previous modeling of these very special cases of
impact ejecta concerns mainly initial stage of the impact – compression of the material and its acceleration
after decompression. First runs show that tektites
(high-temperature surface melt) may be produced by
high-velocity (>20 km/s) impact into silica-rich targets
with impact angles in the interval 30-50º (very oblique
impacts are not needed – in this case melt is contaminated by projectile material) [3]; porous and wet target
is desirable; water is lost just after melt ejection from
the crater [4]. The main result for the SNC-meteorites
[5] is that appreciable amount of unmelted highvelocity material is produced in the case of 15-60º impact - with maximum for 30º.
The goal of this work is to extend the previous
modeling to the stage of discrete particle ejection
through the atmosphere together with expanding impact vapor plume.
Hydrocode and EOSs in use: Oblique impacts are
simulated with three-dimensional version of the SOVA
code [6] complemented by ANEOS equation of state
for natural rocks [7]. The code allows to model multidimensional, multi-material, large deformation, strong
shock wave flows. Particles’ motion, heat and momentum exchange with air and vapor are described by
multi-phase hydrodynamics. The method of representative particles [8] is used (each marker describes a
motion of a great number of real fragments having
approximately the same parameters and trajectories).
Spatial resolution of 10 cells per projectile radius is
used for all the runs. A set of special massless tracers
is used to define maximum shock pressure and to sepa-

rate melted and unmelted materials.
Transformation of ejecta into discrete particles
is a principal point of the model [9]. First, it is necessary to determine size distribution of ejected pieces.
For unmelted material (possible meteorites) distribution, obtained in the experiments with powerful TNTexplosions is used. Diameter for melted particles (possible tektites) is taken in the range from 1 to 5 cm. Disruption occurs at the moment when material density
drops below normal density. Initial particle velocity
corresponds to the local material velocity just before
disruption.
Results. Figures 1 to3 illustrate dynamics of small
particle passage through a disturbed atmosphere. 3D
numerical modeling allow us to analyze the final fate
of small ejected particles: deposition in distant strewn
fields (tektites) or launching to the space (Martian
meteorites). We continue to investigate influence of
impact parameters and target properties at the small
particle ejection and distribution.
References:[1] Warren P.H. (1994) Icarus 111, 338363. [2] Koeberl C. (1994) GSA Special Paper 293,
133-151. [3] Artemieva N.A. (2001) LPS XXXII,
#1216. [4] Artemieva N.A. (2001) ESF “Impact”
workshop-6, 5-6 [5] Ivanov B.A. and Artemieva N.A.
LPS XXX, #1309. [6] Shuvalov V.V. (1999) Shock
waves, 9, 381-390. [7] Pierazzo E., Vickery A.M. and
Melosh H.J. (1997) Icarus 127, 408-422. [8] Teterev
A.V. and Nemtchinov I.V. (1993) LPS XXIV, 14151416. [9] Shuvalov V.V. (2001) LPS XXXII, #1126.
.

Fig. 1. Ejection of the molten particles (blue) from
Ries crater Impact angle is 30°, impact velocity is
20 km/s, projectile diameter is 1.6 km, layered target is
constructed of sand, limestone, sandstone, and granite.
Time is 1.2 s after the impact.

IMPACT ORIGIN OF TEKTITES AND MARTIAN METEORITES N. A. Artemieva

Fig. 2 (left). 3D view of small molten particles (possible future tektites) flight through the disturbed terrestrial atmosphere. Particles are colored according to the
current velocity: v < 2km s-1, (blue), 2 < v < 11km s-1
(pink) and v> 11 11km s-1 . Particles with a velocity of
2 to 3 can fly over an atmosphere to create a strewn
field at a distance of 300 to 400 km. The linear scale is
presented as a circle of 16 km in diameter on the surface.

a). 1.5 s
Fig. 2.

a)

b) 3.5 s

b)
Fig. 3. A possible reconstruction of the Ries impact
event as an oblique impact along the line connected
Ries and Stienheim crates. Moldavite’s strwen fileds
located with an angle ± 30o left and right of a proposed
flight direction (a). Numerical simulations seems to
reproduce qualitatively the directionality of small
molten particles ejection as it can be seen in the velocity projection on the horizontal plain (b).

c) 7.5 s
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CRATERS ON MARS, MERCURY AND MOON; SUBMARINE MOUNTAINS ON
EARTH; AND VOLCANIC DOMES ON VENUS AS STRAIGHTFORWARD
CONSEQUENCES OF THE SINGLE REASON. A.A. Barenbaum, Oil and Gas Research
Institute, Russia, Moscow, Gubkin str. 3, azary@mail.ru
The paper discusses certain consequences
forced by Galaxy comets precipitation on
planets with different properties: without
atmosphere (Mercury, Moon), with tenuous
atmosphere (Mars) and with pretty powerful
gas covering (Earth, Venus).
1. Craters on Mars, Mercury and Moon take
its origin from comet impact on planet surface
under Galaxy comets falling down. Such a
crater has diameter in range between ten up to
several hundreds kilometers. Those craters
reliably differ from craters of the same size,
caused by huge asteroids and Solar system
comets falling down. The difference consists
of strength, structure, diameter distribution
function, location respectively to planet
equator and age as well.
2. On the basis of crater data analysis,
deviations and mean values of masses,
diameters and kinetic energies of Galaxy
comets are estimated. Direction of comet
navigation from Galaxy is also matched. Time
estimate of tectonic relaxation of Mars Nordic
pole zone is derived too.
3. Galaxy comet nucleuses are unavoidably
disintegrated, producing supersonic shock
wave. Approaching planet surface, this wave is
not capable to create a crater. Presumably the
great bulk of this wave energy is put out on
lithosphere species fragmentation (at the place
of the impact) and massive geo-dynamic focus
under the planet surface. The most probably,
this focus is located on the boundary between
lithosphere and astenosphere.
4. Depending on thickness and properties of
upper lithosphere cover, three main structures
may appear at the place of comet collapse:
1) If lithosphere thickness is less than 10 km
and it is highly rigid, than geo-dynamic focus
energy unloading is accompanied by intensive
magma issuing with creation of volcanic cones
(Venus) and mobile hills on ocean bottom
(Earth).
2) If lithosphere is thicker and depth of geodynamic focus exceeds 50-60 km, than its
discharging is followed by dome-like elevation
of Earth integument blocks having dimensions

nearly about (10_100) km up to nearly 1 km
in altitudes.
3) If sedimentary cover is mighty and is
stationed itself on crystal platform bed, than
shock wave energy is presumably paid to
creation of so-called “Carrots”. This notion is
connected with granulation zones having
coning form, diameters nearly (1_10) km and
depth location in several km tens. Those
zones are brought to light on the basis of
seismic data interpretation.
5. Taking into account our conclusions from
paragraphs 1 and 4, we come to the corollary
that genesis of craters at non-atmospheric
planets, volcanic domes and submarine
mountains at atmospheric planets is induced by
Galaxy comets precipitation. The following
observations are also engaged together with
theoretic reasoning and energy estimates:
- the following values are very close, namely,
Galaxy comet craters distribution density on
Mars, Mercury and Moon; volcanic cones
allocation density on Venus; as well as
dispensation density of “Carrots” and
submarine mountains on Earth;
- absence of comet craters (Mars) and young
volcanic structures (Earth) at high latitudes of
both planets north hemispheres;
- identical diameter distributions of comet
craters on Mars, Mercury, Moon, volcanic
cones on Venus and submarine mountains on
Earth. Distribution function is exponential and
is appropriate to Galaxy comets;
- average diameters of volcanic cones on
Venus, as well as “Carrots” and submarine
mountains of neozoic age on Earth are very
close to average diameter of Galaxy comets.
The latter value is determined on the basis of
crater dimension measurements on Mars,
Mercury and Moon produced by comets
downfall.
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THE NETLANDER IONOSPHERE AND GEODESY EXPERIMENT: RESULTS FROM
SIMULATION. J.-P. Barriot1, V. Dehant2, W. Folkner 3, J.-C. Cerisier4, J. Benoist5
1
OMP/CNES, 31400 Toulouse, France, e-mail : Jean-Pierre.Barriot@cnes.fr,
2
Observatoire Royal de Belgique, B-1180 Bruxelles, Belgique,
3
Jet Propulsion Laboratory, Pasadena, Los Angeles, USA,
4
Centre d'Etude des Environnements Terrestre et Planétaires, 94107 St Maur des Fossés Cedex,
France,
5
Centre National d'Etudes Spatiales, 31401 Toulouse Cedex, France.
The NEIGE experiment is one of the nine
experiments planned for the NetLander
mission to Mars (Lognonné et al., 1999). The
basic idea underlying NEIGE is that each
NetLander station on the Mars surface defines
a frame linked to the planetary crust (four
landers are currently planned, with separations
up to several thousand kilometers). By
monitoring the orientation of this frame with
respect to the Earth reference frame, whose
orientation is known in inertial space, we will
be able to measure the variations in the
angular orientation of Mars in space. NEIGE
will also perform precise measurements of the
total electron contents of the Mars ionosphere
as its effects are larger than the requested
precision for geodesy.
The NetLander Ionosphere and Geodesy
Experiment (NEIGE) of the NetLander

Mission to Mars has so two series of scientific
objectives: (1) to determine Mars orientation
parameters in order to obtain information
about the interior of Mars and about the
seasonal mass exchange between atmosphere
and ice caps; and (2) to determine the total
electron content (TEC) and the scintillation of
radio signals in order to study the large- and
small- scale structure of the ionosphere of
Mars. These two sets of information will be
derived from measurements of amplitudes and
Doppler shifts of radio links at UHF and Xband between the NetLander microstations on
the Mars surface and an orbiter and between
this orbiter and the Earth (at X-band).
We give a detailed description of both the
scientific and technical parts of the
experiment, as well as results from the
simulation of the geodesy part.
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ESTIMATES OF AGE OF VOLCANIC AND TECTONIC ACTIVITY AT WESTERN
EISTLA REGIO BASED ON DEGRADATION DEGREE OF CRATER-ASSOCIATED
RADAR-DARK DEPOSITS. A. T. Basilevsky1,2 and J. W. Head2, 1Vernadsky Institute of
Geochemistry and Analytical Chemistry, Russian Academy of Sciences, Moscow, 117975
atbas@geokhi.ru, 2Department of Geologic Sciences, Brown University, Providence, RI 02912, USA.
Introduction. This is a continuation of our
project using the degree of degradation of radardark deposits associated with impact craters to
date the craters and the neighboring volcanic and
tectonic features and terrains [7, 8]. For the
subpopulation of craters ≥30 km in diameter it
was shown that craters with a clear dark halo are
0.5T to 0.1-0.15T old, while craters with a dark
parabola have the age of <0.1-0.15T, where T is
the mean global age of Venus surface (~750 m.y.
according to [10]). For craters which are <30 km,
the age boundaries are expected to be biased to
more recent times but the estimation of the bias
extent demands additional studies. Using this
technique it has been shown that at least part of
the Beta-Devana rifting and most of volcanism
forming the Mylitta Fluctus lava field are
younger than 0.5T, while at least part of the
Maat Mons volcanism is younger than 0.10.15T. In the present study we apply this
technique to volcanic and tectonic features of
Western Eistla.
Western Eistla Regio is described by [11] as
a 2000 x 3000 km topographic rise reaching an
elevation of 1.4 km above 6051.0 km datum.
Two large volcanic edifices, Sif Mons (300 x
300 km, 3.4 km high) and Gula Mons (250 x
400 km, 4.6 km high) are correspondingly in the
western and eastern summit areas of this rise.
The Guor Linea rift approaching Gula edifice
from the southeast is mostly superposed by the
Gula lavas but locally rift deformations and
volcanic activity are interpreted to be
contemporaneous [11]. Rift structures are also
observed to the north of Gula Mons and to the
northwest of Sif Mons. The observed Sif and
Gula volcanics and the rift zones correspond to
units Pl and RT of [5, 6] postdating Pwr
regional plains deformed by network of wrinkle
ridges. The latter is aligned parallel to the rise
boundaries [1, 3, 11]. Western Eistla has a large
apparent depth of compensation [9]. Based on
the geological and geophysical observations
Western Eistla Regio is interpreted as a site of
mantle upwelling or plume [9,11]
Observations. We have analyzed the geology
of all ten impact craters of Western Eistla Regio
using Magellan C1- and FMIDRPs. Eight of
them show age relations with diferent volcanic
and tectonic features of this region:
Crater Browning (28.28N, 4.94E, D = 23.4
km). Superposed on Pwr plains northeast of

Gula Mons (Figure 1). Has faint dark halo.
Looks superposed also on Pl flow emanating
from Gula Mons volcano: the flow terminal part
is darkened by the crater halo.

Crater Bakisat (26N, 356.8E, 7.4 km).
Superposed on Pwr plains and on the rift faults
deforming them as well as on Pl lavas emanating
from the corona Idem-Kuva. Has faint dark halo
well seen both on the Pwr and Pl units.
Crater Audrey (23.8N, 348.1E, 15.2 km).
Superposed on Pwr plains and on the faults
deforming them of the rift zone extending to
northeast of Sif Mons. Hummocky ejecta of the
crater cover rift faults north of the crater. Has
prominent dark parabola.
Crater Heidi (23.6N, 350.1E, 15.2 km).
Superposed on the rift zone extending to
northwest from Sif Mons. Further to northwest
it is seen that the rift faults deform Pwr plains.
The crater has a barely seen faint halo (to the
north and northwest). From the south, east and
northeast the crater is embayed and partly
flooded by Pl lavas emanating from Sif volcano
Crater Annia Faustina (22.08N, 20.46E, 23.4
km). Superposed on Pwr plains (Figure 2). Has
dark parabola which darkens Pl flows of Gula
Mons volcano and Guor Linea rift. The summit
part of Gula has a bright linear feature considered
by [11] as a tectonic zone. We suggest that the
dark parabola material there might waste
downslope.
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Crater de Laland (20.46N, 354.99E, 21.3
km). Superposed on Pwr plains, Fracture Belt
(FB) and tessera (Tt) units (Figure 3). North of
the crater its ejecta outflow covers the Pl lavas of
Gula Mons. Has clear dark halo which darkens
Pwr, Tt, FB and Pl.

Crater Veriko (20.4N, 350.1E, 5.5 km).
Superposed on Pl lavas of the SW flank of Sif
Mons volcano. Has clear dark halo.

Crater Devorguilla (15.34N, 4.0E, 22.9 km).
Superposed on Pwr plains and on faults of the

Guor Linea rift which cut the plains (Figure 4).
Superposition on the faults is especially obvious
in the eastern segment of ejecta. Has faint halo
Discussion and
conclusions.
These
observations show that volcanic (Pl) and tectonic
(RT) features which are obviously related to the
mantle diapir or plume forming the Western
Eistla rise are postdated by craters having dark
parabolas (Faustina, Audrey), clear dark halo (de
Laland, Veriko) and even faint halo (Browning,
Bakisat, Heidi, Devorguilla). For the dating
purpose the most informative are craters
Faustina, de Laland, Browning and Devorguilla,
whose sizes (21.3-23.4 km) are close to the
boundary size (D = 30 km) of the subpopulation
studied by [6,7], so the existing age estimated
may be applicable to the Western Eistla features.
If so, one may conclude that the mantle
diapir/plume-related volcanic and tectonic
activity at Western Eistla is probably older than
~0.5T. This agrees well with the observation
mentioned above that the wrinkle ridge network
around the rise is aligned parallel to the rise
boundaries. This implies that at the time of
emplacement of the network, which is considered
to be close to T (see argumentation for that in [4,
5, 6]) the rise already existed. Thus emplacement
of the Western Eistla mantle diapir/plume
predated the emplacements of those of Beta and
Atla [7, 8] and the volcanic and tectonic activity
of Western Eistla seems to predate those of Beta
and Atla.
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VENUS: CRATER-ASSOCIATED RADAR-DARK DEPOSITS AS A TOOL TO
ESTIMATE AGE. A. T. Basilevsky1,2 and J. W. Head2, 1Vernadsky Institute of
Geochemistry and Analytical Chemistry, Russian Academy of Sciences, Moscow,
117975, atbas@geokhi.ru, 2Department of Geologic Sciences, Brown University,
Providence, RI 02912, USA.
Introduction. This study is a continuation
of the approach earlier suggested by a number of
researchers to use the degree of degradation of
crater-associated
radar-dark
deposits
for
estimation of the crater age and the age of the
neighboring geologic units [1, 2, 6, 7, 8].
Observations. We have made a photogeologic analysis of the Magellan images of
craters ≥ 30 km in diameter superposed on the
regional plains (subpopulation 1, 138 craters)
and on post-regional-plains units (subpopulation
2, 30 craters) classifying them into: 1) craters
with dark parabolas (DP), 2) craters with clear
dark halo (CH), 3) craters with faint dark halo
(FH) and 4) craters with no dark halo (NH)
(Figure 1).

Figure 1. Different types of crater-associated
radar-dark deposits.
The percentages of these crater classes are:
PDP = 15, P CH, = 30, P FH = 30, and P NH = 25% for
subpopulation 1 and PDP = 17, PCH, = 57, PFH =
23, and PNH = 3% for subpopulation 2. These
results have also been analyzed for the possible
dependence on crater latitude (some deficit of
DP and DH craters in higher latitudes is seen)
and size (expected, especially for craters <30 km
in diameter but not found).
Modelling. To study the age significance of
the percentages found, we have developed a
theoretical model of the evolution of these
percentages with time for two possible
interpretations of the upper boundary of the
regional plains: 1) globally synchronous (see
evidence in [3, 4]) and 2) non-synchronous
(diachronous, suggested by [5]). The models
showed that in the synchronous case the lifetimes
of different types of crater-associated dark
deposits are proportional to the corresponding
percentages of subpopulation 1: TDP = 0.15T,
TCH, = 0.3T, TFH = 0.3T, where T is the mean
global age of the Venus surface. In diachronous
cases the percentages may or may not be
proportional to the appropriate lifetimes,

depending on the range of ages of emplacement
of the regional plains in different geological
provinces of the planet. If this range is not larger
than
±0.5T,
the
percentage/lifetime
proportionality for DP and CP craters is valid
even in the diachronous case (Figure 2).

Figure 2. Models for diachronous cases. Top:
columns - geologic provinces, stars - craters,
dark wavy bars at the column bottom emplacement of Pwr, dark bars above emplacement of post-Pwr units. Bottom: model
percentages, dashed - observed percentages
Age
estimates
and
stratigraphic
implications. Considering possible differences
in the classificational interpretations and the
influence of latitudinal dependence (observed)
and the size dependence (not excluded) we
suggest that time ~ 0.5T ago be considered as the
lower time boundary for the age of nowobserved clear halo craters and time 0.1-0.15T
ago as the lower time boundary for the age of
dark-parabola craters. We suggest also that the
Atlian Period of the geologic history of Venus
(see e.g. [3, 4]) can be subdivided into the Upper
and Lower Atlian Epochs with the boundary
between them at ~0.5T ago, and that the lower
boundary of the Aurelian Period be placed at
0.1-0.15T ago (Figure 3).
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The same time range (after ~0.5T ago) has
been determined for the volcanic activity that
formed the Mylitta Fluctus lava field. The
analysis within Atla Regio showed that distal
lava flow of Maat Mons volcano are Aurelian
(after 0.1-0.15T ago) in the east of the volcano
and Upper Atlian or Aurelian (after ~0.5T ago)
in the west and north (Figure 5).

Figure 3. Types of crater-associated dark
deposits and related time-stratigraphic units.
Rates of rifting and volcanism. Comparing
percentages of PDP, PCH, PFH and PNH for
subpopulation 2 (craters superposed on post-Pwr
units) found in photogeological analysis and
resulting from the theoretical modelling suggests
that the rates of volcanic and tectonic activity
through the post-Pwr time (that is Atlian +
Aurelian Periods) were either constant or the
activity in the beginning of this time was
somewhat higher than in later time. If we
consider the combined percentages (DP + CH)
and (FH + NH), thus decreasing the stochastic
noise, the similarity in the observed and
modelled percentages is seen only in the case of
constant rates. These conclusions are valid both
for synchronous and diachronous cases.
Dating volcanic-tectonic structures. This
technique of crater dating was applied to the
Beta-Devana structure and showed that at least
part of the tectonic and volcanic activity within
this structure occured in the Upper Atlian Epoch
or even later (after ~0.5T ago) (Figure 4).

Figure 5. Crater Melba, north of Maat Mons,
(D=21.8 km) with clear dark halo (age <0.5T
ago), flooded from the east by Maat flow (Pl).
For other parts of the Atla structure (Ganis
Chasma rift, Ozza Mons volcano and NE
segment of Dali Chasma rift) our analysis did not
show evidence of such young activity. The
stratigtaphic analysis shows that they are not
older than the Lower Atlian and may be Upper
Atlian or even Aurelian.
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Figure 4. Crater Sanger (D=84 km) with clear
dark halo (age <0.5T ago). Its ejecta outflows are
cut by rift faults (white arrows).
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TRACKS AND DISLOCATIONS IN SILICATE MINERALS OF THE OMOLON
PALLASITE. Yu.V.Bondar1, L.L.Kashkarov2, V.P.Perelygin3. 1Institute of Geochemistry
and Physics of Minerals, Kiev, Ukraina; 2Vernadsky Institute of Geochemistry and Analytical
Chemistry, RAN, Moscow. Russia; 3Joint Institute for Nuclear Research, Dubna, Russia.
Introduction: The Omolon meteorite is an
unusual pallasite having essential portion of
the olivine crystals with specific dislocations,
which practically no observed in other
pallasites. The fall down of pallasite Omolon
was observed in 1981 in Magadan region,
Russia. It has been found next year in the
basic of river Kegaly, tributary of Omolon
river in deserted region of tundra. THE total
mass of Omolon pallasite is about 250 kg; the
main mass of this meteorite now is in
collection of Magadan museum of natural
history. The preliminary study of olivine
crystals shows that the meteorite belongs to
main group of pallasites with rather low
concentration of fajalite about 12,3 %. The
irradiation age of this meteorite was
determined to be equal to (78±7) my - close
to that of other stony-iron meteorites –
Patwar, Thiel Mountain, Springwater, Admire
[1]. By studying the rare gas isotopic
composition in this work also have been
concluded that preatmospheric body of
Omolon pallasite was rather big - with
diameter
about
1.5-2
meters
with
corresponding mass about some tens tons. It
means that the main mass of this meteorite
has been lost during the processes of
breakdown of its origin body in upper layers
of atmosphere and subsequent ablation of
smaller fragments. In the present work we
report on the recent results of the fossil track
and dislocations studies in the olivine and
phosphate crystals of the Omolon pallasite.
The goal of this analysis is to use nuclear
particle track data in silicate minerals of the
Omolon pallasite to estimate: (a) the possible
processes of the olivine dislocations
formation, and (b) the possibility of the using
silicate minerals of this meteorite for

detecting of the very heavy (Z>50) cosmic
ray nuclei.
The nonconducting crystals of extraterrestrial
origin are able to register and to store during
many million years the tracks, due to galactic
cosmic rays nuclei with Z>20 [2]. In our
previous study it has been shown that certain
meteorites - pallasites, which contain about
50 % of large transparent and homogeneous
olivine crystals could be used for detailed
investigations of galactic cosmic ray nuclei
with 22<Z<92 [3]. The track studies of
meteorite- pallasites with different radiation
age allows one to get the unique information
about the history of galactic cosmic ray- the
variations of its chemical composition and
energy variations in the fine interval up to a
few hundred million years ago. The other
source of fossil tracks in nonconducting
pallasite matrix crystals, in particularly phosphates, which, contrary to olivine
crystals,
originally
contains
also
238
spontaneously fissioning nuclei U and
now extinct 244 Pu. The investigation of these
tracks provides useful information about the
track age of the parent body of pallasites [4].
Experimental: The olivine crystals were
taken from small fragments of Omolon
meteorite in Committee of Meteorites,
Vernadsky Institute, Moscow and nonlocated
120 g portion of these crystals from Magadan
museum collection. The portion of about 5 g
olivine crystals was mounted in epoxy resin,
grinded and polished. These crystals were
than etched in order to get the VH-group
(23<Z<28) tracks with diameter 3-4 µm. In
our study we have used etching-solution [5]
modified by adding 30 g of oxalic acid per
100 cm 3 of solution [3]. The pH of the

Yu.V.Bondar et.al., Tracks and dislocations in silicate minerals of the Omolon pallasite
solution was 7.9 ± 0.05; the etching of olivine
crystals was performed in hermetically closed
volume in order to prevent the evaporation of
original solution at 100 oC during 24 - 72
hours. Such a procedure provides a rather
high etching rate along the heavy nuclei
tracks V / Vb > 120, and the reproductivity of
the etching process.
Results and Discussion: The VH - group
track density measured in 120 olivine crystals
of the Omolon pallasite varies from 3x104 up
to 2.6x10 5 tracks per cm2. We have measured
also the volume etchable track length of about
200 tracks of VH - group nuclei in these
crystals by using TINT and TINCLE method:
the observed track-length spectrum in olivine
crystals analyzed indicate, that the mean track
length of these tracks (about 8 µm) was
compared with the measured earlier VH group tracks in olivines from pallasites
Marjalahti - 7.8 µm, Eagle Station - 10.3 µm
and Lipovsky Khutor - 9.2 µm [6]. Olivine
crystals from Moon surface have the mean
track length about 9.6 µm. The mean etchable
track length of accelerated 54Cr and 56Fe
nuclei was determined to be equal 9.5 and
13.6 µm correspondingly. It means that the
partial annealing of fossil VH - group tracks
in Omolon pallasite olivines was more
significant, than in other extraterrestrial
olivine crystals with exception of Marjalahti
pallasite. This effect can be explained by
periodical heating of meteorite Omolon at
perigee near the Sun.
We have found also tracks with length > 40
µm in 12 track-rich olivine crystals in which
VH -group track density is higher 2x105
tracks cm-2. These tracks were produced by
slowing down to rest of Z > 36 galactic
cosmic ray nuclei (VVH - group). The total
number of measured VVH -tracks was 43.
The ratio of track densities due to VVH - and
VH - group of cosmic ray nuclei was
determined to be N VVH / NVH=(2.1± 0.5)x10–4.

In our previous study we have measured the
experimental dependence of the ratio of NVVH
/ NVH track densities with the depth in
preatmospheric body of the pallasite-type
meteorites [7]. Using these data it was
accounted, that the analyzed silicate samples
during of the meteoroid cosmic ray exposure
were at the depth (9±2) cm to the
preatmospheric surface of the Omolon
pallasite.
Conclusion: Taking in account rather high
radiation age of this meteorite - (78±7) my
one can conclude that this meteorite can be
used for fossil track studies of 50 < Z < 92
galactic cosmic ray nuclei. It is necessary to
point out that the fossil track study of
meteoritic silicate crystals is the only known
way to find out the possible long-term
variations of charge distribution of 50<Z<92
and energy spectra of VH - group and (Z>50)
- groups of galactic cosmic ray nuclei. These
variations obviously take place when the
Solar system crosses the spiral arm of our
Galaxy about 80 my ago, due to the nearby
explosions of Supernova start (about 3-4
explosions in close system [3]). These
explosions can provide the additional
irradiation partly of Omolon meteorite
crystals with freshly formed and rather shortlived nuclides (T1/2 > 103 years).
References: [1] Shukoljukov Yu.A. et al.
(1992) Geohimia No.7, pp.923-937. [2]
Maurette M. et al. (1964) Nature 204, pp.821823. [3] Perelygin V.P. (1995) Adv. Space
Res. 15, 6, pp.15-24. [4] Bondar Yu.V. and
Semenenko V.P. (1994) Abstracts of XXII
Meteoritic Conference, 1994, Chernogolovka,
pp.20-21. [5] Krishnaswami S et al. (1971)
Science 74, pp. 287-291. [6] Perelygin V.P.
and Kashkarova V.G. (1979) Meteoritica (in
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CORRELATION OF DIELECTRIC PERMITTIVITY AND STRATIGRAPHIC POSITION OF
VOLCANIC PLAINS ON VENUS: A QUANTITATIVE ANALYSIS. N. V. Bondarenko1,

M. A. Kreslavsky2,3 and J. Raitala4, 1Institute of Radiophysics and Electronics, National Academy of Science of
Ukraine, 12 Ak.Proskury, Kharkov, 61085, Ukraine, nbondarenko@hotmail.com; 2Kharkov Astronomical
Observatory, Kharkov, Ukraine; 3Dept. Geol. Sci., Brown University, Providence RI, USA; 4Astronomy, Oulu
University, Oulu, Finland.
Introduction. Our study of volcanic plains on
Venus [1] has shown that locally younger lava flows
usually have locally higher dielectric permittivity (ε).
That result has been obtained using qualitative analysis of the radar cross-section and emissivity contrasts
across boundaries between lava flow units (see [1] for
details). Here we report on some results of quantitative analysis of emissivity and reflectivity contrasts for
this set of flow boundaries, as well as model and discuss possible reasons for the effect found in [1]: the
locally younger the unit, the locally higher the
dielectric permittivity.
Influence of mantling with impact debris. All
found in [1] boundaries with reliable qualitative
assessment of ε contrasts are located in areas without
unusual radiophysical properties. In our survey [1]
we avoided high elevations, heavily tectonized
terrains and diffuse radar features including craterrelated parabolas [2]. In the present study we
performed an additional check of possible change of
scattering and emission properties due to impactinduced deposits. We roughly estimated the
cumulative thickness of deposits of debris from all
impact craters known on Venus using an approach
similar to that applied in [2]. We found that
cumulative deposits from all impacts are thinner then
1 cm for 92% of our sites, and only in 8 cases the
thickness of the deposits can reach 5 – 10 cm. We do
not claim that such rough estimations precisely
predict amount of impact debris, but the result
support the suggestion that the deposits do not play a
leading role in the control of observed radiophysical
properties of the units.
Quantitative analysis of data set. We used
“Magellan” Fresnel reflectivity (GReDR data set) and

emissivity (GEDR) maps. Fresnel reflectivity (R0)
and emissivity (E) in the first approach are primarily
defined by the surface ε, but these quantities were
obtained in different experiments with different
surface resolution [3]. The sum of values of Fresnel
reflectivity and emissivity for units under study
varies from about 0.88 to about 1.02 and shows a
weak dependence on the surface roughness (GSDR
data set) estimated in the same experiment as R0.
Hence these data are not mutually replaceable but are
complimentary to each other. Below we list some
characteristics obtained for our data set. Fresnel
reflectivity for boundary side with locally lower
stratigraphic position (R0 LSP) varies from 0.057 to
0.195 and for ones with locally upper stratigraphic
position (R0 USP) varies from 0.071 to 0.327. The
same sets are characterized by following ranges of
emissivity: ELSP – from 0.77 to 0.91, and EUSP – from
0.59 to 0.88. The lowest emissivity was found for
lava flow at Maat Mons flanks. The majority of the
units with R0>0.2 (20 of 21) are located at Maat and
Ozza Mons. According to [4] they are related to the
youngest volcanic events. The highest reflectivity of
R0=0.327 from our data set leads to ε=13.5. The
lowest R0 in our data set is 0.057. Taking into account
the formal error (±0.015) of the template matching
procedure in the “Magellan” altimeter data processing [12], this value gives the lowest ε of 2.73.8.We classified the morphologic type of volcanic
units on both sides of the boundaries using morphological description of stratigraphic units by
Basilevsky and Head [5]. The most abundant units
are regional plains (“Pwr”) and lobate plains (“Pl”).
The emissivity of locally older unit (ELSP) is plotted
against that of locally younger unit (EUSP) in Fig. 1-3
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for boundaries separated two “Pwr” units, “Pl” and
“Pwr”, and two “Pl” units, respectively. The dash
lines in the figures denote the condition ELSP = EUSP.
Differences in E between older and younger units as
can be seen in Fig. 1-3 higher for “Pl/Pwr”
boundaries (Fig.2) comparing to “Pwr/Pwr”
boundaries (Fig. 1), and to “Pl/Pl” boundaries (Fig.
3). We obtained the same result for Fresnel
reflectivity R0. If we consider that surface emissivity
monotonically increases with surface age due to some
reasons, the data presented in Fig. 1-3 can be treated
as indicating that the regional plains (“Pwr”) have
been formed during a shorter period than the lobate
flows (“Pl”).
Ageing of the surface: We consider two possible
surface processes on Venus plains that may cause a
regular decrease of ε with the increase of age.
Robinosn and Wood [6] hypothesized that the high ε
for the youngest lava flows in Maat Mons and Ozza
Mons areas can be due to pyrite which is stable due
to the presence of sulfur-containing volcanic gases in
the pores of geologically recently formed of lava
flows. Gradual escape of these gases leads to pyrite
decomposition and decrease of ε to "normal" values.
This scenario, however, hardly can work for the
geologically old flows, for example, for "Pwr/Pwr"
boundaries.Another hypothesis deals with change of
the surface density rater than chemical changes. The
bulk composition of the surface at the landing site is
close to basaltic [6], while estimations of rock density
obtained on the landers varies from ~2.8 g/cm3 to
<1.5 g/cm3 [6, 7]. Morphology of rocks on the panoramas taken by landers is consistent with indurated
sedimentary material rather than with lava flow
surface [8]. Typical values E and R0 for the regional
plains on Venus correspond to ε≈4, while dry basalts
typically show ε ≈ 7 – 9 [9]. The density of the
material strongly influence ε [9, 10]. All these facts
show that the upper layer of the Venus surface is not
composed of solid basalts but is presented by some
porous material of basaltic composition. Therefore
the variety of R0 values on Venus surface can be
caused by the differences in density of the material.
Fig. 4 shows the dependence of ratio of Fresnel
reflectivity of both units at the same boundary
(R0 LSP / R0 USP) on the one of the younger unit
(R0 USP). Experimental data are presented in Fig. 4 as
circles. Two dash lines in Fig. 4 envelope the areas in
the diagram valid for possible combinations of
surface density. We consider the density range from
3.0 g/cm3 (solid rock) to 1.5 g/cm3. Thin and bold
envelopes are calculated for the initial ε for rocks of 7
and 9, respectively, which corresponds to the range
for typical solid basalts from [9]. Data in Fig. 4 show
that almost all relative differences in Fresnel
reflectivity observed on the plains can be explained
with the differences in the surface material density. It
is not valid for the brightest units only. Density of
Venus surface can be changed due to chemical
weathering [11], which can go with different local
volume change and lead to desagregation of rocks.
Processes of chemical weathering occur due to the
diffusion of atmospheric gases into the surface
material and they rates are rather slow. Depth of

transformed material for the oldest lava flows is
estimated not to go over 1 m [11].
Two-layer model. Knowing that Venus surface
has composition close to basalts [11] and contains
about 9-11% of Fe and Ti oxides, we can expect that
loss tangent of such a material at the microwave frequencies varies from 0.001 to 0.05. Hence, the absorption length can vary from ~100 to ~1 wavelength
or from ~10 m to ~10 cm. This means that the
vertical variations of ε in the upper meters below the
surface can influence the measured radiophysical
parameters.We made some estimations using a
simple model of surface structure, a halfspace of
material with higher ε covered by a layer of material
with lower ε. We considered the case of normal
incident and limited ourselves by geometrical optics.
Using mentioned above possible dielectric properties
for upper material, we obtained that observed variety
of R0 values can be explained if dielectric permittivity
of deeper material is equal to 14. In this case
changing of transformed layer thickness from 12 cm
up to 1 m correspond to R0<0.18 and such a model
explain all experimental data used in our study.
Discussion. Both scenarios of Venus surface ageing are caused by interaction between surface and atmospheric gases. The "density change" scenario can
explain all results if unaltered basalts on Venus at venusian conditions have ε ≈ 14 (higher than typical
Earth dry basalts in laboratory conditions). The "pyrite decomposition" scenario can still work for really
young flows.
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SOME OBSERVATIONAL INDICATIONS OF THE HISTORY AND SRUCTURE OF OUR
PLANETARY SYSTEM. V.V. Busarev, Sternberg State Astronomical Institute, Moscow University,
Moscow, Russian Federation; e-mail: busarev@sai.msu.ru.
Introduction: E-, M- and S-type asteroids are
widely considered as remnants of differentiated
parent bodies; specifically, Ms might have been
their cores [e. g., 1, 2]. The conviction is based on
the visible-range albedo (medium to high) and
overall spectral curves (slightly reddish to red) of
the small planets corresponding to these of metal
iron and igneous silicate assemblages. But
observational data suggesting the presence of
highly oxidized or even hydrated silicates on the
surfaces of the bodies were recently obtained [313]. In particular, it was shown that 10 M-type
asteroids (or about 24% of the known main-belt
M- asteroids) and three E-type asteroids have
absorption bands at 3 µm diagnostic of water of
hydration [9-11]. At the same time weak
absorption features characterizing presence of
highly oxidized and/or hydrated silicates were
discovered on 5 M- and 3 S- asteroids (at 0.43
and 0.6-0.8 µm) [3-8] and on 3 E-asteroids (at 0.5
µm) [12, 13]. Because of probable unusual
combination of very different materials on the E-,
M-, and S-type small planets the data should be
correctly explained. It follows probably from the
history of the Solar System.
Discussion:
Rivkin et al. [9-11] have
proposed that hydrated M-class (21, 22, 55, 77,
92, 110, 129, 135, 136, 201) and E-class (44, 64,
214) asteroids identified by an absorption band at
3 µm in their reflectance spectra are not primarily
of igneous origin and should be placed in the
separate W (wet)- class. In their opinion the
bodies were mistakenly ascribed before to the
spectral classes of igneous objects. It was
probably because of spectral similarity of bright
hydrated salts (e. g., sulfates and carbonates that
may present on the surfaces of the bodies together
with phyllosilicates) to reflectance characteristics
of Fe-Ni metal and igneous minerals (enstatite,
feldspar, pyroxene, etc.). We may not exclude
such a possibility for a few asteroids of the
classes, but it is not possibly true for the all Masteroids found to be hydrated.
From the obtained reflectance spectra of the
M- and S- asteroids having weak absorption
features [4-8] it follows that the regolith of the

bodies may consist of not only Fe-Ni metal and
igneous silicates but also of highly oxidized
(including ferric oxides) and hydrated minerals.
We consider the spectral features at 0.43 µm and
0.6-0.8 µm as integrated signs of presence of
oxidized and/or hydrated (o/h) silicates in the
matter of the M- and S- asteroids. It seems the
spectral features superimpose to the spectral
characteristics of metal iron and igneous silicates.
So far the most number of hydrated asteroids
from igneous classes belongs to the M-class, then
they should be firstly investigated. In attempt to
understand a real nature of the asteroids we have
compared them with other bodies of the M-class
in heliocentric position (semi-major axes of
orbits). It was taken a useful picture of
distribution of the asteroid taxonomic classes in
heliocentric distance [2] according to Tholen
classification [14] (Fig. 1). The average
heliocentric positions of hydrated M-type
asteroids (hMs) and o/hMs (hMs plus 75 and 161
asteroids having possible spectral traces of
oxidized and/or hydrated silicates [4, 8]) were
marked. It is seen that both mean distances (ab.
2.67 and 2.70 A. U.) are noticeably less than that
of the whole M-class (ab. 2.87 A. U.). It may be
considered as a strong indication of the same
origin of hMs (or o/hMs) and Ms.
If water ice and hydrated silicates could not
originate together with Fe-Ni-metal and hightemperature silicates (at 1000-2000°C), how and
when could they get to the igneous bodies? It may
be answered if we take into account possible
evolution of the asteroid belt and the
neighbouring giant planets, Jupiter in the first
place. A cosmogonic model developed by
Safronov and his collaborators [e. g., 15-17] gives
us a very probable scenario of this. As it was for
the first time shown [16], most of the asteroid
bodies were swept out from the asteroid belt by
planetessimals
from
Jupiter’s
zone
of
accumulation in the time of its runaway
formation. Due to gravitational interaction with
Jupiter’s core the remaining large icy bodies were
gaining chaotic velocities up to 3 km/s and more
and piercing the asteroid belt [17]. As a result of
the process it might have been delivering to the
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whole asteroid zone and the asteroid parent
bodies a considerable icy (or silicate-icy)
component.
It is probably corroborated by presence of
highly oxidized and/or hydrated silicates on the
asteroids of the three main igneous classes. Once
more reason of the past collisions of igneous
asteroids with hydrated primitive ones may be
uneven distribution of oxidized and/or hydrated
silicates on the surfaces of almost all observed
asteroids [4-8].
Conclusions: Thus, there are three main
arguments for delivering water ice and/or
phyllosilicates to the asteroids of igneous origin
mostly from Jupiter’s zone of formation:
- there are definite observational facts of
presence of oxidized and/or hydrated silicates on
the surfaces of asteroids of three igneous classes
(M, E and S);
- the average heliocentric distance of the
hydrated M-type asteroids is less than that of the
M-type asteroids in the whole that points out to
their common origin;
- there is a noticeable uneven distribution of
oxidized and/or hydrated silicates on the surfaces
of observed igneous asteroids as probable
indication of their previous collisions with
primitive bodies.
It all may be considered as a direct
confirmation of cosmogonic models [e. g., 15-18]
in which Jupiter’s formation (and its duration)
and position in the Solar System played a key role
in the evolution of the asteroid belt. Therefore, the
models and mentioned observational data suggest:
- Jupiter’s runaway formation probably begun
in the time or after the process of the asteroid
parent bodies’ differentiation;
- the undisturbed structure of the asteroid belt
– the distinct gradual changing of the main
asteroid types with heliocentric distance from
igneous to primitive ones [19] and possible signs
of water ice delivering to igneous asteroids from
outside indicate an external and close position of
Jupiter relatively to the asteroid belt during their
evolution; probably Jupiter’s distance from the
Sun couldn’t considerably change for the history
of the Solar System.
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CONVECTION IN THE OCEANS UNDER ICE AT EARLY STAGE OF SOLAR
SYSTEM. A.V.Byalko, Landau Institute for Theoretical Physics and "Priroda" magazine
(deputy editor-in-chief), Kosygin St., 2, Moscow, 117973, Russia, E-mail:
byalko@landau.ac.ru.
Small bodies with a liquid water ocean
under ice surface could exist at early stages
of Solar system due to heating by extinct
radioisotopes. We study periods of 0.1 to
100 Myr after our Supernova explosion
(4.56 Gyr before present). The great
possible significance of bodies with stable
oceans for life creation was mentioned
earlier [1]. Here we will study intensity of
convection in such oceans.
Existence of liquid water was possible
due to decay of some radionuclides which
existed at early stage after Supernova
explosion but are extinct now. Their initial
abundunces were found by isotope analysis
of primitive meteorites. Some other isotopes
with proper lifetime T0.5 as 107Pd (9.4 Myr),
182
Hf (13), 92Nb (50) are not included in the
table due to negligible abundance of their
doughtier isotopes. Decay energy E
(excluding neutrino energy) provides
heating of surrounding media.
Taken into account the present
abundance of the reference isotopes the
calculated last column gives initial (at the
moment
of
Supernova
explosion)
concentrations of the radionuclides of the
first column. Initial concentrations of
uranium isotopes are easy to obtain from
their present concentrations.
The table data are sufficient to
calculate the radioactive energy release (and
activity as well) per 1 mol of Si, the problem
is solved exactly. At moments of time
earlier than 3 Myr the main contribution to
thermal power occur to be due 60Fe (about 2
10-5 W/molSi), then dominates the decay of
53
Mn and finally, after 14 Myr the overall
energy release (about 10-7 W/molSi) is
determined mainly by 238U.

To study the thermal energy balance
inside small bodies and calculate the
sickness of their ice cover one needs to
know the chemical composition of celestial
bodies (or that of surrounding vapor). For
metals the solar and meteorite abundance
(related to Si) generally coincide. For our
problem the most uncertain relative
concentration is that of water. It is proposed
to be taken from oxygen solar abundance
reduced by oxidation of metals (including
Si). Calculated this way the water mass
content for bodies under ice will be equal to
0.395. This value seems to be reasonable if
compared for example with Europe. (For
more close to the sun bodies the most part of
water was lost due to evaporation.)
The internal temperature distribution
of such protoplanets was calculated
assuming the heat transfer by thermal
conductivity through ice and by convection
through the ocean. The surface temperature
occur to be determined mainly by solar
radiation. The reduced solar luminosity at
such early stages (about 30% less than
present) was taken into account. A quasistationary approach gives possibility to
calculate a set of time dependent ranges of
body sizes (at different distances from the
sun) where and when could exist a liquid
ocean under ice. Their diameters grows from
about 40 km at moments of 3 to 7 Myr
(depending on solar distance) to 500—2000
km at 100 Myr.
Convection is characterized by
different dimensionless values, among them
there are the Rayleigh number Ra, which
value should exceed the critical one (about
103) and the Nusselt number Nu=q/kG. Here
q (in W/m 2) is the energy flux, k=0.7 W/mK
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is the (water) heat conductivity and G (in
K/m) is the average thermal gradient. The
recently experimentally obtained [2]
universal connection between the Rayleigh
and Nusselt numbers
Nu = 0.124 Ra 0.30
gives possibility to estimate the convection
intensity for bodies of different size during
their evolution. The result was in some way
unexpected: for bodies with thin ice cover
the Rayleigh number occur to be nearly
independent on time. Its values vary from
about 1011 for bodies at distance of 1 a.u.
from the sun to 1012 at distance 50 a.u. For
nearly frozen bodies convection is evidently
depressed, but it stops rather close to the
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freezing moment. Thus the intense
convection in oceans under ice could be
significant for internal magnetic field
creation and also for possible life origin in
depth of such bodies.
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THE MARS EXPRESS MISSION AND ASTROBIOLOGY
A.F. Chicarro, European Space Agency, Space Science Department, ESTEC/Code SCI-SO, Postbus 299,
2200 AG Noordwijk, The Netherlands, email: agustin.chicarro@esa.int.
The European Space Agency and the scientific
community have performed concept and feasibility
studies for more than ten years on potential future
European missions to the red planet (Marsnet, Intermarsnet), focusing on a network of surface stations
complemented by an orbiter, a concept which is being implemented by the CNES-led Netlander mission to be launched in 2005. Before that, however,
the ESA Mars Express mission includes an orbiter
spacecraft and a small lander module named Beagle-2
in remembrance of Darwin’s ship Beagle. The mission, to be launched in 2003 by a Russian Soyuz
rocket, will recover some of the lost scientific objectives of both the Russian Mars-96 mission and the
ESA Intermarsnet study, following the recommendations of the International Mars Exploration Working
Group (IMEWG) after the failure of Mars-96, and
also the endorsement of ESA's Advisory Bodies that
Mars Express be included in the Science Programme
of the Agency.
The specific scientific objectives of the Mars Express orbiter are: global high-resolution imaging with
10 m resolution and imaging of selected areas at 2
m/pixel, global IR mineralogical mapping, global
atmospheric circulation study and mapping of the
atmospheric composition, sounding of the subsurface
structure down to the permafrost, study of the interaction of the atmosphere with the surface and with the
interplanetary medium as well as radio science. The
goals of the Beagle-2 lander are: geology, geochemistry, meteorology and exobiology of the landing site.
The scientific payload on the Mars Express orbiter
includes a Super/High-Resolution Stereo Colour
Imager (HRSC), an IR Mineralogical Mapping Spectrometer (OMEGA), a Planetary Fourier Spectrometer
(PFS), a Subsurface-Sounding Radar Altimeter
(MARSIS), an Energetic Neutral Atoms Analyser
(ASPERA), an UV and IR Atmospheric Spectrometer
(SPICAM) and a Radio Science Experiment (MaRS).
The Beagle-2 lander includes a suite of imaging instruments, organic and inorganic chemical analysis,
robotic sampling devices and meteorological sensors
(see Table 1).
The Mars Express mission will address the issue
of astrobiology on Mars both directly and indirectly.
The majority of instruments on the orbiter will look
for indications of favourable conditions to the existence of life, either at present or during the planet’s
past, and in particular for traces of liquid, solid or
gaseous water. Therefore, the HRSC camera will take
pictures of ancient riverbeds, the OMEGA spectrometer will look for minerals with OH- radicals formed in
the presence of water, the MARSIS radar will look
for subsurface ice and liquid water, the PFS and

SPICAM spectrometers will analyse water vapour in
the atmosphere, and finally ASPERA and MaRS will
study neutral atom escape from the atmosphere, in
particular O2 coming from water and carbonates. The
instruments on Beagle-2 will also look for the presence of water in the soil, rocks and the atmosphere,
but will also try to find traces of life with direct
measurements, such as presence of methane (CH4)
indicative of extanct life and a larger amount of the
light C12 isotope compared to the heavier C13, which
would even indicate the existence of extinct life.
Since NASA’s Viking mission in 1976, it is the first
time that the exhaustive search for life is so central to
a space mission to Mars.
Current design estimates allow for an orbiter scientific payload of about 110 kg and 65 kg total
lander mass (at launch) compatible with the approved
mission scenario. The Beagle-2 lander was selected
due to its innovative scientific goals and challenging
payload. Beagle-2 will deploy a sophisticated robotic-sampling arm, which could manipulate different
types of tools and retrieve samples to be analyzed by
the geochemical instruments mounted on the lander
platform. One of the tools to be deployed by the arm
is a ‘mole’ capable of subsurface sampling to reach
soil unaffected by solar-UV radiation, another is a
corer/grinder to reach the rock under the weathering
varnish.
A Soyuz-Fregat launcher will inject a total of
about 1200 kg into Mars transfer orbit in early June
2003, which is the most favorable launch opportunity
to Mars in terms of mass in the foreseeable future.
The Mars Express orbiter is 3-axis stabilized and will
be placed in an elliptical martian orbit (250 × 10142
km) of 86.35 degrees inclination and 6.75 hours period, which has been optimized for communications
withBeagle-2, the Netlanders, as well as NASA
landers or rovers to be launched both in 2003 and
2005. The Beagle-2 lander module will be independently targeted from separate arriving hyperbolic trajectory, enter and descend through the martian atmosphere in about 5 min, and land with an impact velocity <40 m/sec and an error landing ellipse of 100 ×
20 km. A preliminary Beagle-2 landing site has been
selected in the Isidis Planitia area (10.6° N, 270° W).
The nominal mission lifetime of one martian year
(687 days) for the orbiter investigations will be extended by another martian year for lander relay communications and to complete global coverage. The
Beagle-2 lander lifetime will be of a few months.
ESA provides the launcher, the orbiter and the
operations, while the Beagle-2 lander is delivered by
an UK-led consortium of space organizations. The
orbiter instruments are provided by scientific institu-
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tions through their own funding. In addition to relaying the data from the Beagle-2 lander to Earth, Mars
Express will also service landers and rovers from
other agencies during its nominal/extended lifetime.
The ground segment includes the ESA station at
Perth, Australia, and the mission operations centre at
ESOC. The Mars Express mission is now in PhaseC/D, with Astrium (formerly Matra Marconi Space)
in Toulouse, France, as its Prime Contractor and
involving a large number of European companies.
International collaboration, either through the participation in instrument hardware or through scientific data analysis is very much valued to diversify
the scope and enhance the scientific return of the mission, such as NASA’s major contribution to the subsurface-sounding radar, and the use of its DSN for
increased science data downloading and critical ma-

noeuvres. Also, arriving at Mars at the very end of
2003, Mars Express will be followed by the Japanese
Nozomi spacecraft a few days later. Both missions are
highly complementary in terms of orbits and scientific investigations; Nozomi focusing on the study of
the upper atmosphere of Mars as well as the interaction of the solar wind with the ionosphere from a
highly elliptic equatorial orbit. Close cooperation,
including scientific data exchange and analysis, is
foreseen by the Nozomi and Mars Express teams
within a joint ESA-ISAS programme of Mars exploration.
For more details on the Mars Express mission
and its Beagle –2 lander:
http://sci.esa.int/marsexpress/ and
http://www.beagle2.com/

Table 1: MARS EXPRESS SCIENTIFIC PAYLOAD
Acronyms

Instruments

Principal
Investigators

Countries

Orbiter
HRSC
OMEGA
PFS
MARSIS
ASPERA
SPICAM
MaRS

Super/High-Resolution Stereo Colour Imager
IR Mineralogical
Mapping Spectrometer
Atmospheric Fourier
Spectrometer
Subsurface-Sounding
Radar/Altimeter
Energetic Neutral Atoms
Analyzer
UV and IR Atmospheric
Spectrometer
Radio Science Experiment

G. Neukum

D, F, RU, US, FI, I, UK

J.P. Bibring

F, I, RU

V. Formisano

I, RU, PL, D, F, E, US

G. Picardi
& J. Plaut
R. Lundin &
S. Barabash
J.L. Bertaux

I, US, D, CH, UK,DK
S, D, UK, F, FI, I, US, RU

M. Paetzold

D, F, US, A

Suite of imaging instruments, organic and inorganic chemical analysis, robotic sampling devices and
meteo sensors

C. Pillinger &
M. Sims

F, B, RU, US

Lander
BEAGLE-2

2

UK, D, F, HK, CH
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TO THE DISCOVERY OF THE "SOUTH POLE - AITKEN " BASIN. V. I. Chikmachev and V.V.
Shevchenko, Sternberg State Astronomical Institute, Moscow University, Universitetsky 13, Moscow
119899 , Russia .
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Fig. 1 shows the profile of surface along
meridian 180o from latitude +20o to latitude 90o and 10o through the South Pole.
Fig. 2 represents the profile from west to
east, from point with latitute -8o and longitude
+118o to point with lattitude -35o and longitude
-116o.
As it is following from the profiles the outer
mountain rim of the basin has diameter larger
then 3150 km.

Relief profile of SPA-II
H, km

Introduction: As the completion of a global
topographic survey of the surface of Solar
System bodies has shown, the ring structure
adjacent to the southern region of the Moon is
the largest crater of the Solar System in terms of
absolute size - 2500 km in diameter with an
average depth of 12 km [1]. The relative size of
this structure is so large that, if the traditional
point of view on the process of impact cratering
is adopted, the cavity originally formed in this
giant structure could uncover materials to the
depth of the lunar mantle [2]. Even only these
circumstances show that studying this multiring
structure, which does not yet have an approved
name (but is tentatively called the South Pole Aitken basin), is of fundamental importance.
Modern estimation of the basin sizes:
Using of the South Pole map constructed by
means of Earth-based altitude date for the lunar
marginal zone and the map of the northern
region of the South Pole - Aitken basin with
isohypses constructed from the Zond-8 data and
some Clementain data [3], we have found, that
the basin is as large as the Oceanus Procellarum.
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Since the diameter of the ring structure observed
at present reaches 1,8 times the radius of the Moon,
the reconstruction of this impact - structure
formation mechanism is undoubtedly a topical
problem in the investigation of the evolution of
planetary surfaces. It is obvious that detailed
information on South Pole-Aitken basin topographe
is necessary for developing realistic models of the
formation of this structure.
Historical observations of the basin relief: The
first relief maps for the marginal zone of the Moon
were constructed by Hayn [4] as early as at the
begining of the current century. As a rule, altitudes
were referenced to the most probable circles best
describing the lunar limb at a given libration. Later,
Nefed'ev [5] and Watts [6] made attempts to
summarize the results of separate profiles
measurements to form a unified system by using the
parameters of the lunar - disk assemmetre obtained
from observations. From these maps it was already
possible, knowing in advance of the existence of the
basin, to trace a part of this gigantic ring structure.
Head [2] and Spudis [1] suggested in their
reviews that the existense of the structure identified
later as the South Pole - Aitken baasin was first
predicted on the basis of a relief analysis of the
mountain ridges observed in the libration zone be
Hartman and Kuiper [7], i.e. after the first images of
the lunar far-side had been obtained.
Then, Head [2] and Spudis [1] pointed out that a
number of publications of the results of limb-profile
measurements from the images returned by Zond- 6
and Zond-8 detected a depression (more then 2000
km in diameter and up to 5-7 km deep) in the region
currently known to be occupied by the South Pole Aitken basin (for example, Rodionov et al., [8]).

SOUTH POLE-AIKEN BASIN: V.I.Chikmachev et al.
However, the earliest images of this structure the largest in the Solar System - were obtained
when the lunar far-side was first photographed in
1959. The plan location of this structure,
detected in four images as a darker area at the
edge of the visible disk, was determined from a
central darkening , 1500 km in diameter and
centered at +179o, -50o [9]. This structure was
named Mare Ingenii on the map, which was
produced from photographes obtained by Luna-3
in October 1959 (fig. 3).
It's interesting to compare the first pictures of
the far side (Fig. 3a) with image of distribution
of the iron, prepared on the base Lunar
Prospector data (Fig. 3b, picture produced by
NASA). We can see remarkable similarity of
contours in area of estern region of South PoleAtken basin on the south-western limb of lunar
visible disk.

Fig. 3a
The current parameters of the basin were
determined from the images returned by Galileo
and from Clementine images and laser altimetry results. According to these data, the
central part of the basin is 1400 km in diameter
and it is centered at +180°, -50°.
Conclusions: Thus, the first identification of
the basin by Lipsky and others in 1959 was
reasonable enough. In the first descriptions of the
western part of the structure, it was noted that its
surface is covered by numerous craters and

Fig. 3b

crater maria. This is confirmed by the presentday images of the South Pole - Aitken basin [2].
Interpretaters could not find obvious signs of
the giant-basin contours in the Lunar Orbiter
images obtained in the second half of the 1960s.
As a result, the boundaries of the entire structure
were corrected and the name Mare Ingenii was
given to only a small dark structure in the northwestern part of the basin, about 270 km in
diameter.
References: [1] Spudis,P.D. et al.
(1994)
Science, 266, 1848-1851. [2] Head, J.W., et al.
(1993) J.Geophys.Res., 98, E9, 17149-17181.
[3] Chikmachev, V.I. & Shevchenko, V.V.
(1999), Astron.Vestn., 33, 1,18-28. [4] Hayn, F.
(1914).,
Selenographische Koordinaten,
Abh.1V, Leipzig: Sashsische Acad. [5] Nefed'ev,
A.A. (1958), Izv. Astron. Observ.
im.
Engelgardta, 30. [6] Watts, C.B. (1963) Astron.
Papers, 17. [7] Hartman,W.K.and Kuiper,G.P.
(1962) In:Lunar Planet .Lab .Commun.,Tucson:
Univ.Arizona Press,51-56. [8] Rodionov, B.N. et
al. (1971) Kosm. Issled., 9, .3, 450-458. [9]
Barabashov, N.P., Mikhailov,A.A, and Lipsky,
Yu.N., Eds., (1960), Atlas obratnoi storony
Luny: Chast' 1 (Atlas of the Far-side of the
Moon: Part 1) Moscow:Acad.Nauk SSSR.
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DIGITAL ELEVATION MODEL OF MERCURY. A. C. Cook 1, M. S. Robinson2, T. R. Watters 1 and G. Franz1,
1
Center for Earth & Planetary Studies, National Air and Space Museum, Washington D.C. 20560, USA (Email:
tcook@nasm.si.edu), 2Northwestern University, 1847 Sheridan Road, Locy Hall 309, Evanston, IL60208, USA.
Introduction: Work has been completed on semi-

automatically stereo matching all available Mariner 10 [1,2]
stereo pairs [3,4]. The resulting matched image coordinates
are converted into longitude, latitude, and height points,
known as digital terrain models (DTMs). Software is under
development to mosaic the DTM tiles together to form a
large area raster height map, or Digital Elevation Model
(DEM), of one quarter of the planet’s surface. We present a
preliminary DEM mosaic of Mercury generated from a subset of our available dataset.

our software a weighted average DEM is first generated from
all DTMs, and then each DTM tile is fitted to this to compensate for offset and tilt. The process is then repeated iteratively a specified number of times. When combining DTMs
we utilize weights based upon the average topographic noise
present in each DTM, and the offset of the photogrammetric
error (skew) for each matched point with respect to the mean
photogrammetric error for the whole DTM.

Method:

A photogrammetrically refined set of camera
positions and orientations [5] were used initially to determine
a list of candidate stereo pairs according to a set of stereo
criteria [6]. To stereo match each image pair initially it is
necessary to manually select 3-20 seed points between left
and right images. This defines a geometric affine transform
between the two images for use by the automated stereo
matcher. The matcher software, "Gotcha" [7] utilizes a patchbased correlation algorithm to find identical points between
left and right images with sub-pixel accuracy. Image pairs
are matched 12 times using correlation patch radii from 1 to
12 pixels. Small patches yield DEMs with high spatial resolution, but suffer increased topographic noise due to poor
correlation, in particular in low surface texture areas. Large
correlation patches are less affected by noise, but tend to blur
spatial detail more than smaller patch sizes [8]. This is a
common problem to all DEMs generated using widely used
patch-based stereo matchers and can affect crater depth to
diameter measurements [9]. Experiments are under way to
combine different patch size results together to achieve best
spatial resolution, and least topographic noise.

Fig 1 Five grey scale DEMs of the northern half of the
Beethoven basin. Black is –3.0 km, white is +2.0 km.
To convert stereo matcher pixel coordinates into longitude,
latitude, and height (a DTM), the coordinates are passed
through a stereo intersection camera model using previously
determined camera positions and orientations, based upon a
photogrammetrically refined Mariner 10 control net [5]. The
DTMs generated have then to be combined to generate a map
projected DEM mosaic (Fig 2). The DTMs vary in height
accuracy and can contain local topographic errors from badly
detected image reseaux and stereo matcher errors due to image noise. In addition, errors in camera position and orientation can cause slight vertical offsets and first order tilts. In

Fig 2 DEM mosaic of the northern half of the Beethoven
basin composed of DEMs from Fig 1. Note the depression
just inside the northern rim.

Results: 1709 image pairs proved suitable for stereo matching from a group of 483 images. Stereo pairs that proved
unsuitable for inclusion in the DEM mosaic include those
with image data gaps, where the overlap was too small, or
where a line or pixel offset has occurred in one of the images
creating an artificial topographic step. At the time of writing
our DEM mosaicking software is undergoing modification in
order to optimize the use arrays large enough to mosaic the
above DTMs together, however a preliminary large area
DEM mosaic was generated in February 2001 (Fig 3).

Discussion: A set of unique DTM tiles has been produced,
each containing the relative topography in localized regions
across Mercury's surface. The DTM tiles are being mosaicked to form a large area DEM covering one quarter of the
planet’s surface with 2 km spatial resolution. Alternative
large area topographic datasets for Mercury are unlikely
other than perhaps from increased Earth-based radar altimetry around the equator [10], from future radar interferometry
[11], or until spacecraft revisit Mercury at the end of this
decade [12,13]. Experiments are underway to improve our
DEM mosaicking technique such that it will preserve both
good height accuracy and spatial resolution DTMs, whilst
using lower quality DTMs to fill in gaps. This dataset when
completed will be released to the planetary science community. Several localized DEMs are already available from the
following web site:

DEM of Mercury: A. C. Cook et al.

http://www.nasm.edu/ceps/research/cook/topomerc.html
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XXIX, Abstract #1894. [9] Wilkison S. L. et al. (2001) Mercury: Space Environment, Surface and Interior conference,
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[11] Slade et al. (2000) Spring AGU. [12] Solomon S. C.
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Figure 3 DEM mosaic generated from ~700 stereo pairs (sinusoidal equal-area projection, 200W-0W, 90N-90S, black= 3.2km, white =+3.2km). The region on the extreme right suffers from poor quality stereo. When complete the DEM mosaic will have fewer gaps and most of the left quadrant and equatorial region will be filled in.
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AXIAL MOMENT OF THE GROWING EARTH IN DISCRETE STOCHASTIC MODEL.
I.W. Davidenko, A.V. Vitjazev, G.V. Pechernikova, Institute Dynamics Geospheres RAS,
Leninskii prosp. 38 (bldg.6), 117334, Moscow, Russia, e-mail: abas@idg.chph.ras.ru
The new model of purchase of the axial moment in
a case quasycontinuous growth of weight of the
growing Earth and discrete growth of the axial moment
is constructed. The model is a logic continuation of the
complex continuous model offered by A.V.Vitjazev
and G.V.Pechernikova (1990). According to their
hypothesis, growth of the Earth was result of accretion
of substances from a Protoearth feeding zone and
numerous impacts of large bodies with Protoearth
which were accompanied by emissions of substance on
geo- and helio-centric orbits, with the subsequent
reaccumulation of the substance thrown out into
heliocentric orbits on a growing planet. Contrary to the
model of a single megaimpact, weights of the bodies
falling to the Earth correspond to a function of
distribution of falling bodies accounting their
evolution, so the probabilities of such collisions are
higher.
In a considered discrete problem the gain of mass
of the Earth in each iteration is realized at the expence
of one accidentally chosen large body (from first ten in
the distribution) and a part of small bodies from the
"tail" of distribution. Transfer of the moment from the
chosen large body is taken into account only in the
gain of the axial moment of the growing Earth. Then
dimensionless time is recalculated accounting
increasing mass and the following iteration is
considered.
According to our definition of the problem all
considered values are determined at any step of the
iteration through six independently chosen random
values (three velocity components of the impactor, a
mass of the falling body from first ten bodies of the
distribution and coordinates of the point of the impact).
We recalculate at each step next values: mass of the
growing Earth, masses of ten largest bodies from the
distribution, radius of the growing Earth, feeding zone,
increasment of the moment, modul of the moment and
time.
The results of one random realization of the
problem under discussion are illustrated in the figures.
All values are arranged in accordance in the iterations
(as a result, the scale is non-linear). It can be seen that
all results are in agreement with the continuous model
by A.V. Vitjazev and G.V. Pechernikova.
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CHANGE OF ELEMENT STRUCTURE OF A CONDENSATE AT SHOCK EVAPORATION OF
BASALT.
N.N. Dogadkin1, A.A. Kazilin2, V.P. Kolotov1, V.S. Popov2, I.O. Sharikov2, O.I. Yakovlev1. 1- (GEOKHI
RAS,19, Kosygin Str, 117975 Moscow, Russia, Yakovlev@geokhi.ru), 2- (IMET RAS,49, Leninsky
Pr.119991 Moscow, Russia, l_ivanov@ultra.imet.ac.ru)
The received results confirm early qualitative
supervision, that at shock evaporation and subsequent
condensation the differentiation on structure of elements which are included in initial basalt is possible
[4].
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Introduction: The purpose of the present work
are the researches of morphology and structure of a
condensate of natural basalt (as representative of the
basic breed of a sea part of the Moon), formed at shock
destruction by its laser pulses simulating meteoric influence.
Thus the basic attention, as against work [1], was
given to study of a condensate at rather low capacities
specific energy amount (up to 108 Watt/sm2).
The micrometeoric influence was simulated about
the help of laser influence. In a basis of imitation the
criterion energy amount is fixed at meteoric impact and
pulse laser influence. In the present work as a material
the usual volcanic breed (basalt) by base which chemical elements was chosen are the oxides Si, Ti, Al, Fe,
Mg, Ca, Na, K. The surface of samples was polished
and was exposed to influence of radiation of the pulse
laser with the following characteristics: λ=1,06 micron,
energy of a pulse up to 100 J, density of capacity of
radiation in the given experiments varied within the
limits of 106 … 108 Watt/sm2, duration of a pulse ~10-3
sec (mode of free generation). Developed temperature
at the moment of a pulse ~4000 K [2]. The sample was
fixed inside the vacuum chamber, with limiting vacuum
10-5 tor.
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Results of research.
The received quantity of a condensate has allowed to make on it the panoramic analysis of the contents of elements. Were chosen comparative neutronactivation analysis and ICP-MS.
As the standards for neutron-activation analysis synthetic multielement samples on a basis phenolphormaldegid of pitch were used. A condensate, base
basalt and the standards were irradiated with thermal
neutrons, fluens ~1⋅ 1017 neutrons / sm2. The quantitative definition of structure was carried out with use
scale spectrometry with the subsequent processing of
spectra and account of concentration of elements under
the program ASPRO [3].
The comparison of the contents of elements in
initial basalt and condensate shows the steady tendency
to enrichment of a condensate by a number of chemical
elements included in structure of basalt. This tendency
is evidently represented in a fig. 1, where the contents
of elements in a condensate are given in their contents
in basalt, also normalization on Na is made.
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Conclusions.
Character of distribution of concentration of various
elements in a condensate certainby two various ways of
the analysis are qualitatively similar. From this it is
possible to draw a conclusion, that at the pulse laser
influence simulating shock interaction of a meteorite
with a target occurs abnormal flying difficultly flying
elements.
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ANALITICAL ESTIMATION OF THE RANDOM ERROR OF THE PHOTOMETRIC METHOD OF
DETERMINATION OF THE PLANET RELIEF I.A. Dulova, Yu.V. Kornienko and V.V. Pugach, Usikov
Institute of Radio Physics and Electronics of National Academy of Sciences of Ukraine, Acad. Proskura Str., 12,
Kharkov, 61085, Ukraine. E-Mail: pvv@ire.kharov.ua
The images of planet surface obtained in
optical range under natural illumination or in radiofrequency range with a synthetic aperture radar (SAR),
contain the information on the surface relief which can
be extracted therefrom by means of computer
processing. This possibility is based on the dependence
of brightness of a surface element on its orientation.
Starting from this dependence it is possible to find the
slope magnitudes in each point of the surface.
Integrating these slopes, one can obtain the relief. This
possibility is known as a method of van Diggelen. In
further, this method was mathematically correctly
formulated in [1], advanced in [2] and spread to case of
SAR in [3].
In [3] the experimental investigation of errors
of this method was carried out by computer simulation.
These researches have confirmed the efficiency of this
method and an acceptable magnitude of its errors. In
spite of this it is desirable to research theoretically the
errors of this method and to obtain analytical
expressions for them.
The errors arising when determining the relief
by the photometric method have a double origin.
Firstly, the signal reception is accompanied by
different noise. It causes a random error in the result,
the larger, the noise level is higher. Secondly, in [1, 2]
the equation define the optimum filter is solved only
approximately which causes a systematic error in the
result, the larger, the surface slopes are steeper. In the
present work we investigate a random error of the
photometric method.
Here we shall suppose, as in [1,2], that the
following assumptions are satisfied. The required relief
H(x,y) (i.e. the function describing the dependence of
the height H above a mean plane on the Cartesian
coordinates x,y in this) is a realization of the stationary
Gaussian process with the spectral density 1 α(k) ,
where k is a two-dimensional vector of spatial
frequency.
At small slopes, the relation between the
brightness distribution over the image and the relief
can be written with accuracy to the second order of
smallness as
I j = I0 j + c j∇H(x, y) ,
where I j is the brightness on the j -th image as a
function of coordinates x, y, ∇, a two-dimensional
gradient, and c j , a two-dimensional vector factor
depending on properties of the surface and geometry of
the experiment.

Let the true relief be described by the function
H0 (x,y). Then as a result of the experiment we shall
obtain a set of images
∞

J j ( x, y) =

∞

∫ ∫ g ( x − x ′, y − y ′ ) c
j

j

×

−∞ −∞

×∇H0 (x ′ , y ′ ) dx ′ dy ′ + N j (x,y),
where Nj (x, y) - are independent realizations of
registration noise.
In the problem of relief determination, these
relations play the role of the equations, defining the
required relief. As well as the majority of inverse
problems in physics, the problem of relief
determination after a set of images appears to be illposed. It means, that these equations can be solved
successfully in absence of the noise, but in the real
case, when the noise is not equal to zero, it may be that
the solution does not exist at all. The way out consists
in application of the statistical approach, which can be
viewed as kind of regularization. In this approach the
relief H(x, y) and the noise Nj (x, y) are considered as
elements of statistical ensembles with a given
probability distribution. Instead of the problem of
determination of a true relief the problem is posed to
determine such a relief which is the most probable at
the given set of the images J j (x, y) . The mathematical
solution of this problem yields a filter mapping the
initial set of the images J j (x, y) to the most probable
relief. This result is described in detail in [4].
The difference
δ(x, y) = Hm (x, y) − H0 (x, y)
is an error of determination of the relief, the random
nature of which is caused by the influence of the noise
realizations Nj (x, y) in the expressions for J j (x, y) ,
and by the random nature of the relief required (which
also contributes to the error by its part out of the filter
passband).
As it is shown in [4], the random error of the
relief determination consists of two items of essentially
different nature. The first of them origins from the
noise realizations and as a matter of fact is the noise
passed through the filter forming the relief from the
original images. The second of them origins from the
signal itself. It is expressed linearly from the relief and
caused by smoothing nature of the processing filter.
Both of the items depend on the space frequency
characteristic of the filter, hence, on the statistical
properties of the relief and noise. However, the first
item does not depend on the true relief H0 (x,y), and
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the second one is independent on the specific
realizations of noise Nj (x, y) .
As H0 (x,y) and Nj (x, y) are stationary
Gaussian processes, this concerns δ(x, y) as well.
Consequently, values of its Fourier components δ(k)
for different k are not correlated with each other.
Therefore, statistical properties of the error δ(x, y) are
completely characterized by its Fourier components
variance, i.e. by its spectral density
˜ (k) =
D

α(k)+β(k)

∑

1
were
(kc j ) 2 g˜ j *(k) g˜ j (k)

j

1/ β(k)is spectral density of relief, g˜ j (k) - Fourier
transform of the core g j (x − x ′ , y − y′ ) .
The filter mapping the initial set of the images
to the most probable relief is at the same time optimal
in the sense that it provides the minimal root-meansquare error of each Fourier-component of the relief.
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DIFFERENTIATED MOBILITY OF CHEMICAL COMPONENTS BY
SHOCK WAVE LOADING OF ROCKS. V.I.Fel’dman1, L.V.Sazonova1,
E.A.Kozlov2, 1Lomonosov Moscow State University (MSU), E-mail:
feldman@geol.msu.ru, 2Department of Shock Waves Physics, Russian Federal Nuclear
Center – E.I.Zababakhin Research Institute of Technical Physics (RFNC-VNIITF),
Snezhinsk, Chelyabinsk region, E-mail: kozlov@gdd.ch70.chel.su
The results of investigations into
the behavior of main rock-forming
elements in a dozen rocks depending on
shock wave loading are presented. The
experiment was performed according to
the method and the technique developed
in the Basic Research Department of
RFNC-VNIITD [1]. The results of these
experiments make possible to draw the
conclusion about differentiated mobility
of chemical components by shock wave
loading of rocks (before a melting of
rocks). This mobility have the multilevel
crystallochemical control (CC).
The first level of CC divide all
minerals into two distinct groups: 1)
tecto- and cyclosilicates (quartz,
feldspars, cordierite) – it is rendered
amorphous, being transformed into
diaplectic glass; and 2) the all other
minerals (sheet-, band-, chain-, orthoand
the
others
silicates
and
alumosilicates) – it undergo shockthermal decomposition (STD), being
transformed
into
shock-thermal
aggregates of secondary minerals.
The second level of CC
determines the shock wave amplitude for
starts STD – 25-30 GPa for a sheet
alumosilicate biotite, 35-40 GPa for a
band alumosilicate amphibole, 40-50
GPa for a chain silicate clinopyroxene,
50-55 GPa for a silicate with isolated
tetrahedron epidote etc.
The third level of CC specifies a
sequence of exportation of chemical
components from crystal lattice. In these
cases mobility of chemical components

corresponds to its coordination numbers.
Easier of all ions with high coordination
number migrated: twelve-coordinated K
(from biotite), the next ten –coordinated
K and Na (from plagioclase) and so up
to six-coordinated Fe and Al (from
staurolite). Four-coordinated Al and Si
do not migrate up to beginning of
melting.
The fourth level of CC is a ion
radius. For example, six-coordinated Al
(Ri = 0.57 A) migrate more intensive
than Fe ((Ri = 0.67 A).
References. 1. Kozlov E.A.
(2000) Metals, Minerals and Meteorites
Research in Spherical Shock-Isentropic
Recovery Experiments: Polymorphous
and Phase Transition, Spall and Shear
Fractures,
Physicochemical
Transformations
(Review).
Int.
Proceeding of V Zababakhin Scientific
Talks, Russian Federal Nuclear Center –
Research Institute of Technical Physics,
21-25 September, 1998, Snezhinsk
(Chelyabinsk-70), RUSSIA, Part I – pp.
579-590 in Russian, Part II – pp.413-424
in English.
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Left: Experimentally impacted amphibolite; A – diaplectic glass after plagioclase, B – STA
after amphibole. Right: STA after staurolite (corundum, hercynite and glass).

Microsymposium 34, MS021, 2001

THE ELLIPSOIDAL HARMONIC EXPANSION OF THE GRAVITY FIELD OF
ASTEROID EROS 433 ESTIMATED FROM THE NEAR DOPPLER TRACKING DATA
R. Garmier1, J.P. Barriot1, A. Konopliv2, D. Yeomans2
(1) UMR5562, Observatoire Midi-Pyrénées, 14 Av. E Belin, 31400 Toulouse France,
romain.garmier@cnes.fr, jean-pierre.barriot@cnes.fr
(2) Jet Propulsion Laboratory, 4800 Oak Grove Drive Pasadena, CA 91109, USA
alex.konopliv@jpl.nasa.gov, donald.k.yeomans@jpl.nasa.gov
During one year, from Feb. 14, 2000 to Feb.
12, 2001, the NEAR spacecraft (Near Earth
Asteroid Rendezvous) orbited Eros, a S-type
asteroid.
With the Doppler tracking data of NEAR,
one can estimate the mass, the rotation rate,
the spin pole motion, and the gravity field. All
these quantities can be used to probe the
density distribution inside the asteroid. As
nearly all the small bodies, Eros has an
elongated shape (34 km x 16 km x 16 km),
and the usual spherical harmonic expansion is
not well suited for the modeling of the
gravitational potential. The series converage
slowly, and a good accuracy for the modeling
involve a high degree expansion, but
unfortunately, due to the data noise, the
modeling coefficients of high degree are too
bad constrained to be used. A remedy is to use
ellipsoidal harmonic expansions instead of the
usual spherical ones. For Eros, an ellipsoid is
a better fit than a sphere, and then for a given
degree of expansion, the ellipsoidal harmonic
modeling will be more accurate than the
spherical harmonic one. We applied this
method to Eros, and estimated, from the
Doppler tracking data, the modeling
coefficients of the ellipsoidal harmonic
expansion until degree and order 12. We also
derived an ellipsoidal harmonic expansion of
degree 12 from a constant density shape
model. A comparison between these two
expansions provides insights into the internal
structure of Eros. These comparisons show
that Eros is nearly homogeneous, but we
observe some small density variations as an
offset between the real center of mass and the
one derived from the shape model. On a
Bouger Anomalies map, computed at the
surface of a sphere, we also find two

anomalies located at the extremities of Eros.
These anomalies are interpreted as a lack of
mass. The radio science team of J.P.L. (Don
Yeomans, Alex Konopliv) estimated the two
similar spherical harmonic expansions of
degree and order 15, (one from Doppler data
and one from a shape model). The behaviors
of these expansions is similar to the two
ellipsoidal harmonic expansions, but the
amplitude of the anomalies is less important
because the spherical harmonic expansions
are less accurate than the ellipsoidal harmonic
ones. We present, here, the modeling of the
gravity field by the ellipsoidal harmonic
series, and the results of the comparisons
between all the methods.
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CAVI ANGUSTI, MARS: EVIDENCE FOR VOLCANIC ACTIVITY, ICE SHEET MELTING, AND BASAL
DRAINAGE OF WATER. G. J. Ghatan, J. W. Head III and S. Pratt, Dept. of Geol. Sci., Brown Univ., Providence, RI, 02912
USA (Gil_Ghatan@brown.edu)
Introduction and Background: The south polar region of
Mars contains areas characterized by irregularly shaped pits,
generally located between 65 and 80°S, incised into a smooth
upland surface. These regions are formally named the "pitted
plains" or "pitted terrain". From Mariner data, the pits were
observed to be well-outlined features with sharp, steep walls,
some elongate and others more rounded, approximately 0.5 –
several tens of km in diameter. Their floors came in both
smooth and rough varieties, rounded or flat-bottomed, with
some exposing the underlying “cratered terrain” [1-3]. Based
upon inferred local wind direction from albedo markings, and
nearby features interpreted to be due to eolian processes, the
origin of the pits was attributed to eolian deflation [3-5]. Using Viking data, Howard [6] reexamined the pitted terrain, and
proposed basal melting of ground ice as an alternative origin
for the pits, implying that ice is a significant component of the
pitted plains unit.
The pitted plains unit was largely incorporated into the
units that Tanaka and Scott [7] mapped as Hdu and Hdl (the
upper and lower members of the Dorsa Argentea Formation),
and HNu, in the geologic map of the south pole they produced
from Viking data. Recent detailed mapping of the south polar
region using MOLA data [8] supports the interpretation that
the DAF and the related unit HNu are volatile-rich, and these
deposits have been interpreted as representing the remnants of
a formerly larger south polar ice sheet. This interpretation is
supported by the presence of esker-like ridge systems [9, 10],
flat marginal areas interpreted to be ponded debris, and sinuous channels leading from the margins of the deposit and interpreted to be drainage from meltback products [11]. The
proposed basal melting origin for the pitted terrain [6], specifically for Angusti and Sisyphi Cavi is also supported.
Ghatan and Head [12] have interpreted several mountains
mapped by Tanaka and Scott [7] located within an area of the
between 20° and 340 °W as subglacial volcanoes, which may
have played a role in local meltback of the larger, Hesperianaged south polar ice sheet. Two of these volcanoes are located
adjacent to Sisyphi Cavi, and may have contributed to basal
melting during its formation. This study focuses on a basin of
the Cavi Angusti area of the pitted terrain, and using new
MOLA and MOC data, presents evidence for volcanic activity
within the basin, resulting in volatile loss from the deposit, and
possibly leading to local meltback of the Hesperian-aged ice
sheet from this region.
Description: The basin is centered at approximately 79°S
and 70°W. It is elongated in a direction away from the pole,
and measures about 100 km x 50 km. The walls of the basin
are curved and cuspate, and have measured slopes of about
11° which shallow out at the base in a concave manner. There
is a breach in the wall towards the north, which connects to a
more elongated pit that is also part of the Cavi Angusti complex. Other than this break, the rim of the basin is intact to an
elevation of 1500 m, with higher levels existing in places,

especially along the eastern margins. The walls also appear to
display a staircase geometry, visible in both MOC images and
the shaded relief map (Figure 1).
MOC wide angle images of the basin indicate a rather
smooth floor, with several small craters visible. A shaded
relief map of the basin shows a slightly more hummocky texture to the floor, and reveals several additional small craters,
some which appear to be exhumed and partly filled with material (Figure 1). Located within the basin are two topographic
highs, one more rounded, and the other elongate (designated
mountain and ridge, respectively). The MOLA data show that
the lowest points within the basin are on the floor where it
meets the wall (Figure 2).
The mountain, located in the geographic center of the basin, is approximately 20 km in diameter, 770 m tall, has a basal elevation of 1050 m, and a summit elevation of 1820 m. In
both MOC and shaded relief views, the mountain appears to
have relatively steep, hummocky slopes (measured to be 6°), a
flat-top, and to be perched on a low platform. This platform
extends away from the mountain in all directions about one
diameter length from the edge, and has lobate edges as well as
a clear terminal scarp. The ridge, located slightly northwest of
the mountain, is elongated in the same direction as the basin.
It has the same basal elevation as the mountain, and a summit
elevation of about 1600 m. It also sits on a platform. Between
the mountain and the ridge is a saddle that stands at an elevation of 1100 - 1150 m. Volumes were calculated for the basin,
the mountain and the ridge. The basin has a total volume of
2500 km 3 up to the 1500 m contour, the mountain has a volume of 51.6 km3 , and the ridge has a volume of 30.6 km3 .
Also seen on the shaded relief map is a lobate feature with
clear terminal scarps that extends away from the mountain in a
northerly direction, parallel to the elongate trend of the basin.
It measures 30 km x 14 km. In the shaded relief map this lobate feature is seen to clearly display a unique texture from the
rest of the floor material. It spreads out away from the mountain. Whether the lobate feature is actually connected to the
mountain is difficult to determine. The lobate feature is
clearly seen in MOC wide angle images displaying various
albedo features, and is also visible in detrended topography
data [13]. However, the area between what is definitely the
mountain and what is definitely the lobate feature is obscured
in all available images by the ejecta of an impact crater. In the
shaded relief map it appears that the lobate feature does connect with the platform upon which the mountain sits in two
narrow places. Trending parallel to the northern scarp of the
lobate feature are two other lobate scarps, which the topography data show to down step in a staircase manner.
Interpretation: The lobate feature emanating away from
the mountain is here interpreted to be a lava flow. Its dimensions are consistent with a lava flow origin, as are the lobate
and cuspate nature of its margins, and its clear terminal scrap
[14, 15]. It spreads outwards as it emanates away from the
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mountain, suggesting that the mountain is the source, and that
the mountain is actually a volcano.
A single MOC narrow angle image (M1003510) is located
on the flow. This image reveals a unique texture from all
other MOC narrow angle images of the basin floor. It displays
various albedo markings, some dark blocks, and some small
scale (~100 m) polygonal cracking. While not distinctly characteristic of a lava flow, such features are known to be associated with terrestrial lava flows, such as those of Kilauea Iki
[14]. The two other lobate scarps that are parallel to the flow
could likely be previous flows, as could the platform upon
which the mountain sits. The topographic data show that these
scarps form a staircase geometry, and suggest that the scarps
are the fronts of flows that underlie the most recent flow.
The mountain itself, while similar in height, width, and
volume to other martian features interpreted as volcanoes [16],
is different in some morphological respects. It is somewhat
flat-topped and has relatively steep slopes for a martian volcano [17, 18]. Because of its geographic location, in the center of a basin incised into the volatile-rich deposits of a formerly larger Hesperian-aged south polar ice sheet, there exists
the possibility that at times during the eruptive history of the
mountain, it erupted into ice-rich surroundings. The anomalous characteristics of the mountain from other similar sized
martian volcanoes (its flat-top and steep slopes) are well explained by a subglacial constructive history [19]. The mountain is also physically similar to other mountains near the
south pole interpreted to be subglacial volcanoes erupted into
the larger Hesperian ice sheet [12]. The close vicinity of the
ridge to the mountain, as well as their common basal elevation, similar heights and volume suggests that the ridge is related to the mountain, and that it may also have formed subglacially, and thus could be a moberg ridge [19].
While the mountain and ridge may have a subglacial origin, the flow emanating away from the mountain is unlikely to
have formed subglacially, as lava erupted beneath ice tends to
form pillows and hyaloclastites, and is confined by the surrounding ice walls [20]. Thus a general geologic history of the
basin is: 1) Emplacement of the Hesperian-aged ice sheet and
associated units occurred; 2) Eruption of the mountain and
ridge into the volatile rich deposits of the Hesperian-aged ice
sheet melted and removed a volume of water equivalent to the
basin up to the 1500 m contour (2500 km3 ); 3) Later subaerial
eruptive stages produced several lava flows.
Meltwater production: A simple test of this hypothesis is
an ice-to-magma ratio. Based on heat flow calculations modeled from Icelandic work [21], it is estimated that a volume of
approximately 450 km3 of magma would be necessary to melt
the 2500 km3 of ice that once filled the basin. The combined
volume of the mountain and ridge is 82.2 km3 . Thus, approximately 20% of the required magma is seen in extrusive
deposits, leaving the additional 80% to have cooled intrusively, and to have released its heat conductively. This is the
same ratio of intrusive-to-extrusive material calculated to be
responsible for the production of meltwater in the Grimsvotn
geothermal area in Iceland [22, 23]. Thus, the mountain and
ridge together could plausibly be responsible for removing the
ice from the basin, allowing for later subaerial eruptions.

Conclusions: The irregular pits and depressions of the
south polar region of Mars have previously been attributed to
eolian deflation [3-5] or basal melting [6]. More recent detailed analyses of the area using MGS MOC and MOLA data
support the basal melting origin [8]. Evidence for volcanic
activity within a basin of Angusti Cavi has been shown. We
interpret that subglacial volcanic eruptions within the basin led
to development of a tuya and moberg ridge, which, along with
heat from intrusive materials, were able to melt a volume of
ice that once filled the basin. After the ice was removed, continued volcanic activity was subaerial, and formed lava flows.

Figure 1. MOLA shaded relief map of basin.

Figure 2. MOLA topographic profile across basin.
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MICROPROBE RESULTS CONFIRM RINGWOODITE IN IMPACT GLASS FROM SPAIN.
L.I. Glazovskaya1, E. Díaz-Martínez2, V.I. Feldman1, 1Lomonosov Moscow State University ,
Russia 2Centro de Astrobiología (CSIC-INTA), Spain
Ringwoodite was up to now found
naturally only in some meteorites and obtained
experimentally under high pressure conditions
[1, 2, 3]. The first information on a possibility
of its presence in the Earth in pumice was
supplied by Spanish geologists [4], who studied
a small outcrop of pumice-like rocks in
Extremadura (W Spain) with a Pliocene or
younger age. The pumice is locally used to
carve handcrafts.
Their interpretation of
powder X-ray spectrum (Fig 1) [4] of vesicular
glass revealed the presence of a phase with aspinel structure - ringwoodite - and assumed an
impact genesis for the pumice. Ringwoodite
composition was not obtained, and no detailed
study of glasses under microprobe was made.
We have studied several samples of this
pumices with a “Comebax” microscope. Porous
rocks are represented mainly by glass
containing quartz fragments and rare fragments
of K-feldspar and zircon. The host rocks are
well-bedded metapellites and metapsammites.
Under the microscope, the main part of the melt
is represented by acid glass with an
heterogenous composition (Table 1, analyses 1,
2).
The glass includes some plots of melted
K-feldspar (Table 1, analyses 7, 8), plots of
melted quartz, and plots corresponding in
composition to a mixture of several minerals
including mafics. The composition of glasses

and minerals from pumice microprobe analysis
is shown in the following table.
The melt is of essentially different
composition around some large pores (analyses
3, 9, 10). The glass is enriched with iron and
phosphorous. It was in this melt where we
identified ringwoodite (Table 1, analyses 4, 5;
Figs. 2, 3). Near the pores, ringwoodite crystals
have a dendritic form. With increasing distance
from the pore, crystals acquire a box-like
shape, and farther in the shape of bulk crystals.
The presence of ringwoodite indicates that the
melt was subject to very high pressure. We
determined for ringwoodite XFe [=FeO:
(FeO+MgO)] - 0.95 –0.92, in accordance with
diagram Ringwood p.74 [5] -the pressure is 118
kbar. The crystal growth stopped prior to the
complete withdrawal of pressure.
The evidence for an impact origin of the
pumice-rock is:
1. Chemical composition of the glass
corresponds to that of target rocks, and does not
correspond to the composition of magmatic
rocks (differing from them by its high Fe and Al
content)
2. The composition of the glass is
heterogenous (as a result of in situ melting of
quartz, K- feldspar, mafic minerals, and their
mixture)
3. Melt cooling was very fast (as indicated by
dendrites and box-like crystals).

Table 1
N
Sample
SiO2
TiO2
Al2O3
FeO
MnO
MgO
CaO
Na2O
K2O
Cr2O5
P2O5
S
BaO

1*
18-2
66.61
0.0
18.87
1.87
0.0
0.43
0.09
4.06
7.33
0.09
0.0
0.07
0.55

2
15-18
61.14
0.41
23.45
5.20
0.6
1.39
0.25
1.92
5.60
0.0
0.06
0.0
0.0

3
15-10a
59.18
1.09
17.14
12.56
0.0
0.52
0.08
1.63
4.61
--3.18
-----

4
15-7a
29.22
0.08
0.20
63.91
0.05
5.13
0.00
0.01
0.08
--1.35
-----

5
15-1
28.32
0.24
0.28
66.07
0.00
3.05
0.10
0.00
0.07
- -1.87
-----

6
15-4
0.12
1.11
57.09
39.69
0.00
1.90
0.06
0.00
0.03
--0.01
-----

7
15-11
65.62
0.00
18.54
0.46
0.01
0.00
0.00
2.62
12.73
--0.00
-----

8
15-7
65.99
0.00
18.95
0.64
0.04
0.00
0.03
4.60
9.31
0.00
0.01
0.11
0.32

9
15-10
52.53
1.00
13.90
22.46
0.00
1.04
0.20
1.82
3.30
0.51
3.00
0.13
0.09

10
15-12
59.12
0.22
15.74
13.11
0.02
1.12
0.21
2.50
4.72
0.06
3.07
0.02
0.00

1, 2 - glass; 3 - glass including ringwoodite; 4, 5 - ringwoodite; 6 - spinel; 7, 8 - melting glass on
potassium feldspar; 9 - glass including spinel; 10 - glass including ringwoodite and spinel.
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Fig 2 Ringwoodite and spinel in glass

Fig 3 Dendrites of ringwoodite and spinel
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ON THE EXCITATION OF FREE OSCILLATIONS ON THE MOON. T.V.Gudkova and
V.N.Zharkov. Schmidt Joint Institute of Physics of the Earth, RAS, Moscow, Russia, gudkova@uiperas.scgis.ru
Introduction. In the Solar System the Moon
is the only extraterrestrial body besides the Earth
for which seismic data have been obtained. These
data suggest its very inhomogeneous internal
structure. The external scattering layer (15-20
km) is the most heterogeneous part of the Moon.
The presence of such a layer leads to extremely
long signals in lunar seismograms and to large
uncertainties in arrival time readings. The Moon
has a crust, a mantle and a core, and the lower
part of the mantle possesses significant
dissipative properties and appears to be partially
molten.
One of the central goals is to construct a
spherically symmetric interior structure model of
the Moon, which as in the case of the Earth,
could be used as a zero approximation - a basic
model. Due to strong heterogeneous external
layers of the Moon it is difficult to use body
waves for the construction of the interior
structure model in the zero approximation. For
this purpose, data on free oscillation spectrum
and surface waves are more suitable.
For the application of free oscillation method
for studying of lunar interiors it is necessary to
estimate the amplitudes for different types of free
oscillations due to moonquakes, and how these
amplitudes depend on focal depth and excitation
processes taking into account the available data
on the seismic activity on the Moon and the
sensitivity of current instruments.
Results. For this purpose, with the help of
the free oscillations excitation theory for the
Earth described in the paper by Dziewonski and
Woodhouse (1983), we have obtained the
formulas for the ground
displacement
components as functions of focal mechanisms for
the moonquakes.
Taking into account the data on seismic
activity on the Moon, it is possible to expect the
detection of torsional oscillations first.
Horizontal components of the displacement uN
(in the direction North) and uE (in the direction
East) are proportional to the value of the seismic
moment M0 of the source. For the largest
lithosphere moonquakes M0 ≈(1-16)⋅1021 dyn
cm. The detection of seismic events on the
Moon took place during 5 years. The possibility
that larger moonquakes will also be detected in
the future is not ruled out. Current broad band
seismometers
can
measure
accelerations
(Lognonné et al., 1996)
a N,E = - ω 2 u N,E ≈ 10 -8 cM/c2

(1)

Therefore, the task is to find modes that satisfy
this condition, and to estimate their diagnostic
capabilities.
The amplitude spectrum for the fundamental
modes 0Tl and their first overtones is shown in
Figure 1. It is seen, that displacements of the
torsional fundamental modes are in the range of
10-29-10-26 cm if the seismic moment is taken to
be unity, for the lithosphere moonquake with the
seismic moment M0=10 22 dyn cm we have the
displacements of order of 10-7-10-4 cm. The
displacements of order of 10-5 cm at ω ≈ 0.03 s -1
satisfy the condition (1) and, consequently, the
modes 0Tl , with l higher than 7-10, can be
recorded by current instruments. The torsional
modes 0Tl with l ≥7 can sound the external
layers of the Moon, including the transition
zone. It is seen, that when M0 increases to 10 23
dyn cm or the sensitivity of the instrument a
increases up to about 10-9 cm s -2 (see (1)), the
first overtones of torsional oscillations with l ≥5
can be recorded.
Since a real mechanism for lithosphere
moonquakes is not known exactly, we have
calculated the amplitudes of oscillations for
different sets of strike, dip and slip angles at
intervals of 45°. The calculations show that for
different focal mechanisms the amplitudes differ
by several times. Here is minimum and
maximum displacements u N (in cm) at M0=1 dyn
cm for some modes 0Tl : l =2: 10-29-6⋅10-29, l =3:
1.5⋅10-29-6⋅10-29, l =5: 1.2⋅10-29-4.5⋅10-29, l =7:
3⋅10-28-8⋅10-28, l =10: 7⋅10-28-1⋅10-27, l =20:
2⋅10–27-1⋅10-26.
Conclusion. It turned out, that the strongest
lithosphere moonquakes with the seismic
moment M0≈1022 dyn cm are capable to excite
the torsional modes 0Tl with l ≥7, that can be
recorded by current high sensitive broad band
instruments. These modes are able to sound the
external layers of the Moon to the depth of about
500 km. Taking into account the fact that
heterogeneities
of
the
Moon
spread
approximately to this depth (from physical point
of view, it can be related to the depth of "Magma
ocean", appeared at the final stage of the lunar
formation, the solidification of which led to so
deep heterogeneous layer of the satellite).
It is shown that the largest lithosphere
moonquakes excite worse the spheroidal
oscillations nS l , which cannot be recorded by
available instruments due to the low seismic
activity of the Moon. The modes nS l , are excited

T.V.Gudkova, V.N.Zharkov, On The Excitation Of Free Oscillations On The Moon.
by bodies impacts on the lunar surface much
more efficiently. However, the impacts on the
lunar surface detected so far are too weak to
excite free oscillations that could be recorded.

References [1] Dziewonski A.M. and Woodhouse
J.H. (1983). Proc. Enrico Fermi Int. Sch. Phys., v.85,
p.45. [2] Lognonné et al. (1996) Plan. Space Sci.,
v.44, p.1237.

Figure 1. The amplitude spectrum for fundamental tones of torsional oscillations with l
=2,3,5,7,10,20,30,40,50 and their first overtones. X-axis - frequency ω =2π/T and the period T (min), Yaxis - the amplitude of the horizontal component uN (cm). The seismic moment is taken equal 1. Focal
mechanism is 45,45,45 for dip, strike and slip angles with a focal depth of 50 km. Epicenter coordinates
are 29°N, 98°W, seismometer coordinates are 0°N, 45°W, an epicentral distance is 58°.

Microsymposium 34, MS025, 2001

MEDUSAE FOSSAE FORMATION AS VOLATILE-RICH AIRBORNE MATERIAL DEPOSITED DURING
OUTFLOW EVENTS AND/OR PERIODS OF HIGH OBLIQUITY: TESTS OF THE HYPOTHESES: James W. Head1
and Mikhail Kreslavsky1,2, 1 Department of Geological Sciences, Brown University, Providence, RI 02912
James_Head@brown.edu, 2 Kharkov Astronomical Observatory, 35 Sumska, Kharkov 61022 Ukraine
Summary: On the basis of the similarity of the Medusae
Fossae Formation to polar and circumpolar deposits, we propose that the unit formed from airborne volatile-rich material
emplaced during and immediately subsequent to outflow
events, when the northern lowland-highland topographic
boundary favored upwelling of water-rich air and preferential
deposition of volatiles there and/or during periods of high
obliquity when equatorial regions were much colder. Sources
of volatiles include polar regions undergoing concurrent sublimation at high obliquity, and freezing and subliming water
deposited from outflow channels. The complex stratigraphy
of the Medusae Fossae Formation suggests that periods of
emplacement were interrupted by periods of erosion and volatile loss. Previous mapping of stratigraphic relationships suggests an extended duration of emplacement in the Amazonian,
and recent mapping using MOLA data suggests that the record
of this type of process might extend back into the Hesperian
Period. These hypotheses can be tested using a variety of
techniques.
Introduction: Thick (1-3 km), antipodal, unconformable
layered deposits in the equatorial region of Mars have been
interpreted to be remnants of ancient polar deposits [1]. The
deposits are accumulations of easily eroded material. Early
deposits are draped over underlying topography and evidence
of stripping means that deposition has ceased and erosion has
been going on for an undetremined period of time. Outliers
suggest that the deposit covered a much broader region in the
past. These deposits correspond in large part to the Medusae
Fossae Formation (MFF) [2,3], which 'consists of relatively
flat sheets that are generally smooth to grooved and gently
undulating; deposits appear to vary from soft to indurated.'
The MFF (Am) consists of three members: The lower member
(Aml) is smooth to rough and highly eroded and interpreted
[2,3] to be lava flows interbedded with pyroclastic rocks or
eolian deposits. The middle member (Amm) is similar to the
upper member but the surface appears rougher and more
deeply eroded in places; it is cut by scarps and transected by
intersecting joint sets [2,3] and interpreted to be welded and
nonwelded pyroclastic rocks or layers of eolian deposits [2,3].
The upper member (Amu) consists of discontinuous but widespread deposits that are smooth, flat to rolling, and sculpted
into ridges and grooves in places, with broadly curved, locally
serrated margins. It is interpreted to consist of unwelded pyroclastics or thick accumulations of eolian debris, which have
been wind-eroded, particularly along the margins [2-4]. The
MFF is lightly cratered (<200 craters >2 km x 106 km2 ) and
interpreted to be Amazonian in age [2,3], with the lower
boundary shown to be well into the Amazonian Period. Numerous hypotheses have been proposed to account for the
origin of these deposits [see summary in 5] and studies are
underway to assess the full range of these hypotheses using
new MGS data [5-7].
The purpose of this analysis is to contribute to the assessment of the origin of these unusual units. Specifically, we have

used new MOLA topography data: 1) to test the hypothesis
that these units might have formed in a manner similar to deposits presently seen in and near the poles, 2) to assess the
stratigraphic relationships to other units in order to clarify the
age of formation and modification of this unit, and 3) to examine hypotheses related to outflow channel formation and
obliquity cycle extremes. We compare these deposits and their
morphologic features to present polar deposits [8], and to ancient circumpolar deposits surrounding the South Pole [9-11]
Present polar and paleopolar desposits: MOLA data
have enabled researchers to determine the characteristics and
stratigraphic relationships of polar and circumpolar deposits to
a much higher degree than previously [8-11] and these views
complement the characteristics determined from Viking data
[12]. South circumpolar deposits (the Dorsa Argentea Formation) interpreted to be of Hesperian age [13] have the following charactristics [9-11]: they 1) are unconformable; 2) are
smooth relative to other units at several scale lengths; 3) show
evidence of a volatile-rich nature (channels, esker like features, cavi, chasmata, pedestal craters, etc.); 4) have a distinctive topographic profile (compared to volcanoes and other
features); and 5) form thick deposits relative to surrounding
terrain.
Characteristics of the equatorial deposits: MOLA data
provide detailed information about the configuration of the
deposits, their relation to surrounding terrain, the stratigraphic
relationships of individual members, and high-resolution altimetry to characterize the deposits. Viking images and mosaics overlain on MOLA DEMs provide an important perspective on these issues. The upper member (Amu) is seen unconformably overlying the dichotomy boundary and rising up to
elevations of about 0.5 km, ~3.5 km above Amazonis Planitia,
indicating a comparable unit thickness. Portions of Amm lie at
the northern edge of this occurrence and slope off into Amazonis Planitia. In the foreground is seen the highly modified
portions of the middle member (Amm), with tear-dropped
shaped hills separated by large valleys [14]. From this perspective view, one gains the clear impression that Am is heavily
dissected and modified at all length scales. Troughs within the
MFF cut deeply (up to 2-3 km) into the unit over very short
lateral distances, and trend generally down the regional slope,
sometimes parallel to channels in the uplands. These features
differ from troughs in polar deposits and are more similar in
morphology and scale to polar chasmata [12]. To the west
along the dichotomy boundary, more extensive exposures of
Amm are seen; here the Noachian cratered uplands are embayed at the boundary by ridged plains, on which Am is superposed. Similar relationships to those described elsewhere
along the dichotomy boundary are seen, with topography
highest to the south rising up to -0.5 km, and sloping off to the
north to about -2.5 km. The terrain here is also characterized
by NW-trending valleys and troughs, broader here than in the
area previously described (see Figure 1 of [18]). The observations outlined in this analysis underline previous conclusions
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that this deposit has been highly modified and significant parts
of it have been eroded by a host of exhumation and modification processes. This raises the important question of what ages
of the unit derived from crater counts really mean. If the unit
has been undergoing constant modification since its formation,
then the Amazonian ages derived from counts of superposed
craters will reflect the age of formation of the modified surface, not necessarily the age of the unit itself [see also 15].
Comparative characteristics of the equatorial deposits:
Both similarities to and differences from present polar and
ancient circumpolar deposits are seen. Among the similarities
in morphology and topography are: 1) thick central deposits
mantling subjacent cratered terrain and thinning toward the
margins; 2) unusually large thicknesses that are similar to
present polar deposits; 3) unusual smoothness of deposits at
several scale lengths, 4) partially exposed impact craters, very
similar to features in the south circumpolar deposits which
have been partly to wholly embayed by polar deposits and
then exhumed by sublimation and meltback, 5) narrow sinuous
and braided ridge networks, which are often very similar to
esker-like ridges in the south circumpolar deposits that are
interpreted to represent melting, drainage and meltback of a
former ice sheet; 6) craters marginal to the deposits which
often show thick accumulations of interior layered deposits
and are similar to impact craters surrounding present and previous north and south polar deposits; 7) pedestal craters, which
are similar to those found around some south circumpolar
deposits and which provide information on the amount of material potentially removed from the deposits.
Differences between these deposits include: 1) the lack of
abundant distinctive spiral troughs (although candidate examples exist); 2) the abundance of features interpreted to represent eolian stripping (e.g., yardangs) in the equatorial unconformable deposits; 3) the lack of pervasive fine-scale layering
observed in polar deposits, and 4) athough broadly similar in
smoothness to the polar deposits relative to other units, the
MFF shows distinctive differences among its members and
between the MFF and polar deposits.
Stratigraphic relationships and implications for the age
of formation of the Medusae Fossae Formation: Critical to
the understanding of the origin of the MFF is confirmation of
the age of formation and modification of this deposit, and
knowledge of its interaction with regional units. We used
MOLA topography data to examine the relationships between
the MFF and other units to test the interpreted Middle-Late
Amazonian age [2,3]. Previous studies using MOLA data have
shown that the division of the MFF into overlying members
[2,3] is not everywhere consistent with topographic relationships [5,7]. We examined specific topographic and stratigraphic relationships of the MFF with surrounding units and
found: 1) there is significant variation in the elevation of the
mapped subunit boundaries, suggesting that the three subunits
show much more complex relationships than simple sequential
flat layers, supporting previous observations [7]. 2) Amu
clearly unconformably overlies the earliest aureole deposits
(Aoa1 ), but shows much more ambiguous relationships with
Tharsis volcanics. In some places, units mapped as AHt3
{which is completely stratigraphically older than the base of

the MFF [2]), appears to overlie Amm and Amu. 3) In some
cases, Hesperian-aged channel deposits seen in the uplands
near the dichotomy boundary appear to reemerge to the north
in portions of Amm. 4) In Elysium, there is evidence that
modification of the MFF has led to channel development [see
also discussion in 16]. On the basis of these data and evidence
that the MFF has undergone very significant exhumation and
modification, we conclude that original materials that now
make up the Medusae Fossae Formation may have actually
been emplaced and modified repeatedly and also partly in
much earlier times, perhaps at least partly in the Hesperian.
Tracing of lava flow paths suggests that some of the major,
presently-observed topography of the MFF may have also
been in existence during the Hesperian [see also 14].
Conclusions: These comparisons support the interpretation that the thick, unconformable layered deposits in the equatorial region of Mars are remnants of ancient volatile-rich
deposits [e.g., 1] that have subsequently undergone significant
erosion and degradation. Stratigraphic evidence suggests that
formation and modification of the MFF took place throughout
the Amazonian and may have taken place at least partly in the
Hesperian Period. We conclude that the relationships described above are consistent with two hypotheses that seem
more plausible than true polar wander [1]. These both involve
formation from airborne volatile-rich material: 1) emplacement during and immediately subsequent to outflow events,
when the northern lowland-highland topographic boundary
favored upwelling of water-rich air and preferential deposition
of volatiles there, and/or 2) emplacement during periods of
high obliquity when equatorial regions were much colder.
Sources of volatiles include polar regions undergoing concurrent sublimation at high obliquity, and freezing and subliming
water deposited from outflow channels [19, 20]. The complex
stratigraphy of the Medusae Fossae Formation suggests that
periods of emplacement were interrupted by periods of erosion
and volatile loss.
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3) R. Greeley and J. Guest, USGS Map I-1802 B, 1987; 4) D.
Scott and K. Tanaka, JGR, 87, 1179, 1992; 5) J. Zimbelman et
al., LPSC 30, #1652, 1999; 6) J. Zimbelman et al., LPSC 28,
1623, 1997; 7) S. Sakimoto et al., JGR, 104, 24141, 1999; 8)
M. Zuber et al., Science, 282, 2053, 1998; 9) J. Head, LPSC
31, #1119, 2000; 10) J. Head and S. Pratt, JGR, 106, 12275,
2001; 11) J. Head and G. Ghatan, LPSC 32, #1062, 2001; 12)
P. Thomas et al., Mars, UA Press, 767, 1992; 13) K. Tanaka
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SMALL KNOBS AND CONES IN ISIDIS PLANITIA AND THE NORTHERN LOWLANDS: DESCRIPTION AND
STRATIGRAPHIC RELATIONSHIPS: James W. Head, Sheryl Bigler, and Stephen Pratt, Department of Geological Sciences, Brown University, Providence, RI 02912 USA, James_Head@brown.edu
Introduction: Among the most prominent landforms in
the extensive Vastitas Borealis Formation (Hv) of the northern
lowlands are small knobs that make up the knobby member
(Hvk) and which are also distributed throughout other members of the Vastitas Borealis Formation [1]. The origin of these
features is controversial and as mapped by [1] they were interpreted to be small volcanoes and highly degraded remnants of
highland material. Many other interpretations have been proposed, including pingoes, mud volcanoes, gas-hydrate eruptions, and pseudocraters [2-11, and additional references in
10]. In an effort to assess the origin of these features we have
used MOC images and MOLA altimetry to characterize them.
We started first in the northern lowlands and examined the
nature of all such features observed in MOC images released
up through August 2001. We found that the majority of these
features were covered by a thin (meters-thick), latitudedependent mantling unit [12 13] that obscured the detailed
surface morphology of the knobs. We thus examined a series
of similar knobs in the Vastitas Borealis Formation in the Isidis Basin, at latitudes below that where the surface mantle
dominates. We report here on the characteristics of such
knobs.
Description: Small cones in the Isidis Planitia region are
widespread [8; 14] and have been mapped as part of the ridged
member of the Vastitas Borealis Formation (Hvr) because the
cones are commonly arrayed in linear strings forming ridges.
MOC images have revealed that the vast majority of these
cones have summit pits and craters [15]. We have mapped in
detail a set of cones from a typical array seen in MOC images
(Figure 1). The geological setting and array of features seen on
this part of the Isidis Basin floor is as follows: 1) Background
plains are divided into three types: a) Dark plains: very smooth
and primarily appear to surround young but degraded larger
craters; may be ejecta-related. b) Bright plains: smooth, but
appear slightly more pitted at the fine scale, slightly rougher.
c) Pitted plains: these are very heavily pitted with small craters; they are so highly pitted that many of the craters do not
look like impacts and some may be of internal origin. 2)
Dunes: These occur superposed on almost all units but look to
be preferentially developed, or more dense, on the dark plains.
Crater rims clearly serve to localize dunes. A few shadow
zones are observed SW of cones. There is commonly a single
orientation of these dunes across the image. 3) Pitted Cones:
Individual cones with summit craters, and collections of cones
with abundant craters, commonly aligned. Some look much
more highly cratered and degraded than others. Cones have
single craters, multiple craters, and there are almost none with
no craters. Summit craters have a wide range of inner morphology with concentric structures common. The upper parts
of the cone often appear rough and the lower parts are
smoother and appear to be talus slopes in part.
Individual cones and groups of cones: Typical individual
cones are seen in Figure 1 c, d, e, and f. These cones are all
less than a kilometer in diameter measured from the margins
of the cones where there appears to be a change in slope from
the background plains. The bases of the cones appear somewhat oval, and the orientation of the long axis is normal to the
orientation of the dunes, suggestion that there may have been
some elongation due to eolian activity (perhaps preferential
wind erosion and lee deposition), either initially during their

formation, or subsequently. Summit craters are remarkably
circular, suggesting that if they are due to eruptive activity,
wind modification was inconsequential during their formation.. Summit craters are ubiquitous, and are remarkably consistent in their diameter, ranging between 200-300 m. There is
typically structure in the interior of the individual summit
cones: in many, this takes the form of concentric rings (Figure
1 c, d) and these appear to be related to potential slumping, or
perhaps multiple events in the formation process. In others
(Figure 1e) there is a single summit pit with no concentric
rings. Cone flanks can be subdivided into upper and lower
segments: the upper flanks appear very rough at several-meter
resolution and comprise a relatively more steep portion of the
flanks, extending out typically 100-150 m from the edge of the
summit. The lower flanks are smoother and less rough, and the
boundary is marked by albedo changes apparently related to
both roughness differences and change in slope. The lower
flanks commonly have a much higher density of dunes and
these too, show an asymmetrical occurrence about the cone.
MOLA altimetry profiles are useful in defining the general
heights of the cones, but since there are only 1-3 footprints per
cone, detailed individual widths, shapes and heights are difficult to obtain. Maximum height above the surrounding plains
for four cones in the mapped area ranged from 20-35 meters,
with the higher values passing over cone summit regions.
Some individual cones are elongated in shape with elongated,
oval summit craters. Other than their elongate shape, they are
very similar in their flank and summit crater characteristics to
circular structures (Figure 1b). In Figure 1b it can be seen that
the orientation of the long axis of the cone is at an angle to the
elongation of the lower flank deposits. In some cases, individual cones are close enough together to overlap (Figure 1a) and
these differ from the elongate oval crater (compare Figure 1a,
and b). In the overlap case, it appears that the northernmost
cone may have formed later than the southern one, as portions
of the cone overlap onto the southern cone. In some cases
individual cones have craters in addition to the summit crater
(Figure 1g). These often show morphologies more similar to
impact craters than to the summit craters, and thus may simply
be superposed impacts. Cones can also be arrayed in chains
(Figure 1e). In the lower part of this image, a 900 m long
elongated cone is continuous with a 400 m oval cone, which
itself abuts a circular cone with a complex summit crater. Note
too, that in comparison to other cones in this area (Figures 1 ad, f,g), these cones appear to be more degraded and to have
more superposed impact craters, both suggesting an older age.
Summary: These new observations show that any theory
of formation must account for: 1) a distinctive and relatively
narrow range of cone and summit crater diameters, 2) heights
of the order of less than 50 meters, 3) the ubiquity and complexity of summit pits, 4) consistent variations in flank characteristics, 5) different stages of preservation and apparent age,
6) elongation of individual cones and arrangement into chains,
and 7) the lack of any apparent associated lava flows.
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2000; 5) K. Tanaka, et al., LPSC 31, 2023, 2000; 6) G. Ori et al.,
LPSC 31, 1550, 2000; 7) J. Kargel et al., LPSC 31, 1891, 2000; 8) P.
Grizzaffi and P. Schultz, Icarus, 77, 358, 1989; 9) K. Tanaka, JGR,
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11) H. Frey and M. Jarosewich, JGR, JGR, 87, 9867, 1982; 12) M.
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Figure 1. MOC images of typical small cones in the Isidis
Basin region, labeled left-to-right a-c (top), d-f (middle) and g
(lower). MOC image 09-01055. Location 274 W, 12.6 N.
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SOUTH CIRCUM-POLAR ICE SHEET, MARS: EVIDENCE FOR MARGINAL PUSH MORAINES. James W. Head1 ,
Sarah M. Milkovich1 , and Stephen Pratt1 , 1 Department of Geological Sciences, Brown University, Providence RI 02912 USA,
james_head@brown.edu
Summary: A series of parallel and arcuate linear ridges at
the margin of an extensive circum-south polar ice sheet deposit are interpreted to be push moraines, marking the position
of ice sheet loading and movement, and related deformation of
the substrate. Identification of such features elsewhere on
Mars may aid in the location of the former positions of icerich deposits.
Introduction and background: The Dorsa Argentea
Formation (DAF), an Hesperian-aged unit characterized by
regional mantling of underlying Noachian cratered terrain by
thick accumulations of fine-grained, loess-like deposits, has
been mapped extensively around the South Polar region [1,2].
Detailed examination of this deposit with new MGS data has
led to the proposal that it represents the remnant of a major
and areally extensive ice-sheet-like deposit that predates the
present Amazonian layered terrain [3]. Evidence has been
cited for the presence of esker-like features [3, 4], large-scale
internal melt-related structures know as cavi [3,5], sub-ice
sheet volcanic eruptions [6, 7], marginal drainage in the form
of extensive regional channels extending for hundreds of
kilometers down into the Argyre Basin [3] and local channels
draining from crater lake to crater lake [8], and deposits from
marginal lakes ranging in size from 50-100 km [8], up to 600
km [9]. Together these features are interpreted as meltback
and drainage of a portion of an older, more widespread volatile-rich deposit, the DAF. The features are broadly distributed, indicating that melting was areally widespread and
volumetrically significant.
In this contribution, we examine the nature of deposits and
structures at the margin of the Dorsa Argentea Formation in an
area where channel drainage has occurred. We find evidence
for remnant ridges and deposits that are consistent with moraine-like structures, and we examine the significance of these.
Observations and characterization: The eastern margin
of the DAF and the Prometheus Basin display abundant evidence for meltback, ponding, and drainage of the volatile-rich
DAF deposit. Subdued topography and heavily modified craters suggest that the surface was once more extensively mantled by the DAF. Channels leading from the margins of the
DAF deposit enter nearby craters, and are interpreted to represent drainage of water, ice, and sediment from the DAF.
Channels connecting these craters provide evidence for extensive crater flooding, ponding (minimum volumes ~1012 m3 ),
overtopping, downcutting, and further drainage of material
through a series of craters and into the Prometheus Basin near
the edge of the current cap. Materials derived from melting of
this lobe of the DAF drained over a lateral distance of approximately 600 km and a vertical height of approximately
800 m, partially emptying into the Prometheus Basin. These
combined observations imply that meltback of the older, volatile-rich deposit was a widespread event, occurring on both
sides of the deposit over a distance of at least 1800 km, and in
an area possibly as much as ~2.9 x 106 km2 [8]. Along the
margins of the DAF where the channels emerge, there is a
series of arcuate ridges that are convex outward from the major occurrence of the DAF (Figure 1). We have suggested that
these represent ice-sheet-marginal deposits and structures [8],
and here we examine them in more detail.
The major occurrence of parallel, arcuate, convex-outward
ridges is seen at the margin of the Dorsa Argentea Formation
(Figure 1). To the west of this occurrence (upper left), the

terrain is heavily subdued by the DAF, while to the east (lower
right) ancient crater rims emerge (e.g., lowermost left), as do
channels interpreted to have drained the DAF during the meltback phase (lowermost center). Two younger craters, 15 and
30 km in diameter, with prominent central peaks, are also observed. The prominent series of ridges occurs in the central
part of Figure 1, on a plateau extending from the lower left to
upper right. The plateau is most prominent in its central and
southern parts, rising typically about 500 meters from the adjacent plains (Figure 2). Profiles A and B show that the plateau here is relatively steep-sided, and about 20-35 km wide.
Reference to the gradient image (Figure 1) shows that the individual ridges are superposed on this broad plateau. As many
as nine individual ridges can be mapped parallel to the long
axis of the plateau at profile B and five along profile A. Towards the north, the plateau loses topographic prominence and
the individual ridges merge with the surrounding plains and
become more discontinuous. Nevertheless, they form prominent ridges, and in profile C, the structure and morphology of
these are well illustrated. Across this profile, four prominent
ridges occur over a lateral distance of about 20 km. The most
prominent ridge is toward the DAF, is about 2-3 km wide, and
rises about 200 meters above the adjacent plains. Three other
parallel ridges are seen, rising 75-100 meters from the plains.
These ridges are 10-25 km in length and are very likely much
longer as isolated extensions can be seen for distances of many
tens of km. The ridge planforms are broadly sinuous and appear convex outward (relative to the DAF) in the region of the
plateau, and to be convex-inward in the north, where they are
more discontinuous and subdued.
In summary, we have located and described a series of
parallel and arcuate ridges ~180 km in length, and 20-35 km in
width, lying parallel to the margin of the Dorsa Argentea Formation, a unit interpreted to be a circum-polar ice-sheet [3].
These features are broadly similar to ice-sheet-marginal features on Earth known as moraines, and we thus explore possible terrestrial analogs for the features on Mars.
Terrestrial analogs: A very wide range of ridge-like features are found at the margins of glaciers and ice-sheet deposits, ranging from push moraines, thrust moraines, dump moraines, ablational moraines, and terminal and marginal moraines; these types and morphologies, as well as a discussion
of the nomenclature can be found in [10, 11]. Among the
diverse types of moraines occur those that appear to be formed
by glacial bulldozing or glaciotectonic thrusting (push moraines). Although there is debate about the terminology [see
review in 11], we follow [12-15] and use the term ‘push moraine’ in the more informal fashion, that might include origins
related to glacioisostatic forces (gravity spreading) and glaciodynamic forces (glacial pushing). The definition of [11]
provides a useful framework: “‘push moraine’ is defined as
the product of construction by the deformation of ice, sediment and/or rock to produce a ridge, or ridges, transverse or
oblique to the direction of ice flow in front of, at, or beneath
an ice margin. This definition embraces such things as thrustblock moraines, thrust moraines, composite ridges and hillhole pairs where they occur at, or close to, an ice-margin and
can be clearly linked to it.”
On Earth, push moraines range from small ice marginal
ridges formed by seasonal readvances, to multi-crested push
moraines, with wide proximal-distal widths, formed by more
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sustained advances or deformation [10-16]. On the basis of the
scale of the features on Mars (Figures 1, 2) the most likely
analog are those that are characterized by wide, multi-crested
ridges in which significant deformation has been transmitted
horizontally beyond the glacier or ice-sheet margin, and the
style of deformation involves fans of imbricate thrusts, or superposed horizontal nappes produced by overthrusting [e.g.,
17] . Imbricate-thrust moraines are commonly composed of
an imbricate stack of inclined thrust slabs, with each thrust
rising from a basal décollement [e.g., 11]. Push moraines can
also consist of sub-horizontal imbricated nappes such as those
along the remarkable Rehburg Line, which extends over 500
km in length in northern Europe, and marks the extent of glacial ice during the Drenthe advance of the Saalian Glaciation
[18]. The architecture of this and other European examples
consists of sub-horizontal nappes which have been displaced
horizontally as much as 6 km, producing broad structures 1575 m high, with aspect ratios (thickness to width) between
1:20 and 1:100.
A key aspect of push moraines is the difference in size or
aspect ratio of the slab of foreland which is deformed to create
the push moraine, and the extent to which the structures travel
along the décollement surface beneath the deforming slab
[11]. Among the factors that control this are: 1) the rate and
magnitude of the applied glacial stress and the efficiency of its
coupling to the foreland, 2) the nature of the décollement horizon, and 3) the properties of the foreland above the décollement [11].
Discussion and conclusions: The range of characteristics
of these terrestrial push moraine features is thus broadly similar to the ice-sheet-marginal features observed in Figure 1.
They are similar in location of occurrence (marginal), morphology, linear distance and extent, approximate scale (although the martian ones are somewhat higher), and convexity.
A key aspect of the examples on Mars is the several hundred
meter high plateau-like structure that characterizes the area
below the ridges in their southern part. We have not yet found
an example of similar scale in the terrestrial literature. Factors
that might be important in the interpretation of the plateau are
the foreland properties (nature of the substrate; e.g., impactderived megaregolith on Mars and perhaps more coherent
substrate on many parts of the Earth), rates of deformation,
and hydrogeology (e.g., water channels draining the sub-icesheet area [8] suggest a water-saturated ice margin, and thus
perhaps enhanced folding or thrusting). On the basis of our
analysis thus far, we conclude that a working model of these
features on Mars as ice-marginal push moraines deserves further analysis. We are presently analyzing the range of geometries of the ice sheet and the substrate, and the detailed
morphologies of the features, to further test this hypothesis.
References: 1) K. Tanaka and D. Scott. USGS Misc. Inv. Map 1802C, 1987 ; 2) E. Kolb and K. Tanaka, LPSC 32, #2082, 2001; 3) J.
Head and S. Pratt, JGR, 106, 12275, 2001; 4) J. Head and B. Hallet,
LPSC 32, #1366, #1373, 2001; 5) J. Head and G. Ghatan, LPSC 32,
#1062, 2001; 6) G. Ghatan and J. Head, LPSC 32, #1039, 2001; Candidate subglacial volcanoes in the South Polar region of Mars: Morphology, morphometry and eruption conditions, submitted to JGR,
2001; 7) G. Ghatan and J. Head, Micro 34, 2001; 8) J. Head et al.,
LPSC 32, #1156, 2001; S. Milkovich et al., Meltback of Hesperianaged ice-rich deposits near the south pole of Mars: Evidence for drainage channels and lakes, submitted to JGR, 2001; 9) J. Head and S.
Pratt, LPSC 32, #1159, 2001; 10) D. Benn and D. Evans, Glaciers and
Glaciation, Arnold, London, 1998; 11) M. Bennett, Earth-Science
Reviews, 53, 197, 2001; 12) M. Kalin, Glaciology 4, McGill Univ.,
Montreal, 1971; 13) G. Boulton, Sedimentology, 33, 677, 1986; 14) B.
Etzelmuller et al., Ann. Glac., 22, 53, 1996; 15) G. Boulton et al.,

QSR, 18, 339, 1999; 16) J. Aber et al., Glaciotectonic Landforms and
Structures, Kluwer, Dordrecht, 1999; 17) D. Van der Wateren, in
Glacial Environment Vol. 1, Butterworth, London, 309, 1995; 18) D.
Van der Wateren, Med. Rijks Geol., 54, 1995

Figure 1. MOLA gradient topographic map of a region near the south
pole of Mars (centered at 75S, 325W). Illumination is from the west
(upper left). South is toward the lower left.

Figure 2. Altimetric profiles (A, B, C) across the area shown in Figure 1. Vertical exaggeration is 55 x.
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LAYERED-TERRAIN-LIKE POLAR OUTLIERS IN THE NORTHERN LOWLANDS: DISTAL DEPOSITS FROM A
PREVIOUSLY MORE WIDESPREAD AND CONTINUOUS POLAR CAP?: James W. Head, Stephen Pratt, and Kathryn
Fishbaugh, Department of Geological Sciences, Brown University, Providence, RI 02912 USA, James_Head@brown.edu
Summary: The characteristics of three major outliers of
material similar to the polar layered terrain suggests that the
former extent of the north polar layered deposits was much
greater in the recent past than at present.
Introduction: Previous studies of the north polar region
of Mars [1-5] have shown that the polar cap is continuous, but
that there are some outliers mapped as Apl (polar layered terrain) that are separated from the cap and lie at distances of
from 50 km to 350 km from the continuous margin of Apl. We
examine two such outliers mapped by [2] as Apl, and an additional feature of similar morphology previously mapped by [2]
as HNu, Am, and part of an ancient crater rim (c). Using new
MOLA data, evidence has recently been presented that subsequent to the emplacement of the present north polar cap, composed primarily of layered deposits [3,8], the cap underwent
asymmetric retreat from the area of the 180 longitude direction
and in the area of of Olympia Planitia, melted back and sublimed, resulting in sublimation lag deposits, polar material
remnants, and kettle-like features [5]. Evidence for retreat of
the polar cap from the 180°W direction includes the presence
of polar material remnants and kettle-like features in an arc of
irregular topography south of and concentric to Olympia Planitia [5]. Patches of bright material separate from the cap had
been previously indentified [1, 2] using Viking and Mariner 9
images and were interpreted to be remnants of the seasonal
CO 2 frost cap [3] or outlying mesas of ice, frost, or polar layered materials [1,2].
Olympia Planitia itself has been found to be not just a flat
plain collecting sand, but rather a feature contiguous with the
cap and having positive topography [4,5]. Thus, Olympia
Planitia was interpreted [5] to be a dune-covered extension of
the formerly larger cap (the Olympia Lobe). Together, the
Olympia Lobe and the polar remnants and kettle-like features
were interpreted to delineate a former extent of the north polar
cap. This larger cap was more symmetrical about the current
rotational pole than is the current cap configuration. In this
analysis we examine the nature of the two outliers mapped as
layered terrain and the third one of similar morphology lying
about 600 km from the edge of the continuous layered terrain.
Apl Outlier 1 (230W, 78.5N): This is a broad area about
200-300 km in dimension that consists of smooth deposits
mantling underlying craters and knobs. It is surrounded by
Adc, a unit composed of crescentic barchan-like dunes, the
sediment of which is thought to have been derived from degradation of polar layered terrain. Within the deposits, individual occurrences are seen as two gradational types: 1) Rela-

tively steep-sided hills generally oriented in a N-S direction.
These are seen as red-topped plateaus, 15-50 km in width, in
Figure 1 and they typically stand 100-200 meters above the
surrounding plains. 2) Broader, less topographically distinctive
plateaus whose slopes blend into the background. These occur
both by themselves and continuous with and gradational to the
steep-sided hills. Together these deposits have smooth and
rounded surface textures and bear a strong similarity to the
surface morphology of the layered terrain. The elevation of
these deposits overlaps with that of the Olympia Lobe, suggesting that they may be related.
Apl Outlier 2 (267W, 74N): This region forms a clawlike outcropping about 50 by 75 km, lying about 250 meters
above the surrounding plains, and is similar in morphology to
the relatively steep-sided hills in Outlier 1. It occurs adjacent
to a buried wrinkle ridge [6] underlying the Vastitas Borealis
Formation, and is the remnant furthest from the set of features
interpreted to be due to meltback in the 180 longitude direction. It occurs at an altitude of about -3800 m, which is just
above the proximal part of the Olympia Lobe but almost 2 km
below the summit of the cap.
Distal Outlier: (125W, 70N): Two structures, about 50
by 100 km in dimension are found about 1200 km from the
summit of the cap. They bear a strong resemblance to the
other features and are dominantly steep-sided plateau-like,
rising about 150 m above the surrounding plains, at an elevation of about -3850 m.
Discussion and Conclusions: On the basis of these observations, we find that the new data support earlier interpretations that these outliers are similar to the volatile-rich deposits
of the polar layered terrain. On the basis of their position, we
interpret them to have been the distal outliers of the margins of
a formerly greater extent of the north polar cap. The reason
for their preferential preservation is unknown.
References: 1] Dial, A., (1984) U.S.G.S. Misc. Invest. Ser.
Map I-1640; 2] Tanaka, K. and D. Scott (1987) U.S.G.S.
Misc. Invest. Ser. Map I-1802-C; 3] Thomas, P., S. Squyres,
K. Herkenhoff, A. Howard, and B. Murray, (1992) in Mars, H.
Kieffer et al., eds., Univ. of Ariz. Press, 767-795; 4] Zuber, M.
et al. (1998), Science 282, 2053-2060; 5] K. Fishbaugh and J.
Head (2000), JGR 105, 22455-22486; K. Fishbaugh and J.
Head (2001), LPSC 32, 1426; 6] J. W. Head et al., Northern
lowlands of Mars: Evidence for widespread volcanic flooding
and tectonic deformation in the Hesperian Period, in press,
JGR, 2001.

NORTH POLAR OUTLIERS: J. W. Head et. al.

Figure 1. Distal outliers in the northern lowlands; left Apl Outlier 1, upper right, Apl Outlier 2, lower right, Outlier 3.
MOLA gridded topography maps, both color coded and contoured, superposed on topographic gradient map.
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THE ARGYRE BASIN, MARS: GEOLOGY AND HYDROLOGY BASED ON NEW MOLA AND
MOC DATA
H. Hiesinger, J.W. Head III
Dept. of Geological Sciences, Brown University, Providence, RI, 02912; Harald_Hiesinger@brown.edu
Argyre, one of the largest impact basins on
Mars, is located in the southern highlands
southeast of Tharsis and formed in Early Noachian
time. Based on new MOLA and MOC data we
characterize the basin, its geologic features and
units and test several geologic/hydrologic models.
It has been proposed that meltback of a south polar
ice cap during the Noachian completely filled the
basin with water, that the outflow channel in the
north drained the basin, and that the water
eventually entered the northern lowlands [Parker,
1994; Parker et al., 2000]. If true, this would be the
longest drainage system on either Mars or the
Earth and would have immense implications for
the hydrologic cycle and the evolution of the
atmosphere on Mars.
On the basis of our investigation we conclude
that the Argyre basin went through a complex
geologic history with several geologic processes
contributing to its current appearance. Glacial and
fluvial/lacustrine processes in conjunction with
aeolian modification appear most important in the
evolution of the interior of Argyre basin. There is
evidence for areally significant amounts of water
having ponded in the Argyre basin in its past
history, but a complete fill to depths of ~4 km and
overflow remains questionable. On the basis of our
findings it is clear that Uzboi Valles can not drain
the entire basin to the north, because the basin
would still contain about 2 x 10 6 km3 of water once
the water level dropped below the elevation of
potential overflow. We performed estimates of the
available water that could be derived from a
meltback of a formerly larger south polar ice cap
and found that the amount of water appears to be
insufficient to completely fill the Argyre basin.
Ridges of unit Hr on the floor of the Argyre basin
were previously interpreted as volcanic in origin.
However, new MOLA and MOC data indicate that
these ridges are dissimilar to wrinkle ridges in
other occurrences of unit Hr. The new data suggest
that these ridges are eskers.

In summary, a significant input of sediments
and a partial fill of Argyre basin with water during
the Hesperian is suggested by several channels
emptying into the Argyre basin from the south and
north, signs of fluvial erosion on the southern
basin floor, the formation of small deltas at the
mouths of Surius Valles and the valley at the north
rim, the amount of available water, and the
smoothness of unit Hr. The formation of esker-like
features indicates that this body of water very
likely froze over. Finally MOC images reveal
evidence that aeolian activity, that is deflation of
floor material and accumulation of dunes,
modified the basin floor. On the basis of our
observations in the new MOLA and MOC data we
outline a scenario for the evolution of the Argyre
basin. In our model, water, produced by a
Hesperian meltback of the south polar ice sheet,
entered the Argyre basin and partly filled the floor
of the basin to form a temporary ice covered lake.
This is consistent with recent climate models that
indicate that at present conditions temperatures in
Argyre would be below freezing for most of the
time. A downward freezing front propagated faster
than the ice could sublime, resulting in an
increasing ice thickness with time. As influx of
water continued, in shallower regions of the lake
(i.e., close to the incoming channels), the ice was
grounded and incoming water formed subglacial
channels in which esker-like ridges were
deposited. After the influx ceased, continued
sublimation and migration of water into the
substrate reduced the amount of water/ice in the
basin. Throughout the entire geologic history,
eolian activity played an important role in the
Argyre basin, mantling or exhuming morphologic
features, influencing sublimation rates, and
contributing to the present day morphology.
Parker, T.J., Martian paleolakes and oceans, Ph.D.thesis
University of Southern California, 200p, 1994.
Parker, T.J., Clifford, S.M., Banerdt, W.B., Argyre Planitia and
the Mars global hydrologic cycle, LPSC XXXI, #2033, 2000.
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INVENTORY OF SMALL BODIES IN COMPARISON WITH IMPACT CRATERS. B. A. Ivanov,
Institute for Dynamics of Geospheres, Russian Academy of Sciences, Leninsky Prospect 38/6, Moscow, Russia
117939 baivanov@idg.chph.ras.ru.
Summary: The well investigated size-frequency
distributions (SFD) for lunar craters is used to estimate the SFD for projectiles which formed craters on
terrestrial planets and on asteroids . The result shows
the relative stability of these distributions during the
past 4 Gyr. The derived projectile size-frequency
distribution is found to be very close to the sizefrequency distribution of Main-Belt asteroids as
compared with the recent Spacewatch asteroid data
and astronomical observations (Palomar-Leiden survey, IRAS data) as well as data from close-up imagery by space missions. This suggests that asteroids
(or, more generally, collisionally evolved bodies) are
the main component of the impactor family.
From craters to projectiles: .Following recent
publications [1, 2] lunar production function (Fig. 1)
is used to find the size-frequency distribution of
small bodies (“projectiles”) formed lunar craters. The
technique of conversion of crater to projectile size is
described in [3]. The derived size frequency curve is
well tested by comparison of crater size distribution
on terrestrial planets and asteroids [1, 4]. Here we
present an extension of previously published results.
Small bodies:
NEA. Werner et al. [5] demonstrate that lunar derived “projectile” size distribution is in a good
agreement with astronomic observations of Near
Earth Asteroids (NEA) currently observed in the sky
(Fig.2). The coincidence of size distribution of contemporary asteroids and Gyr’s old cratering records is
in favor of an idea of a relative stability of “projectile” population throughout the last 3.5 to 4 Gyr. Both
astronomical modeling and the usage of the lunar
projectile curve predicts the number of NEA with
diameters > 1 km as 800±200.
An additional source of data is the measured frequency of large bolides [6]. For assumed average
velocity and probability of impacts [3] these data
may be converted into number of small bodies we
can see in the sky to maintain the bolide flux measured in [6]. The comparison with the lunar “projectile” curve is shown in Fig.3. One can see that the
lunar “projectile” curve is valid up to 1 m size small
bodies.
Trojans. The cumulative plot for 93 small Trojans
observed by Jewitt et al. [7] is shown in Fig. 4 together with the data for Trojans larger than 50 km. In
the accuracy limits of available data one can conclude that for diameters between 10 and 30 km SFD

for „small“ Trojans are similar to the Main Belt one.
Above diameters 30 to 50 km the population of Trojans is much less numerous than in the Main Belt.
This fact explain why the total mass of Trojans is
much less than the total Main Belt mass: most of the
total mass is concentrated in largest bodies. However,
the number of Trojans with D<10 km is comparable
with the number of the Main Belt asteroids.
Jupiter family comets: The list of best estimates
of comet nuclear magnitudes is published by Tankredy et al. [8]. This is the list of the best estimates for
the nuclea size for 105 Jupiter family comets. A cumulative plot for these data is shown in Fig. 4. The
lack of data for small comets (if they exists) prevent
any reasonable attempts to make a conclusion about
presence or absence of similarity between asteroids,
Trojan asteroids and comets. However if one use to
extrapolate the number of comets using the SFD for
crater-forming projectiles, the number of comets with
nuclear diameter of 100 m should be close to 10,000
comets. It is interesting to check what is a probability
to miss such a number of small comets – the estimate
done previously for long-periodic comets [9]. Do
small comets exist and numerous?
Conclusions: The SFD of the crater-forming
bodies within the limits of accuracy of available data
is similar to the SFD of asteroids in the Main Belt.
Within the same limits of accuracy the contribution
of comets to the crater formation is relatively insignificant or else the cometary SFD replicates the wavy
SFD for asteroids. We suspect that asteroids, ejected
from the Main Belt into NEAs, seem to present the
main source of crater-forming objects on the terrestrial planets. One can conclude that these projectiles
belong to a collisionally evolved family of objects

References: [1] Ivanov, B.A., Neukum, G., and Wagner, R.(2001) Size-Frequency Distributions of Planetary
Impact Craters and Asteroids, in H. Rickman, and M. Marov (eds.), Collisional Processes in the Solar System , ASSL
vol. 261, Kluwer Academic Publishers, Dordrecht.
[2] Neukum G., Ivanov B. and Hartmann W.K. (2001)
Cratering records in the inner Solar system in relations to
the lunar reference system. In: Chronology and Evolution
of Mars, Kluwer, in press.. [3] Ivanov B.A. (2001) Mars/
Moon cratering rate ratio estimates. In Chronology and
Evolution of Mars, Kluwer, in press. [4] B. A. Ivanov, G.
Neukum, W. K. Hartmann, and W. Bottke (2002) The
Comparison of Size-Frequency Distributions. In Asteroids
III (LPI, in press). [5] Werner, S.C., Harris, A.W., Neukum,
G., and Ivanov, B.A. (2001) 'The Near-Earth Asteroid Size
Frequency Distribution: A Snapshot of the Lunar Crater
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CRATER DEGRADATION STATE ON CALLISTO AND GALILEO REGIO, GANYMEDE: M. A. Ivanov1, A. T. Basilevsky1, I.
V. Kotova2, and V. P. Kruychkov1.
1- Vernadsky Institute of Geochemistry and Analytical Chemistry, RAS, Moscow, Russia, 2 - Moscow State
University, Moscow, Russia.
Introduction. The surface of Callisto appears to
be almost globally covered by geologically
homogenous unit of cratered plains [1] without firm
evidence for the endogenous activity occurred through
the geologic history of this satellite [2-4]. Impact
craters are the most important geologic features on the
surface of Callisto with large multi-ring impact basins
representing time-stratigraphic markers [5]. Two
principal geologic units, dark cratered terrain and
grooved terrain, make up the surface of Ganymede
[6]. Galileo Regio represents the Ganymede’s dark
cratered terrain which has limited tectonic activity and
no evidence for cryovolcanic activity [7,8].
The major processes of the surface modification
(resurfacing) on both Callisto and dark terrains of
Ganymede are sublimation, impact cratering, and
mass wasting [6-8]. Thus, the study of impact craters
size-frequency distribution and morphology of the
craters are the important contributors in the
understanding of the style and rate of resurfacing on
Callisto and in the dark areas of Ganymede. Here we
discuss the relative abundance and percentages for
craters of different morphologic classes on Callisto
and Ganymede and the analysis of size-frequency
distributions for all craters (without morphological
subdivision) is presented in the separate abstract [9].
Procedure. We studied images of Callisto taken
during the orbits C10 (Asgard transect, mean
resolution is about 87 m/px) Images of Galileo Regio
with the resolution about 77 m/px have been taken
during the G1 orbit [7]. From the orbit C10, we
analyzed three images pia01632, pia01631, and
pia01629 (nomenclature of the images is from
NASA’s www planetary journal). The first image
covers an area outside the outermost rim of the Asgard
basin and represents an area unaffected by the Asgard
impact. The latter two images display territory inside
the basin. We combined these two areas and
considered this as the territory influenced by the
Asgard event. The images from the orbits C10 and
G1, allow to identify craters as small as about 230-260
m (three pixels across). However, because we are
interested not only in the total numbers of craters but
in the determination of the morphologic classes of the
craters too, we report here on the crater statistics of the
craters >1 km (about 12 pixels across) for which
reliable morphological classification of craters is
possible. The total number of craters in our study is:
122 craters on Callisto for area outside Asgard; 335
craters on Callisto for area inside Asgard; 541 craters
(>1 km ) for Galileo Regio, Ganymede (Table 1).
Morphology of craters. Rims of the craters
constitute the most prominent feature of the crater

morphology. The apparent state of the rim degradation
is the key criterion in our classification of the craters
into three morphologic classes, A, B, and C [10].
Craters of the class A are the freshest and craters of
the class C are the most degraded. Callisto. Craters of
class A have prominent sharp and continuous (almost
without gaps, <25% of the rim circumference) rim
[10]. Rarely, remnants of hummocky ejecta are
visible. Rims of B craters appear either as elongated
arc-like segments or consist of numerous tightly
packed knobs and hills. Typical percentage of gaps is
25-50% [10]. The rims of C craters are subdued and
often appear as arc-like chains of knobs and elongated
massifs. Some C craters have barely visible and
incomplete rim which is marked in places by isolated
blocks. Typical percentage of gaps is >50% [10].
Ganymede. The rim crests of craters of all classes on
Ganymede appear to be less sharp than of craters on
Callisto. Craters of class A on Ganymede have
prominent and continuous rim without gaps or with a
few gaps; rarely, narrow gullies on crater walls are
visible. Rims of B craters are disintegrated to higher
degree and often have more breaches. Numerous
narrow and broad gullies complicate the walls of B
craters. Craters of class C appear as shallow, saucerlike, structures with poorly visible rim which is
strongly disintegrated and looked as chains of closely
spaced isolated knobs. Gullies on the walls of C
craters are less abundant and less prominent than in
the case of B craters.
Results and discussion. Number and percentages
of all craters of different morphological classes in
three localities (outside and inside Asgard on Callisto
and Galileo Regio on Ganymede) are shown in Table
1. The percentages illustrate the degree of maturity of
impact crater populations in the studied areas that is a
function of both the rate of crater degradation and the
population age. Callisto’s surface is geologically
homogeneous and lacks evidence for endogenous
activity [1-4]. Galileo Regio represents dark cratered
terrain where the most important agents of resurfacing
are sublimation, mass-wasting and impact cratering
[7,8]. The same processes operate on the surface of
Callisto. On Ganymede, however, tectonic
deformation contributed noticeably to the surface
morphology. Conceivably, tectonics enhance the
seismicity that, in turn, should enhance down-slope
movements of the surface material, i.e. mass wasting.
Percentages of craters of all sizes (from 1 km to
~40 km in diameter) of different morphological
classes either inside or outside Asgard on Callisto or
in Galileo Regio on Ganymede are close to each other
(Table 1). The relative abundance of craters at
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different sates of degradation, within the size interval
1-4 km, almost exactly the same as for the craters of
entire diameter range. This is mostly because craters
from this diameter interval make up the majority of
the whole population. Numbers of craters in the
interval 4-16 km is too small (Table 1) to reliable
estimate the proportion of craters of different
morphological classes (for instance, in Galileo Regio
there are no craters of class A larger than 4 km
across). Keeping in mind the uncertainties of crater
classification into classes and that the degradation of
craters is a continuous process and, the small
differences in the percent of craters of different classes
may have no significance. This strongly suggests that
that the maturity of the studied populations of craters
on Callisto and Ganymede is about the same.
The surface of Callisto and Ganymede had
apparently been cratered by similar populations of
impactors [9]. Since that, the efficiency of impact
cratering on these satellites could be approximately
similar. Because on the surface of either Callisto or
Ganymede in the studied areas there is little evidence
for impact crater regardening the interrelated
processes of sublimation and mass-wasting are the
most efficient in the crater degradation.
About the same rate of crater degradation on
Callisto and in the dark terrain on Ganymede implies
that the degradation agents on both satellites have
about the same combined efficiency. These agents are
exogenous in their nature (mass-wasting and
sublimation) and should depend mostly on the general

distribution of topography and properties of material
of the crust of either Callisto or Ganymede,
specifically, the content of volatiles. The general
topography in Galileo Regio appears to be more
prominent than that on Callisto because in Galileo
Regio furrows and ridges are present [7,8] besides the
impact craters. Such a topography as well as the
tectonic deformation in the neighbor regions of
Galileo Regio should enhance the mass-wasting
processes comparing to the surface of Callisto, which
appears to be generally flat and tectonically intact. For
the crater modification rate on Callisto to keep up with
the rate of crater modification on Ganymede the other
factor of crater degradation must be more efficient.
Thus we may suggest that the material of Callisto’s
crust is more enriched in volatiles and is more easily
affected by sublimation, than the crustal material in
the dark terrain (Galileo Regio) on Ganymede.
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Table 1. Number and percentage of craters of different morphological classes (from 1 to 40 km in diameter).
Class

Outside Asgard
Number
Percent

Inside Asgard
Number
Percent
All craters
38
109
188
335

Ganymede, Galileo R.
Number
Percent

A
B
C
Sum:

11
35
76
122

9.0
28.7
62.3
100

11.3
32.5
56.1
100

55
126
360
541

10.2
23.3
66.5
100

A
B
C
Sum:

9
21
52
82

Craters in interval 1-4 km
11.0
34
11.0
25.6
99
31.9
63.4
177
57.1
100
310
100

55
118
350
523

10.5
22.6
66.9
100

A
B
C
Sum:

2
14
23
39

Craters in interval 4-16 km
5.1
4
16.7
35.9
9
37.5
59.0
11
45.8
100
24
100

0
7
10
17

0.0
41.2
58.8
100
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DENSITY OF IMPACT CRATERS ON CALLISTO AND GALILEO REGIO, GANYMEDE: A COMPARISON: M. A. Ivanov1, A. T.
Basilevsky1, I. V. Kotova2, and V. P. Kruychkov1.
1- Vernadsky Institute of Geochemistry and Analytical Chemistry, RAS, Moscow, Russia, 2 - Moscow State
University, Moscow, Russia.
Introduction. The surface of Callisto appears to
be almost globally covered by geologically
homogenous unit of cratered plains [1] without firm
evidence for the endogenous activity occurred through
the geologic history of this satellite [2,3]. Impact
craters are the most important geologic features on the
surface of Callisto with large multi-ring impact basins
representing time-stratigraphic markers [4]. Two
principal geologic units, dark cratered terrain and
grooved terrain, make up the surface of Ganymede
[5]. Galileo Regio represents the Ganymede s dark
cratered terrain which has limited tectonic activity and
no evidence for cryovolcanic activity [6].
The major processes of the surface modification
(resurfacing) on both Callisto and dark terrains of
Ganymede are sublimation, impact cratering, and
mass wasting [6-8]. Thus, the study of impact craters
size-frequency distribution (SFD) and morphology of
the craters are the important contributors in the
understanding of the style and rate of resurfacing on
Callisto and in the dark areas of Ganymede. Here we
discuss the crater SFDs on Callisto and Ganymede
and the analysis of the crater morphology is presented
in the separate abstract [9].
Procedure and results. We studied images of
Callisto taken during the orbits C10 (Asgard transect,
mean resolution is about 87 m/px) and C21 sampling
terrain outside the large impact basins of Callisto
[10,11] and having the highest resolution, 15 m/px.
From the orbit C10, we analyzed three images
pia01632, pia01631, and pia01629 (nomenclature of
the images is from NASA s www planetary journal).
The first image covers an area outside the outermost
rim of the Asgard basin and represents an area
unaffected by the Asgard impact. The latter two
images display territory inside the basin. We
combined these two areas and considered this as the
territory influenced by the Asgard event. Images of
Galileo Regio with the resolution about 77 m/px have
been taken during the G1 orbit [6].
The images with the coarser resolution, such as
from the orbits C10 and G1, allow to identify craters
as small as about 230-260 m (three pixels across).
However, because we are interested not only in the
total numbers of craters but in the determination of the
morphologic classes of the craters too, we report here
on the crater statistics of the craters >1 km (about 12
pixels across). We also believe that the rather large
onset diameter of craters in our study somewhat
reduces the probability of contamination of the crater
statistics with the secondary craters. The lower limit
of crater diameters for the high-resolution images
(C21) is 150 m (10 pixels). The total number of
craters in our study is: 122 craters (>1 km) on Callisto

for area outside Asgard; 335 craters (>1 km) on
Callisto for area inside Asgard; 92 craters (>150 m)
for C21 area on Callisto; 542 craters (>1 km ) for
Galileo Regio, Ganymede.
The size-frequency distributions of craters within
the studied areas on Callisto and Ganymede are shown
in Fig.1 (the best fit power law curves are shown for
each SFD curve). The most obvious feature of the plot
is that all curves for both satellites have approximately
the same slope index, from -2.48 (larger craters
outside Asgard) through -2.4- (Galileo Regio) and 2.29 (Callisto, C21) to -1.89 (craters inside Asgard).
The difference between these values is about 30%.
Another striking detail in the diagram is that the SFD
curve for the craters outside Asgard consists of two
segments. The steeper one corresponds to craters > ~
3 km (slope index is -2.48) and the flat segment is for
smaller craters (slope index is -0.56). The difference
in the slope indexes between the segments is as large
as about factor of 4.5.
Among the studied areas, the highest density of
craters is for the area 01632 (inside Asgard), which is
about order of magnitude higher than on Ganymede
and about half of order of magnitude higher than for
the area inside Asgard. The SFD curve for smaller
craters (C21) lies below all curves for larger craters
indicating that the density of small craters is the
lowest and that the surface of Callisto is depleted in
respect of small (150<D<600 m) craters.
Discussion. The density of impact craters on
Callisto in the areas under study is significantly
different (Fig. 1). The most dense population of the
craters is outside Asgard whereas the density of
craters inside the basin is about half of order of
magnitude smaller suggesting an older age of the
crater population outside Asgard. The study of crater
morphology outside and inside Asgard [12] shows
that the majority of craters outside Asgard has been
formed before the Asgard impact and significant
portion of craters within the Asgard s ring system
postdate the basin. The SFD curve for small craters in
the C21 area, being extrapolated to the larger
diameters, lies well below the curves for craters both
inside and outside Asgard. This implies that the small
craters belong to population of impact structures with
significantly lower density. Thus, such a population
should have been formed later than the larger craters
within Asgard basin.
Despite the above populations of craters have
been formed at different times the slope indexes of
their SFDs are different by ~30% only. Such a
parallelism of the SFD curves on Callisto strongly
suggests that since the time at/before the Asgard
event, 4.19 Ga or 4.32 Ga [13] (according to different
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interpretations are correct they suggest that
resurfacing on Callisto occurred in different places at
different times and scales. Because no evidence for
endogenous activity on Callisto has been detected so
far [2,3,8] the bends in some SFD curves are mostly
consistent with local resurfacing due to large impacts.

cratering chronology models [14,15]), to the time of
the formation of small crater population (C21, 3.36
Ga, Model I, or 0.39 Ga, Model II [13]) the surface of
Callisto has been impacted by a population of
projectiles with about the same size-frequency
distribution of objects.
The slope index for the crater SFD curve for
Galileo Regio on Ganymede, -2.40, is almost the same
as for the curves on Callisto but the density of craters
on Ganymede is about order of magnitude smaller
than on Callisto outside Asgard. These characteristics
of the SFD curve for Galileo Regio means that both
Callisto and Ganymede have been impacted by
population of impactors with almost the same SFD of
objects despite the different position of both satellites
in the gravity field of Jupiter and clearly younger age
of Galileo Regio comparing to the surface of Callisto
[16].
Another striking feature of the crater SFD on
Callisto is the flattening of the curve for craters
outside Asgard, which is occurred at diameter ~3 km.
This flattening could not be explained by an
observational effect because (1) the onset crater
diameter in our study is 1 km and all such craters are
identifiable and (2) neither inside Asgard on Callisto
nor on Ganymede the SFD curves are bent. In the
paper [17] another resurfacing event was suggested
which occurred about 3.36 Ga (Model I) in the C21
target area. The flattening of the curve there starts at
~15 km diameter craters and is explained by a
resurfacing event. We also interpret the flattening of
the SFD curve for the craters outside Asgard as
evidence for the resurfacing event which was able to
erase craters smaller than ~3 km and occurred
at/before the time of Asgard impact. If both
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Fig. 1. Size-frequency distributions of craters on
Callisto (inside and outside the Asgard basin) and
Ganymede (Galileo Regio).
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ALBA PATERA, MARS: ASSESSMENT OF ITS EVOLUTION WITH THE MOLA AND MOC DATA: M. A. Ivanov1 and J. W. Head2 . 1Vernadsky Institute of Geochemistry and Analytical Chemistry, RAS, Moscow, Russia, 2 -Brown University, Providence
RI, USA.
Introduction. Alba Patera is one of the largest shield volcanoes on Mars [1] and is characterized by relatively low relief and large base diameter compared with Olympus Mons
and the Tharsis volcanoes [2]. Alba Patera has been studied in
many aspects [2 and reference therein]. Here we report on
preliminary results of our analysis of the new MOLA topographic map (1 by 2 km spatial resolution) and MOC images
for the region of Alba (20-60N, 90-130W). These data show
details of the previously known structures, reveal new ones,
and greatly facilitate analysis and interpretation of features on
the surface of Mars.
Description of the Alba Patera volcano. To describe the
features volcano of Alba Patera and geological relationships
among them we used both the Viking and MOC images and
the high-resolution topography produced from the MOLA
data. Topographically, the volcano of Alba Patera consists of
two major parts: 1) a distal, almost horizontal, apron of lava
flows and 2) the topographic anomaly of the volcano itself.
1) Apron of lava flows. The main portion of the apron coincides with the unit Hal (lower member of Alba Patera Formation) [3] and consists of numerous lava flows radiating
away from the volcano. The flows make up a radial pattern,
which is most prominent to the NW of the volcano. Some
flows are extremely long, about 900 km, and could be traced
back almost to the ring-like zone of graben encircling the
summit of Alba. Along its northern boundary, the distal apron
of Alba Patera is in contact with unit Aa1 ( member 1 of
Arcadia Formation, [3]). Commonly, along this contact the
lava flows are abruptly terminated and disappeared suggesting
that the flows mostly predate the Arcadia Formation [3].
To the NE and E of the volcano, the systems of graben of
Alba and Tantalus Fossae greatly reduce the topographic and
morphologic signatures of the lava flows. At the eastern slope
of Alba (at ~100 o W, 45o N), however, fragments of lava flows
oriented in the ENE direction and disrupted by Tantalus Fossae are still visible. Although many graben of Alba and Tantalus Fossae die out within the apron, some of the most prominent tectonic structures cut across the boundary of the units
Hal and Aa1 and deform the surface of the later unit. To the SE
and S of Alba Patera lava flows which apparently relate to
clusters of small (several km across) volcano-like features are
presented. These flows make up the majority of unit AHcf, the
Ceraunius Fossae Formation [3], which is superposed on the
unit Hal and has been mapped as Hesperian /Amazonian in
age. To the south of Alba Patera, flows of the unit AHcf are
superposed on the system of graben of Ceraunius Fossae.
2) The main dome of Alba Patera. This portion of Alba
is defined by a distinct break in regional slope and makes up
the main body of the volcano, which is ~1350 by 1130 km
across with the long axis oriented in an E-W direction. The
MOLA data show that the main topographic anomaly of the
volcano could be further subdivided into several smaller parts.
A) Flanking zones of Alba. The elongation of Alba
Patera is because two flanking zones (shoulder-like features)

are attached from W and E to the central main dome of Alba,
which has dimensions ~900 by 800 km. Both shoulder-like
features are characterized by a fan-shaped distribution of lava
flows. Although Hodges and Moore [2] pointed out that the
west flank of Alba Patera resembles the SW rift zone of
Mauna Loa, the general shape of the western flanking zone of
Alba Patera was unknown before the MOLA topography. The
western shoulder is larger and extends from the ring system of
the summit graben to the west for about 525 km. The shoulder
has a fan-like shape opened toward the W and is about 730 km
in a N-S direction. The eastern shoulder is significantly
smaller and has dimensions about 250 km and about 200 km
in W-E and N-S directions, respectively. In the MOLA topographic map the western and eastern shoulders of Alba Patera
are analogous in both the general shape and the distribution of
lava flows to the structures at the flanks of the Tharsis Montes,
especially Arsia Mons.
B) Summit area of Alba. The summit area of Alba consists of two main parts, the system of concentric and radial
graben and the central dome topped with a complex of nested
calderas. The system of ring graben, Alba Fossae to the west
and Tantalus Fossae to the east, mostly coincide with the crest
and outer slopes of the topographic rim crowning the summit
area of Alba Patera. The rim has dimensions about 450 km (EW direction) by 550 km (N-S direction) and corresponds to the
boundary between the middle (unit Aam) and upper (unit Aau)
members of Alba Patera Formation [3]. Many individual structures of the graben systems cut lava flows on the outer slopes
of Alba. The central dome of the volcano corresponds to the
unit Aau and is about 430 by 350 km across. This feature is
visible only in the MOLA topography. The gentle slopes of
the dome are covered with numerous sinuous lava flows radiating away from the top of the dome. The flows which are
closer to the summit of the dome are apparently superposed on
the graben of Alba and Tantalus Fossae while near the base of
the dome the graben cut the flows. Such relationships suggest
that the emplacement of the flows and formation of the graben
systems were approximately synchronous.
The central dome of Alba Patera is topped with the complex of calderas. The complex consists of two distinct calderas
visible in the Viking images [4-7]. The detailed MOLA topography reveals, however, that these calderas are nested inside a
larger depression (~140 by 120 km) that has no discernible
signature in the Viking imagery. The western and southern
edges of the depression coincide with the scarps outlining the
two obvious calderas and a topographic ridge represents its
NE rim. The two visible calderas occupy the western and
southern portions of the larger depression and have dimensions 95 by 65 km and 65 by 55 km, respectively. Between
these two calderas there is a dome about 55 by 45 km across
which is visible in the MOLA topographic map only. The
dome is topped with a small (about 10 km across) circular
depression. The surface of the dome, especially near the summit depression, is relatively smooth and featureless but further

down the slopes of the dome lava flows become visible. The
base of the dome appears to be cut by the calderas.
The high-resolution MOC image, M08-02859 (69 km long
and 3 km wide, resolution 4.61 m/px), crosses the southern
caldera and covers the SSE flanks of the dome. Analysis of
this image provides the possibility to characterize these structures in detail. The scarp of the southern wall of the caldera is
characterized by fine-scale lineation oriented along the strike
of the scarp. On the caldera floor numerous broad and narrow
lava flows appear to be mantled by material with hummocky
texture. Many impact craters, relatively fresh and degraded,
are visible on the caldera floor. The northern wall of the caldera is lower than the southern one and there is little evidence
for the layering there. Beyond the northern wall of the caldera
the SSE slope of the summit dome begins. The surface there is
characterized by homogeneous hummocky texture consisting
of numerous small (tens of meters) knobs and hillocks and
elongated ridges oriented toward the summit of the dome.
Lava flows are generally absent in the area near the summit
and those which are still visible appear to be mantled. There is
distinct paucity of impact craters on the slopes of the dome
and a few recognizable craters appear as heavily eroded and
filled structures.
Apparent sequence of events and possible evolution of
volcanic styles. Cross-cutting and embayment relationships
among lava flows and tectonic structures (as seen in both the
high-resolution topography of MOLA and MOC images)
within the area of Alba Patera establish the following sequence of events during the evolution of the volcano. The
distal lava flow apron appears to be the oldest feature of Alba.
More concentrated eruptions (probably at smaller eruption
rates) in the central area of the volcano led to the growth of the
main dome of Alba Patera. Lava flows on the main dome run
from its flanks and are superposed on the surface of the distal
apron. The radial and concentric graben of Alba and Tantalus
Fossae cut the surface of both the lava apron and the main
dome of Alba and thus are younger. The unit Aa1 covers up
the majority of the graben, yet a few graben disrupt the surface
of the unit. This suggests that the formation of the Alba and
Tantalus Fossae graben systems could occur as multiple episodes at different times. Lava flows on the surface of the western shoulder of Alba cover many graben of Alba Fossae and
thus should be younger than these tectonic structures. In contrast, the eastern shoulder of Alba is severely deformed by
graben of Tantalus Fossae. Such relationships suggest that
either volcanic activity at the western shoulder (rift-zone)
lasted longer than that at the eastern shoulder or that the formation of Alba and Tantalus Fossae was non-synchronous and
Tantalus Fossae are younger than their counterparts or both.
The central dome of Alba appears to be partly synchronous
with the ring graben system and probably it continued to

evolve longer than the development of the graben because
many lava flows from the dome embay graben of either Alba
or Tantalus Fossae. The latest episodes of evolution of Alba
Patera are concentrated at the summit of the central dome
where the complex of calderas and small summit dome topped
with a shallow depression were formed.
Effusive volcanism in the form of numerous lava flows
was predominant during almost the entire evolution of Alba
Patera (from the stages of formation of the distal apron to the
dome at the summit of the volcano). The presence of dendritic
system of valleys [8] suggests, however, that the valleys have
been cut into material which is more erodable than lava [7].
Mouginis-Mark et al. [7] interpreted the valley networks on
the slopes of Alba as the evidence for plinian pyroclastic activity through the vent within the caldera complex, specifically,
through the depression on top of the small summit dome.
These authors suggested that Alba Patera started to form by
explosive eruptions in the central, summit, area of the volcano
and continued by effusive eruptions. The mantled appearance
of features both around the depression on top of the small
summit dome and its slopes strongly supports the possibility
of explosive eruptions at the summit of Alba as in the case of
Hecates Tholus [9]. The lack of fresh impact craters on the
flanks of the dome imply, however, that the an episode of
resurfacing probably related to the plinian activity occurred
relatively recently in the evolution of Alba Patera. Such an
eruption(s) was enormous by the Earth’s standards. For instance the Krakatoa explosion left a caldera about 8.5 km
across [10] and the diameter of the possible explosive vent on
Alba is ~10 km. If this large explosive event occurred in the
final stages of evolution of Alba it does not support the general evolution of martian volcanism from more explosive (old
highland paterae) to more effusive (Tharsis Montes and
Olympus Mons) [7].
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Kashkarov, G.V. Kalinina, Z.A. Lavrentjeva, A.Yu. Lyul. Vernadsky Institute of Geochemistry
and Analytical Chemistry, Russian Academy of Sciences, 117975, Moscow, Russia
Introduction.
Recent
track
and
thermoluminescence (TL) studies on the
radiation-thermal history of the meteoritic
and lunar material have focused on the
significant effect of the local shock-thermal
events, e.g., [1,2]. As a result of this
influence it was observed presence in
different meteorites and lunar samples of
silicate grains with the modified nucleartrack and TL parameters: shortened lengths
of tracks, double-group track-density
distribution of the investigated grains,
essential change of TL-intensity in different
temperature intervals, etc. A primary
conclusions of our previous work is that the
irradiation-shock-thermal history of the
meteorite and lunar matter is very complex
and multi-stage process, and this history for
each individual silicate grain is practically
different. In this context it is very important
to investigate the irradiation and shockthermal history of the cosmic material only
by common track-TL method.
Now we report here on new results of the
track and TL
investigation in silicate
minerals from two enstatite achondrites:
Pesyanoe and Norton County. Both these
meteorites are similar in their chemical and
petrological features, but they demonstrate
quite different radiation-thermal histories
[3,4]. The main goal of our investigation was
to obtain shock-thermal characteristics for
these meteorites material.
Experimental. The wide track studies of the
Pesyanoe and Norton County achondrites
was done by us earlier [3]. Now it was
interesting to measure the chief track
parameters in some enstatite grains, which
then individually are received the detail TL
X-rays, in separate enstatite grains isolated
of Pesyanoe (30 grains) and Norton

County (21 grains) achondrites was
executed. Registering of TL glow-curve was
done on the apparatus whose description is
given in [5]. The statistical errors of
measuring of peak temperature (Tp), of the
TL peak width (full width at half maximum,
FWHM) and of the intensity TL (area under
peak in a given interval of temperature, Sp)
did not exceed 3%.
Results and discussion. Pesyanoe. Track
density values, obtained for 30 enstatite
grains, covered interval from 5x105 cm-2 to
~108 cm-2.The TL glow curves of all grains
have shown presence of two sharp peaks
with temperature of maximum at ~150oC
and ~270oC. The values of the relation of
the peak area measured in a temperature
interval 50-210oC (SP1/SP2) allows to show,
as a minimum, 4 groups of grains. As it seen
from Table.1, the groups differ each other by
parameter SP! / SP2 total interval of which is
0.7 – 4.6.Comparison of track-density and
TL characteristics, measured in the same
about 30 enstatite grains do not give some
quantitative correlation, that can be due to
relatively small degree of the shock
influence in the crystals under investigation.
Norton County. The glow curves allow us to
select in the Norton County meteorite two
main groups of enstatite grains. The first
group includes 5 grains, whose glow curves
are similar to Pesyanoe enstatite grains: there
are seen the two sharp peaks with Tmax≈155
and ~265 oC. The values SP1 / SP2 allow to
attribute them to the third and fourth groups
of the Pesyanoe. The second group of the
Norton County enstatite grains contains of
16 samples, glow curves of which are similar
among themselves but differ from a glow
curve type of Pesyanoe grains. The glow
curves of this group of grains are
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characterized by presence of three and more
poorly interresolved peaks. For these grains the account
of the area under glow curves for three
temperature intervals was made: SP1 – 50140 oC, SP2 – 140-240 oC and SP3 –240-310
O
C. For example, the values of (SP!+SP2)/SP3
– relation range from 2 up to 11. But very
small statistical material does not allow us to
select separate grain in any subgroups in this
case.
Conclusions: Obtained nuclear-track and TL
data allow to make the following
conclusions:
1. The initial Pesyanoe and Norton County
meteorites constrain material was contained
the compounds of the essentially different
shock-thermal pre-history.
2.There are a high probability that the
individual
enstatite-grains
of
these
meteorites fossil track and TL –
characteristics refer to their different history
of a radiation, thermal and shock-thermal
influence chiefly occurred up to an accretion
of a parent body (is) of these achondrites.
3.The
possible
“pure
thermal”
metamorphism inside a parent body, would
result about the same manner in all enstatite
grains. But so high (up to one order of
magnitude) difference of TL-parameters,
measured for the individual grains, indicate
on very small influence of this process in
comparison with the more effective and
heterogeneous shock-thermal

process of exegetic reworking of these
meteorites material.
4.The group IV of the Pesyanoe enstatite
grains and the main portion of enstatite
grains from the Norton County probably
undergo a shock-pressure treatment with
shock stage S1 and ≥S2 correspondly. This
conclusion is confirmed by our early TL
study of experimentally shock loaded
oligoclase, quartz and calcite [5-7].
5.Enrichment of the finest fraction and
glassed surface of silicate grains of the
Norton County achondrite by TR elements
and some other (Cr, Zn, Th, Ni, As)
elements correlate with a major role of the
shock – thermal reworking of material
consisting investigated achondrites in their
metamorphic history.
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LPI V. 1, pp. 669-670. [2]. Kashkarov L.L,
et al. (1991) Lunar Planet. Sci. XXII,
Houston: LPI V.2, pp. 693-694. [3]
Kashkarov L.L. et al. (1993) Meteoritica (in
Russian), V.50, pp. 95-104; [4]. Kashkarov
L.L. et al. (2000) Geochemistry
International, V.38, Suppl.3, pp. S310-S321;
[5]. Ivliev A.I. (1995) Geochimiya (in
Russian) No.9, pp.1368-1377. [6]. Ivliev
A.I. et al. (1996) Geochimiya (in Russian)
No.10, pp. 1010-1018. [7]. Ivliev A.I. et al.
(2000) Geochimiya (in Russian) (in press).

Table 1. Characteristics of X-ray induced TL in the Pesyanoe enstatite individual grains.

Grain

Number

Group of grains

TL parameters

I

5

TP1
o
C
154 ± 2

FWMHP1
o
C
60 ± 3

TP2
o
C
267 ± 4

FWMHP2
oC
52 ± 8

S1 /S2
3.0 - 4.6

II

6

153 ± 5

59 ± 5

266 ± 5

56 ± 8

1.9 - 2.1

III

12

155 ± 5

59 ± 3

269 ± 4

56 ± 6

1.4 - 1.7

IV

5

151 ± 2

83 ± 2

265 ± 3

98 ± 2

0.7 - 1.0
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RELATIVE AND ABSOLUTE CELESTIAL MOVEMENTS IN THE EARTH - MOON (DOUBLE)- SYSTEM WHICH CAUSE THE EXTERNAL ENDOGENIC DYNAMICS OF
THE EARTH Heinz - Peter Jöns, Geographisches Institut der Universität, Am Hubland, 97074
Würzburg, Germany. E-mail: joens.planet@mail.uni-wuerzburg.de
1) The Earth rotates around its geometric
centre (M) from WEST (W) to EAST (E),
once every 24 hours (arrow 1 on Fig. 1)),(all
numbers rounded) which causes the following
forces:
a) Centrifugal forces (polar flattening and
bulge at the Earth' equator, not considered
in this paper);
b) In all flowing media inside and outside
the Earth the Coriolis forces take effect.
2) The Moon (L) encircles the Earth (i.e. the
common centre of mass(!) of the Earth Moon - System, Z) once every 27 days from
WEST to EAST with an absolute
movement along circle K1 (arrow 2). As the
Earth, however, rotates much faster then the
Moon moves equidirectionally, a relative
westward movement of the Moon occurs with
respect to fixed point on the Earth's surface
(e.g. observer) along K1 (arrow 3). The
common centre of mass (Z) carries out a
corresponding relative movement along K2
from EAST to WEST (arrow 4).
These movements cause the following forces:
c) The westward acting tidal forces which
deform the Earth's hydrosphere(ebb and
flood) and lithosphere (arrow 5).
d) The east-facing rolling-off of the Earth's
uppe mantle relative to the lithosphere
(arrow 5a). This is the decisive movement
which causes the permanent eastward
propagating of the Pacific which encircles
the Earth once in appr. every 250 Mill.
Years ( the TRURNIT - Cycle)!
According to this interpretation the lower
mantle should roll- off westward along circle
K5 (i.e. along the boundary between lower
and upper mantle, broken line). That
movement possibly influences indirectly the
dynamics and shaping of the Western Pacific.
The EAST-facing absolute movement of the
Moon causes the"tumbling" of the Earth –

Moon - System ( i.e. its off - centre rotation)
around its common centre of mass (Z).
Which causes:
e) an EAST-facing rolling -off of the Earth's
surface along circle K3. The
equidirectional rolling-off of the Earth's
lithosphere with respect to the upper
mantle happens probably along circle K4
(arrow 6)- again according to the principle
of a hypocycloid gearing. The resulting
WEST- facing movement of the Earth'
upper mantle (arrow 6a) has to be
subtracted from the EAST-facing
movement which has been described
under d)!
It should be pointed out that the Earth's core
as well carries out an off-centre movement
along circle K8 which possibly influences the
Earth's dipole magnetic field. On the opposite
hemisphere EAST-facing movements are
caused by forces which act correspondingly
to those described under d) and e.)These
forces are intensified by the centrifugal forces
which caused by the "tumbling" of the Earth Moon - System around its centre of mass (Z).
Which cause:
f) an EAST-facing rolling-off of the upper
mantle along the circles K6 and K7
(arrows 7 and 7a),together with underflow
currents which cause the Anti – Pacific
(i.e. the Mediterraneis).
Hence,
eastward-facing forces and
westward-facing forces together shape the
Pacific Realm and the Mediterraneis:
EASTWARD acts the rolling-off of the
Earth's upper mantle; whereas the surface and
near-surface tides together with the presumed
compensating underflow currents of the
upper mantle act WESTWARD. All these
forces act mainly along the parting plane
between the Earth's uppermost mantle and

H.-P.Joens, Relative and absolute celestial movements in the Earth-Moon-System…
the Earth's lithosphere.There might be an
additional WEST-facing force -or al least an
indirect influence on the dynamics and
shaping of the western Pacific- which could
be caused by the west-facing rolling-off of

the Earth's lower mantle. It remains unclear
as to whether the Coriolis - forces matter in
this context. This presentation is simplified:
the influence of the sun and of the other
planets has not been considered!

Abbreviations on Fig. 1:
Pi = Inner Pacific (spans appr. 90° Long.)
Pn = "Normal" Pacific (spans appr. 160° Long.)
Pg = Pacific Realm (from Sunda Islands s.l. -easternmost Caribbean; spans appr. 200° Long.).
M = Mediterraneis (spans appr. 65°Long.)
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SPECTRAL BEHAVIOR OF THE LUNAR OPPOSITION SPIKE AS SEEN FROM CLEMENTINE.
V. Kaydash, Yu. Shkuratov, M. Kreslavsky, V. Omelchenko. Kharkov Astronomical Observatory, 35 Sumskaya,
Kharkov, 61022, Ukraine.
The second, "differential" method [2, 3] uses pairs
Introduction: The opposition spike of the Moon
of images taken consequently in one orbit; hence, this
manifests itself as a sharp increase of brightness with
method is free from the camera parame
the decrease of the phase angle in the range from ~5°
to 0. This spike is of the most exciting photometric
ters drift errors. Further, the difference in illumination
effect of the Moon. It occurs due to the shadow-hiding
conditions is minimal, and topography does not influand coherent backscatter enhancement. Its characterisence the results. Both images contain the zero phase
tics depend on the properties of the regolith particles,
point, which is shifted on the surface from one image
their average size, and optical heterogeneity, and agto another due to motion of the spacecraft. The ratio of
gregate structure. Thus, the spike parameters (amplisuch images is devoid of the intrinsic albedo variations
tude and width) bear important information about the
and shows a specific pattern resulting from a ratio of
lunar regolith structure. To investigate this, it is necestwo mutually shifted opposition spots. Knowing the
sary to measure the lunar surface brightness at small
phase angle in each point of both images, one can rephase angles that are not achieved from the Earth beconstruct the phase function in 0 – 1.5° phase angle
cause of lunar eclipses. Only observations from a
range. This method is largely free of the camera calispacecraft orbiting the Moon allow one to study the
bration drift errors. Unfortunately, the whole UVVIS
brightness of the Moon at the zero phase angle. A few
image set does not contain any pair of images suitable
images of the lunar surface containing the zero-phasefor the analysis of this kind and taken with the same
angle point were taken during Clementine mission to
filter. In [2, 3] the images taken in two different but
the Moon by the UVVIS camera in the following filspectrally close filters, C (900 nm) and D (950 nm),
ters: 415 nm (filter A), 750 nm (B), 900 nm (C),
were used. In this case, the ratio image, in addition to
950 nm (D), and 1000 nm (E).
the phase-function-controlled pattern, contains true
Studies of the wavelength dependence of the oppocolor variations. Due to the closeness of the wavesition spike parameters gave rather contradictory relengths, the color variations are small. The most
sults. Buratti et al. [1] showed that there is no differprominent color variations were actually related to
ence in the opposition spike for all spectral bands of
immature ejecta of small fresh craters. This small
the Clementine UVVIS camera. On the other hand, in
patches of the images were simply excluded form the
[2] such a difference was found. Here we present a
analysis. The "differential" method gave good results
new method to study the lunar opposition spike using
[2, 3], however it cannot be used to study the spectral
UVVIS camera images. This method confirms existing
dependence of the opposition effect, because in the
of the spectral dependence of the opposition spike.
visible range the filters (A and B) are not spectrally
Data processing: Earlier we applied two methods
close, and color variations are not small.
to extract the information about the lunar phase funcOur new idea is to combine advantages of both
tion from Clementine images [2,3]. One of them is a
methods. We suggest to use the "differential" method
"direct" method. It uses two images of the same site,
to extract the phase function, therefore to avoid the
one image contains the zero-phase-angle point that is
camera parameters drift problems and reduce the influthe phase changes across the image from 0 to~1.5°,
ence of surface topography. In addition, we suggest to
and the other one is taken at a larger phase angle. The
use large-phase images to suppress real color variaratio of these images is devoid from intrinsic albedo
tions. This allows us to study the wavelength dependvariations, and can be used to extract the phase funcence of the opposition spike. We use filters C (900 nm)
tion in 0 – 1.5° phase angle range. In the whole
and D (950 nm) to characterize the opposition spike in
Clementine data set there are only a few pairs of imthe near infrared. The wavelength difference between
ages, where this method is applicable. This method has
these filters is small, and we do not expect any differtwo main shortcomings: (1) the images from each pair
ence in the opposition spike parameters between these
are obtained in one-month interval, and the unknown
filters (we took characteristic wavelength as
drift of camera parameters decreases the reliability of
(900+950)/2=925 nm). We use filters A (415 nm),
phase curve determination; (2) the surface topography
B (750 nm) to characterize the opposition spike in the
spoils the results.
visible range. The wavelength difference is not small
in this case, and the difference of the opposition spike
parameters between these spectral bands is possible.
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As a first approach, we ignore this difference and consider the results obtained by the "differential" method
in these two filters as an approximate behavior of the
opposition spike in the visible range ((415+750)/2~583
nm wavelength).
Similarly to the "direct" method case, there are
only a few sites where application of our new idea is
possible. Here we report on our results for two adjacent sites centered at 0.5°N 1.3°E (site #1) and 1.3°N
1.3°E (site #2). The scene of site #1 includes an eastern
part of Sinus Medii (a mare region with dark surface).
Site #2 comprises a southeast part of Sinus Medii with
a neighboring highland. The table below lists the orbit
numbers and image numbers for the set of UVVIS
frames used for this study.
Zero-phase-point
Large-phase
images
images
Filter
Orbit 168
Orbit 300
Site #1 Site #2
Site #1
Site #2
A
1982
1951
0598
0532
B
1977
1946
0593
0527
C
1974
1943
0590
0524
D
1970
1939
0586
0520
We performed a standard calibration procedure for
each frame (excluding the photometric correction) and
coregistered the images for each site (see [3] for the
details). Then for each site we calculated the ratio images B/A and C/D both for pairs containing zero-phase
points (orbit 168) and for larger phase (≈ 27°) images
(orbit 300). The latter ratio images contain intrinsic
color variations over the scenes, while the former ratio
images contain both color variations and the specific
pattern due to the opposition effect. To isolate the opposition effect we calculated the ratio (B/A with zerophase point) / (B/A at larger phase) and analogously
(C/D with zero-phase point) / (C/D at larger phase). In
this way the intrinsic color variations were suppressed.
Then we used these ratio images to derive the phase
functions as it was done in [3].
Results and discussion: The derived phase functions normalized at 1° are shown in Fig. 1. The solid
and open symbols correspond to sites #1 and #2, respectively. Circles denote the phase function in the
near infrared; triangles correspond to the visible range.
The phase functions in the near infrared are steeper
than in the visible spectral range. The increase of the
phase function slope with the increase of wavelength is
in qualitative agreement with the coherent backscatter
mechanism [2]. Actually, this mechanism predicts an
increase of the amplitude of the opposition spike with
growth of the surface albedo. The mean albedo at site
#2 is higher than at site #1, and the phase functions
corresponding to site #2 are steeper in both spectral

ranges. Albedo of the Moon increases towards higher
wavelengths, and we observe that the phase curves in
the near infrared are systematically steeper, than in the
visible range. Thus, in the range 0-2° the color-index
(925/583 nm) grows with the decrease of the phase
angle. On the other hand, as was shown in our previous
studies [2], similar color-indices of the Moon slightly
increase with the phase angle increase in the range of
phase angles 3°-50°. Hence, at a phase angle within the
range of 2-3°, a minimum of the phase dependence of
the color-index occurs. This conclusion is in agreement with laboratory measurements of lunar samples
and optical analogs of Martian and lunar soils [2].

Figure 1.
Future work: We intend to apply a similar technique to Clementine NIR data. These data are not well
calibrated yet and the quantitative spectrophotometric
study of NIR data is rather difficult [4]. Our method is
rather insensitive to the calibration errors, and its application is promising.
The described method can be applied also to future
AMIE/Smart-1 data. The AMIE camera onboard
Smart-1 lunar orbiter will be able to take images of the
lunar surface in three NIR filters with high resolution
and photometric precision. This will give an opportunity to combine these data with the photometric data
obtained by Clementine.
This work was partially supported by INTAS grant
# 2000-0792.
References. [1] Buratti B. et al. (1996) Icarus. 124,
490-499. [2] Shkuratov Yu. et al. (1999) Icarus 141,
132-155. [3] Kreslavsky M. A. et al. (2000) JGR Planets 105, 20281 - 20295. [4] Lucey, P.G., et al. LPS
XXVIII (1997), 843-844.

Microsymposium 34, MS037, 2001

LUNAR SEISMICITY BY NAKAMURA CATALOGUE (NC): INFORMATION
CONTENT FOR GEOPHYSICS, COSMOGONY AND ASTROPHYSICS.
O.B.Khavroshkin, V.V.Tsyplakov, Schmidt Institute of Earth Physics, Moscow, Russia, email: khavole@uipe-ras.scgis.ru
Nakamura Catalogue (NC):
next level of deep understanding.
Modern
notion
about
temporal
peculiarities of lunar seismicity, interior
of the Moon, structure of the lunar crust
and regolith and also first independent
from ground based methods, spacetemporal coordinates of meteoroid
streams had been obtained on the
evidence of NC. However further
analysis of NC depends on a paradigm
change of geophysical insights about
lunar seismic regime peculiarities and
physical fields and objects which act
jointly on the Moon and demonstrates
that
exhaustive
appreciation
of
informative content of NC only will be
possible in the future.
At present time, three following
large directions of scientific search of NC
are formed successfully: geophysical,
cosmogonical and astrophysical.
Geophysical
branch:
new
methods. Further advance of this
direction is due to more deeply
understanding of physical nature of lunar
seismicity and non-linear seismology
development. Implicitly proposed theses
take into account revealed before
information content of durations of
moonquake
seismograms,
expected
connections between optical events and
tidal deformations of the Moon and next
peculiarities of lunar seismicity: ratio
between seismicity energy and heat
stream is 10-9; because ratio of energy of
the Earth seismic noise to heat stream is
10-4, energy of lunar seismic noise is
more than energy of seismicity by a
factor of 105. Therefore, seismic medium

is approximated as active medium, which
have possibility to radiate seismic wave
response on the exterior acts. It signifies
also that lunar seismicity will manifest
essentially by modulation effect, which
consist in the following. Variations of
any statistical parameters of regional high
frequency microseism or noise that
correlate with temporal variations of
processes deforming the examined region
and a geophysical medium should be
understood as a modulation effect
discovered in 1975. Structural elements
of such medium of local zones
mechanical stress concentration type,
boards of loaded fissures in a near critical
condition are active macroscopic
systems, and a spectrum of a wave
(noise) field, being formed by a radiation
of an ensemble of elements is one of the
parameters of the medium condition.
A method of a narrow band
filtration and singling out an enveloping
curve for recording some stochastic noise
characteristics is grounded and applied;
variations of natural regional high
frequency noise in time and at long
intervals of observations are investigated.
A relation of these variations (a
modulation effect) of regional noise level
with processes deforming the Earth’s
lithosphere: the lunar-solar tides, the
Earth’s proper oscillations, microseismic
storms and wave packets from
earthquakes and explosions.
Instrumental possibilities of the
lunar seismic network "Apollo" had
deficient sensitivity and did not allow
non-stop record of constantly existing
seismic noise level. Increasing level of
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seismic noise was registered which arose
by the action on lunar lithosphere only.
Thus, the moonquakes are the moments
of noise modulation by maximum
deformations. In this case, duration of
seismic signals (lunar seismograms) and
their temporal structure (for example,
hidden periodicity of the moonquakes)
bring information about signal nature.
On the base of those notation two
new independent parameters of NC have
been revealed: the first is seismogram
durations, the second is temporal series
which were constructed from sequences
of seismograms durations and temporal
intervals between them. Analysis of NC
on the base of those parameters has
discovered new information.
New geophysical, cosmogonical
and astrophysical information of
Nakamura Catalogue. Comparative
analysis of durations of moon quakes and
meteoroid impacts is indicated the
following. Durations connect with
deformational processes in lithosphere.
Histogram of intensive meteoroid stream
(4-8 impacts per day) contains the part of
durations corresponded periods of free
oscillation of the Moon. Constantly
existing on the histograms some picks of
durations of all lunar processes
correspond to periods of free oscillations
of the Sun. Part of seismograms, for
example, ones of "heat moon quakes" are
probably results of action on the moon
surface by dust-gas plasma of meteoroid
stream. Dust-gas plasma of meteoroid
stream may be modulated by wave field
of free oscillation of the Sun.
We have derived some types of
temporal series. Two series 1 and 7 years
in persistence (1974 and 1969-1977) are
the temporal sequences of sum numbers
of impacts per unit time (one day, three
days). The third series one year in
persistence (1974) is the temporal

sequence of impact events and time
intervals between them according to
Catalogue. We adopted that event
amplitudes are equal to unit. The duration
of these events was obtained from impact
seismograms. The forth series with the
same persistence (1974) is the temporal
sequence of values equal to duration of
impacts averaged through day. All series
were studied by spectral analysis and as a
result, common periodicity for all series
and supplementary picks in only two
series were obtained. Spectrum of the
meteoroid series (1969-1977) disclosed
time picks on Mercury, Venus and Earth
orbital periodicity (365; 225; 115; 88;
27.3 days). Comparative analysis of
spectra for other series disclosed
following periodicity picks: 44; 27; 5,5;
3,7; 2,5 (for first series 1974 in
persistence); 10; 5; 3; 2.5; 2.23 days (for
third series); 10; 5; 3,3; 2.5; 2,23 days
(for forth series). The 10 and 5-days
picks are exceptionally interesting,
because magnetic solar storms have the
same periodicity. Thin temporal structure
of temporal variation of moon quake and
meteoroid streams has the picks which
coincide
with
half-periods
of
neighbourhood binary star systems ( 2,2
day - UWCma; 3,6 days - hAql).
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INERTIA-GRAVITY WAVES OF VARIOUS SCALES ON CELESTIAL BODIES SURFACES, IN VERTICAL
SECTION AND THEIR RELATION TO RADIOWAVES. G.G Kochemasov., Moscow, Russia, kochem@igem.ru
The standing inertia-gravity waves crossing solid and
gaseous spheres of rotating celestial bodies in 4 directions
(on images often 3 or 2 directions are prominent) are very
typical features on observed surfaces (Fig. 1). Surely, these
waves also affect deeper spheres but it is confirmed upto
now only at Earth (Fig. 2). Here magnetic and seismic
studies crossed the core-mantle boundary (CMB) and
penetrated in the inner solid core. Now we know that the
inner core is anisotropic and tectonically dichotomic as well
as the Earth’s lithosphere (Theorem 1, [1]). The hilly CMB
has a relief of about +, - 6 km and its lows and highs are
located regularly in a chess-board pattern. The Earth’s
lithosphere has an inverse pattern of raised and fallen
tectonic sectors (Theorem 2, [1]). This coherence of wavy
features proves that inertia-gravity forces, acting upon any
celestial body moving in non-circular (elliptical) orbit,
affect all its parts from surface to center. Fig. 1, showing
examples of various size bodies (from a planetary size to a
small asteroid size) similarly affected by crossing warping
waves, indicates that the driving force of these waves is not
in their interiors but occurs externally and thus is tied to
their orbital energies.
As any celestial body moves in several orbits (around
planets, stars, galaxy center), wave perturbations of various
lengths (frequencies) must interact. A modulation of a high
frequency by a low frequency brings about side frequencies
at both sides of a high frequency. Earlier we showed that

the increased side frequencies lead up to the fundamental
waves and thus to tectonic dichotomies [2]. Now we
consider the diminished side frequencies and find out that
they for the Solar system (SS) occur in the limits of the
radio frequencies. Dividing all possible orbiting
frequencies of bodies in the SS by the SS orbiting
frequency in the Galaxy one comes to a range of the side
frequencies from microwaves to kilometer waves. It is
known that all bodies of the SS are sources of often
enigmatic radiowaves. Figuratively, the SS is wrapped by a
cloud of crossing radiowaves of various frequencies.
Calculations below show modulation of tectonic granula
sizes of some celestial bodies. A granula size is a half of a
wavelength. The scale is the Earth’s orbiting period of 1
year and the granula size πR/4. The tectonic granula sizes
of celestial bodies are proportional to their orbital periods
(Theorem 3, [1]). Modulating galactic frequency is 1/200
000 000 years. Jupiter: (12 y. : 200 000 000 y.) πR = (12 :
200 000 000) 3.14 _71400 km = 13.4 m for the tectonic
granula or 26.8 m wavelength. Varying orbital frequencies
and bodies’radia one comes to the following wavelengths.
Jupiter – 26.8 m; Saturn – 56.4 m; Uranus - 67 m; Neptune
– 124 m; Pluto – 10.9 m; Sun – 1.46 m; Triton – 11.4 m (for
the circumsolar frequency) and 1.84 mm (circumneptunian
fr.); Amalthea – 4.88 cm (circumsolar fr. ) and 0.0028 mm
(circumjovian fr. ); the Moon – 5.46 cm (circumsolar fr. )
and 0.46 cm (circumterrestrial fr. ).

Fig.1 Intersecting surface waves: 1. Proteus-416 km in ø; 2. Ganymede-5262 km in ø; 3. Io- a part of im.PIA02556, 1.44 km across; 4. Io- a part
of im.PIA02557, 2.6 km across; 5. Io- a part of im.P-48145, about 230 km across; 6. Tethys- leading hemisphere; 7. Amalthea- leading
side,PIA01074; 8. Amalthea- trailing side, PIA01074; 9. Phobos- crossing “ripples”, a portion of frame 039B84, ~9 km across; 10. Phoboscrossing “ripples”, The NASA Atlas of the Solar System, R.Greeley & R. Batson, 1997; 11. Ganymede; 12. Eros- rectilinear streaks and cracks
–extension, NEAR im. 0136612350, ~1.7 km across; 13. Eros- a portion of NEAR im. 01558837756, ~185 m across; 14. Eros- crossing striations
following into craters “not noticing” them, a portion of mosaic of im.0148235391 et al.;15. Eros- square craters (chess-board structure) as a result
of crossing standing waves, im. 132151598; 16. Eros- gently rolling in crossing directions surface (standing waves) producing a regular net of pits
(craters) with comparable sizes, mosaic of images 0142203174 & 0142203236; 17. Earth- water clouds cover a significant part of the planet,
photo of spacecraft “Salyut-3”.
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THE WAVE SHAPING AND STRUCTURIZATION OF 433EROS AND SOME OTHER SMALL BODIES. Kochemasov G.G., Moscow,
Russia, kochem@igem.ru

Recently well studied 433Eros is a good example of wave
processes shaping and structurizing also other celestial bodies.
Standing inertia-gravity waves warping any rotating and
moving in elliptical orbit celestial body in four directions
produce observed characteristic shapes and crossing lineation
patterns. A convexo-concave shape (2πR-structure,
fundamental wave, Theorem 1 [1]) and related to it tectonic
and compositional dichotomy are most easily observable in a
global scale [1]. Fig.1 gives some examples of convexoconcave shape of asteroids, small satellites and a comet
stressing a tendency of similar shaping in bodies of various
dimensions (e.g., Thebe 116 km long, Mathilde 60 km). The
shape of Eros is dominated by a concave and convex sides [2].
Its bent shape leads to extension and a deep crack of the
convex side (the saddle-Himeros) and to compression and
squeezing out some material in the concave side (crater
Psyche). At Earth such pressing out of deep material occurs in
subsided and pressed in oceanic areas in mid-oceanic ridges.
The uplift and subsidence of antipodal spheres of rotating
bodies require a density adjustment of composing them rocks
(Theorem 4, [1]). Lowlands are denser than highlands. The IR
image of Eros confirms this: the concave side is darker than
the opposite convex side with the saddle what means more
pyroxene-rich petrology (Fig. 3).
Another significant
regularity is that the blunt end of Eros is darker or more
pyroxene-rich than the sharp one (Fig.3 ). The “blunt-sharp
ends” shape (or πR-structure) of celestial bodies is caused by
the first obertone waves making bodies built of tectonic sectors
(Theorem 2, [1]). The convex side of Eros is formed by 4
semi-flat sections [2]. The structural octahedron made by the

wave 2 (πR-wave) is built by such way that its antipodal facets
(sectors or sections) are of opposite signs (+ and -, uplift and
subsidence). This is a kind of tectonic dichotomy of the second
order or, as we put it, the arctic-antarctic symptom (Fig.2) [3].
As with the dichotomy of the first order (Fig. 1) sizes of
celestial bodies does not play any role what proves that behind
shaping are the wave processes. As the tectonic octahedron
has only 3 plains of symmetries including by 4 edges there are
3 main directions of maximum strains leading to rock cracking
and folding along these geometrical directions. The cracks and
splitting off by them boulders are visible in Fig.4, 5. The
above 3-directions deformation and 4-directions deformation
(ortho- and diagonal) attributed to rotating bodies coexist
complicating a whole pattern of deformations . Smooth wave
undulation of Eros’ surface in several directions produces a
soft hilly relief in all scales. Raised patches are often devoid of
fine material which, as a result of constant shaking due to
impacts and inertia-gravity forces, tends to concentrate in
fallen areas (craters, “pools”) (Fig. 6). Boundaries between
raised and fallen blocks underlined by distribution of fines are
controlled by cracks in outcrops (Fig. 6). Outcrops themselves
tend to disintegrate into boulders following crack directions
(Fig. 4, 5, 6). It is clear that many aligned boulders are tracing
partially buried and destructed outcrops of hard rock layers [3].
A series of hard rock layers separated by softer rocks in the
very steep wall of Himeros is visible in Fig. 7. An alternation
of soft and hard rock layers in several directions is most
probably a result of dynamometamorphism and connected to it
redistribution of elements and mineral phases with help of
volatiles [4].

THE WAVE SHAPING AND STRUCTURIZATION OF 433EROS: Kochemasov G.G.
References: [1] Kochemasov G.G. (1999) Theorems of wave planetary tectonics // Geophys. Res. Abstr., V.1, #3, 700; [2] Robinson M.S.,
Veverka J., Thomas P.C., Murchie S. (2001) Geology of 433Eros //Geophys.Res. Abstr., V..3, (CD-ROM); [3] Kochemasov G.G. (2000) 433Eros
as a natural model of planetary wave processes // 32nd microsymposium on comparative planetology (Vernadsky-Brown microsymp. 32),
Abstracts, Moscow, Vernadsky Inst. (GEOKHI), 86-87; [4] Kochemasov G.G. (2001) Severe stresses leading to flattening, twisting, breakage and
destruction of small celestial bodies //Geophys. Res. Abstr., V.3, 2001,(CD-ROM).
Fig.1 Tectonic dichotomy of small bodies: 1. Thebe (~116 km long),im.PIA02531 at a range of 193000 km, the prominent “impact” crater
–Zethus is ~ 40 km across; 2. Mathilde (60x47 km), NEAR im. from a distance of ~ 2400 km; 3. Mathilde from a distance ~ 1200 km; 4.
Amalthea (270x170x150 km), trailing side, PIA01074; 5. Amalthea, leading side, PIA01074; 6. Geographos (5.1x1.8 km), a radar im. of S.J.Ostro
from a distance of 7.2 mln.km; 7. Metis (~ 60 km long), PIA02531,at a range of 293000 km; 8. Metis, Metis2.gif,at a range of 637000 km; 9.
Halley’s comet nucleus (16x8x8 km)-dark area to the right, Giotto im. HMC 01814, at a range of 20160 km. Fig.2 Antipodality of blunt and
sharp ends (the arctic-antarctic symptom). Asteroids: Geographos – 5.1x1.8 km (Radar im., S.J.Ostro); Ida – 56x24x21 km; Gaspra – 19 km long;
Eros – 33x13x13 km; Braille - ~1.2 km long; Kleopatra – 217x94 km (Radar im., S.J.Ostro). Satellites: Metis, ~ 60 km long; Amalthea,
270x170x150 km. Sizes of bodies differ upto 2 orders of magnitude. Fig.3 Eros, an IR im. of NEAR, 20000217g. Fig.4 Eros, from a range of
700 m, a portion of im. 0157416593,~ 10 m across, cleavage of a boulder. Fig.5 Eros, from a range of 120 m, a part of im. 0157417198, the rock
is 4 m across, 3 prominent directions of cracking. Fig.6 Eros, from a range of 9 km, image 0155883756, ~ 250 m across. Regular cracking of an
outcrop along 3-4 directions ,at the center is clearly seen a contact between the outcrop (to the right) and a filled with fines low ground. The
contact is structurally controlled by cleavage directions. Fines gradually obscure the outcrop at the left and bottom parts of the image. Fig.7 Eros,
a portion of im. 20001106, ~ 3 km across. Outcropping hard rock layers in the steep wall of the saddle.
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EVALUATION OF HRSC TARGET SITES FOR THE MARS EXPRESS MISSION
WITHIN HELLAS QUADRANGLE, MC-28. Kostama, V-P., J. Raitala, M. Aittola, T.
Öhman, J. Pakarinen and J. Korteniemi. Astronomy, Department of Physical Sciences, University
of Oulu, PO BOX 3000, FIN-90014, Finland, petri.kostama@oulu.fi.
Mars Express: Mars Express is part of the
ESA's long-term science exploration
programme. Mission launch will be within
an 11 day launch window which opens on
1 June 2003 and the arrival at Mars is
planned for the following December. The
Mars Express has seven scientific
instruments
onboard
the
orbiting
spacecraft, which will perform a series of
remote sensing experiments designed to
shed new light on the Martian atmosphere,
the planet's structure and geology.
The HRSC: The HRSC (high resolution
stereo camera) is capable of taking more
accurate and detailed images of the surface
and atmosphere of Mars than any other
camera before. It has an unprecedented
pointing accuracy, which it achieves by
combining images at two different
resolutions. The camera will take 3D
colour 10-30 m resolution pictures of the
Martian surface and of atmospheric
phenomena, such as cloud cover and dust
storms. At the same time, a super
resolution channel (SRC) will concentrate
on selected sites of particular interest at
2,3 m/pixel resolution. Although cameras
on other spacecraft have imaged small
areas at high resolution (MGS), or large
areas at low resolution (Viking), they have
never before combined the two.
MC-28: This quadrangle concentrates on
the Hellas basin and its eastern rim, as
well as part of the surrounding highland
and plains. This quadrangle is important
because of the Hellas basin and its central
parts and eastern boundary, two highland
patera formations, and several large
outflow channels.
Hellas basin: The basin within this
quadrangle can be divided into two distinct
provinces; The Alpheus Colles Plateau
(the basin central parts) and the relatively

smooth area surrounding the plateau. The
eastern rim of the basin is very eroded and
its exact location cannot be identified. It
has been proposed that the interior of the
basin held ice-covered lakes early in Mars
history.
There
are
morphologic,
stratigraphic, and topographic evidence
implying that first water-laid, then later
ice-rich, sediments dominate the geology
of the Hellas interior [1].
Outflow Channels: It has been suggested
that the origin for these outflow channels
would be the late-stage effusive volcanism
of the Tyrrhena Patera [2], which triggered
collapse and outflow erosion, producing
the Dao, Niger and Harmakhis Valles. In
addition to these three, we have the Reull
and Pomona Valles. Reull Valles may be
separated from the Harmakhis Valles by a
massif, but we cannot be certain have
these two been at one time part of the
same valley system. The Dao and
Harmakhis Valles also change radically in
morphology at the “shoreline” scarp,
which is also a distinct change in
topography. They both change from sharp
and exposed features into diminished and
partly buried. In this they closely resemble
the terrestrial marine channels, which
continue beyond the mouths of large
rivers.
Ice, permafrost and lacustrine deposits:
On Mars, we have a variety of features
that have been attributed to the presence of
local ground ice and permafrost [3]. These
features include lobate debris aprons and
rampart craters, which are abundant in the
Hellas quadrangle. In the region west of
Hellas there are mass-wasting features that
could be interpreted as resulting from
gelifluction or frost creep [3]. Almost all
features with positive relief in this region
are surrounded by aprons of debris that
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extend as far as 20 km from their source.
The features appear to be formed by slow
creep of debris, which does not require,
but is certainly helped by the presence of
ground ice. Widespread layering is evident
on Mars in the areas of deep erosion [4].
One of these concentrations of layered
outcrops in the northern Hellas was
studied by Thomson and Head [5].
Preferred mode of formation for this kind
of layering is deposition in an aqueous
environment.
Highland Paterae: Within the quadrangle
we have two large paterae, Hadriaca and
Amphitetris Patera. These large volcanic
edifices with very weak slopes are
evidence of the post-Hellas impact
volcanism. Both portray evidence of
pyroclastic eruptions with highly degrared
appearance of the slopes [2, 6, 7] and they
represent some of the most ancient
recognizable volcanism on Mars [8].
Comparison of all highland paterae around
the Hellas basin by using the HRSC data
will be one of the most interesting tasks of
the future research. An additional
important aspect is the location of the
Hadriaca Patera close to the Dao and the
Niger Valles, which will also give
evidence of volcanic activity-permafrost
interaction.
Eolian activity: In dire contrast to the
neighboring quadrangle (MC-27 Noachis),
the Hellas quadrangle does not have any
large dune fields. This is surprising
considering the fact that Hellas is thought
to represent a major source region for
regional dust storms on Mars [9].
However, there are possible yardang
formations, which have to be imaged at
higher resolution. In MGS images, we do
see small scale eolian formations as well
as dust devil concentrations. The evidence
of dust devils in the MOC images seems to
concentrate on the Hellas Basin area as
well as to the southern highlands. In the
vicinity of the outflow channels and
Hadriaca Patera the dust devils are almost
extinct. The photometric analysis of the
dust devils will give good information on

the photometric properties of the Martian
dusts and their the grain size.
Impact craters: Many craters of Hellas
display evidence of possible ground ice or
otherwise “water-related” impact. We also
have several larger craters with interaction
by post-impact fluvial activity. These
represent analogs for example to the Kara
crater in Northern Russia, which has a
river formation cutting through the rim and
central parts. Martian analogs may
represent counterpart for several different
evolution phases of the Kara crater and the
studies of Kara will reveal additional
details of Martian crater erosion and
deformation. The study will be done also
from within the MC-27 (Noachis) area,
which has several promising analogs as
well.
References: [1] Moore, J.M. and D.E.
Wilhelms (2001), LPSC XXXII, #1446.
[2] Tanaka K.L. and G.J. Leonard (1995)
JGR, vol. 100, pp. 5407-5432. [3] Carr,
M.H. and G.G. Schaber (1977) JGR 82,
4039-4054. [4] Malin, M.C. and K.S.
Edgett (2000) Science 290, 1927-1937. [5]
Thomson B.J. and Head J.W. (2001) LPSC
XXXII, #1374. [6] Tanaka, K.L. and D.H.
Scott, (1987), U.S. Geol. Surv. Misc. Inv.
Map I-1802-C. [7] Crown D.A. and R.
Greeley (1993) JGR 98, 3431-3451. [8]
Plescia J. and R. Saunders (1979) PLPSC
X, 2841-2859. [9] Martin, L.J., and R.W.
Zurek, (1993). JGR, 98, pp. 3221-3246.
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ROLE OF THE DIKE SWARMS EMPLACEMENT BY THE NOVA RADIAL FRACTURING
FORMATION. A. S. Krassilnikov 1,2 and J. W. Head2, 1Vernadsky Institute, 117975, Moscow, Russia,
kras@geokhi.ru, 2Department of Geological Science, Brown University, Providence, RI 02912 USA.
Introduction. Novae, as a "radially-fractured centers",
were first identified and described on the basis of the Magellan spacecraft radar images [1,2,3,4]. Catalog of volcanic
structures of Venus includes 64 novae [5]. Novae are interpreted by different authors to be the result of updoming and
fracturing on Venus due to the dynamic and thermal influence of hot mantle diapirs on the upper part of the lithosphere [2,3,4]. During our study of 64 novae [6] which are
represented in Catalog of volcanic structures of Venus [5] as
"radially-fractured centers" we paid special attention on radial fracturing of novae. There are a number of papers describing formation of radial fracturing on Venus and Earth
due to two different mechanisms – due to mechanical uplift
of the surface [e.g. 2,7] and due to radial dike swarms formation [e.g. 8,9,10].
Our goals: to study radial fracturing of 64 novae from
Catalog of volcanic structures of Venus [5] and to define
which process dominate by the nova radial fracturing formation – mechanical uplift of the surface or radial dike swarms
emplacement.
Methods. Our methods of study were the same with
methods described in “Novae on Venus. Geology, classification and evolution” [6] and was based on geological analysis
of all 64 novae and geological mapping of some of them
using Magellan GTDR , C1 and F-MIDR data.
Results of observation and discussion.

MORPHOLOGY AND ASSOCIATION OF RADIAL
NOVA FRACTURING
1. Part of radial novae fracturing is running away from the
nova rise for hundreds, sometimes for thousands of kilometers (fig. 1). This fracturing can be easily formed due to dike
emplacement.
2. Part of novae has very low upraised shape (fig. 1). Central parts of these novae are elevated above the flanks for
several hundreds of meters only, and nova itself has diameter
several hundreds of kilometers; but they are deformed by
densely radial nova fracturing. This uprising is not high
enough to produce radial fracturing just by mechanical uplift
of the surface.
3. Geophysical [2,11] and tectonophysical modeling of
novae [12,13] and radial fractured domes [7,14] formation
show existence of area of radial and concentric extension
above the central part of the rising diapir. This stress field
should produce both concentric and radial extensional fracturing [12,13] and “broken plate” structures analogous with
fracturing above the upraising salt diapir [14]. In addition we
do not observe it in central parts of real novae. We observe
concentric extensional fracturing in novae, but this fracturing
is located on periphery of novae, is always younger than
radial fractures of nova and has no visible connection with
uplifting of the novae.
4. Radial fractures of nova are mostly straight or very
slightly bend, sometimes radial fracturing of novae is represented by long (up to several hundreds of kilometers) and
narrow (up to several kilometers) graben (fig. 2). These
structures might be preferably formed due to dike emplacement, rather than due to mechanical uplift of the surface.
5. Lobate lava flows often show association with young
radial nova fracturing (fig. 3). These flows are mostly syn-

chronous with young radial fracturing of nova and sometimes
we observe lobate flows, which are starting to run from
young radial nova fractures (fig. 3). We can conclude that
radial nova fracturing is the source for these labate lava
flows. In some cases lobate flows start to run on the nova
slopes from the one elevation (fig. 3). It can be explained by
radial dike swarms emplacement along the neutral buoyancy
level (n 0) of the magmatic chamber, which produced this
nova dike swarm. So, position of source of these lava flows
can indicate position of n0 of nova producing magmatic
diapir.
All observations shown above suggest that most of radial
fracturing of novae most probably was formed due to radial
dike swarm emplacement. We do not reject that some part of
novae fracturing may form due to mechanical uplift of the
nova rise, but certainly radial dike swarms play a leading role
in formation of radial nova fracturing.
MULTIPLICITY OF RADIAL NOVA FRACTURING
In most novae (more than in 80 %) several generations of
radial fracturing are observed (fig. 1, 3). It was described by
Basilevsky and Raitala [15]. It may have following mechanisms:
1. Multiple stage supply of material into magmatic chamber, which is producing nova. It can initiate multiple stage
activation of magmatic chamber and multiple increasing of
the pressure in the chamber. As result - emplacement of several generations of radial dike swarms and formation of multiple radial fracturing. Multiple supply of material into
chamber can initiate multiple stage upraise of the surface
also, as result - formation of several generations of radial
fractures due to mechanical uplift of the nova rise.
2. Radial fracturing can be formed not by uprising of the
diapir only, but by the gravitational relaxation of the nova
rise also [12,13]. So, radial fracturing can form on the different stages of evolution of one magmatic chamber, without
any incoming thermal, dynamic or compositional support of
nova produced magmatic chamber.
SPACING OF RADIAL NOVA FRACTURING
In all studied novae, which have several generations of
radial fracturing, fracture to fracture spacing of younger fracturing is always larger, than older one (fig. 1, 3). This decreasing of spacing of radial fracturing with time might be
explained by following reasons:
1. Radial dike swarms, as was shown above, form most of
nova radial fracturing. Important condition of the radial dike
swarms formation is increased pressure in the magmatic
chamber [8,9,10]. Basing on this, we suggest that on initial
stages of nova formation pressure in magmatic chamber is
higher, and is decreasing with time. Possible mechanism of
pressure loose - dikes emplacement and volcanism on the
surface. Different authors described volcanic activity, which
connect with nova formation [4,16,17,18].
2. Influence of the radial dike swarms emplacement on the
surface depends on position of the n 0 of the magmatic chamber relatively to the surface. The deeper is n0 the lesser is
manifestation of the dikes emplacement on the surface. By
cooling of the chamber and following increasing of the depth
of the n0 we will observe the same sequence - increasing of
the fracture to fracture spacing of radial nova fracturing on
the surface with time.

RADIAL DIKE SWARMS AND NOVAE RADIAL FRACTURING FORMATION: A. S. Krassilnikov and J. W. Head

3. As we noted above, part of the radial fracturing may be
formed due to mechanical uplift of the surface. In this case,
increasing of the radial fracturing spacing suggests increasing of the thickness of the deforming layer above the diapir.
Spacing of deformation structures depends on the thickness
of the deforming layer [19]. Increasing of fracture to fracture
spacing might be explained by cooling of the upper part of
the diapir, which is in contact with cold upper part of the
lithosphere. Upper part of the diapir is cooling, becomes
more viscous, and finally becomes to be a part of the deforming layer above the diapir, increasing thickness of this layer.
As result - spacing of radial fracturing becomes larger due to
increasing of thickness of the deforming layer. This cooling
of the upper part of the magmatic chamber may lead to increasing of the depth of n 0 and following decreasing of described above influence of the radial dikes emplacement on
the surface.
It is possible, that all these three reasons lead to increasing of the fracture to fracture spacing of radial fracturing of
the nova with time. After diapir reached n0, it loses pressure
due to dike emplacement and volcanic activity and simultaneously diapir is cooling, which leads to increasing of the
thickness of deforming layer above the diapir and increasing
of the depth of the n 0. All these processes increase spacing of
radial nova fracturing.

Fig. 1. Perspective view of area around Nova 9N 68E
(H'Uraru corona). Fragment of SAR image C1MIDR.15N060.101, illumination from left. View is toward
NW. Vertical exaggeration X 20.

Conclusion.

•
Radial dike swarm emplacement apparently plays a
leading role in radial fracturing of novae.
•
Cooling of the magmatic chamber that produced nova
and its neutral buoyancy level (n0) control distribution, spacing and prominence of the radial nova fractures.
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Fig. 2. Perspective view of area around Nova 34N 21.5E
(Lilinau Corona). Fragment of SAR image C1MIDR.30N027.102, illumination from left. View is toward
NNW. Vertical exaggeration X 20.

Fig. 3. Perspective view of area around Nova 15S 215E.
Fragment of SAR C1-MIDR.15S215.101, illumination from
left. View is toward WSW. Vertical exaggeration X 20.
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Introduction. Novae (radially fractured centers) are usually
between 100 and 300 km in diameter. Here we consider 64 novae
from the Catalog of volcanic structures of Venus [1]. Novae are
interpreted to be the result of updoming and fracturing of the surface due to the dynamic and thermal influence of hot mantle
diapirs on the upper part of the lithosphere [2,3,4]. There are a
number of geological [3,4], numerical geophysical [2,5,6] and
analogous tectonophysical [7,8,9] models of nova evolution. But
only a few papers describe the geology of novae on the basis of a
detailed stratigraphic and tectonic analysis [10,11]. Here we examine the geology structure and evolution of novae through detailed
geologic mapping and classification.
Our goals: 1) to study the topography of all novae and to
analyze the geology of novae and their adjacent environment, 2) to
classify novae on the basis of their topography and geological
structures, 3) to study the relationship of novae with rifts, 4) to
assess models of novae evolution, 5) to compare the results of our
study with geological models [3,4], numerical geophysical [2,5,6]
and analogous tectonophysical modeling [7,8,9] of novae formation.
Methods. Analysis of topography and geological mapping
were undertaken using Magellan GTDR and C1 and F-MIDR data.
We analyzed the relationship of stratigraphic units and tectonic
structures inside novae and their local environment. In the analysis
of local stratigraphy of novae, we used independent analyses and
the stratigraphic model of Basilevsky and Head [12,13]. Special
attention was paid to the relationship of nova structures and plains
with wrinkle ridges (Pwr) in order to assess the relative ages of
novae structures and their environment.
Results:

TOPOGRAPHY CLASSES AND TECTONIC STRUCTURES
OF NOVAE. Based on the Magellan altimetry data, 62 studied
novae (two of all 64 novae [1] have no good topography data)
could be subdivided into four broad groups characterized by a
specific topographic profile. Some of novae show topographical
characteristics transitional from one class to another. We put them
in the class for which their characteristics were most prominent.
1. Upraised novae - UN (16 novae - 25.8 % of 62). Nova topography of these novae have a cone-like or dome-like topographic profile. The central rise of these novae is elevated above the
environment up to 2-3 km. Average diameter of these novae is
161±64 km [1]. Radial extensional fractures and long narrow graben represent novae radial structures. Part of these structures run
away from the nova rise for hundreds of kilometers. In 6 novae
(37.5 % of UN) one stage of radial fracturing is observed. Another
10 novae (62.5 % UN) show two or more visible stages of radial
fracture formation. Fracture to fracture spacing of the older radial
fracturing in all multiple stage novae is systematically narrower
than younger one. Lobate lava flows are associated with some of
young radial fractures and graben. Concentric extensional and
compressional structures are observed in some novae of this class.
In 4 novae (25 % of UN) concentric graben are identified, in 3
novae (18.7 % UN) - concentric ridges. 2 novae have both - concentric graben and ridges. 7 novae (43.7 % of UN) started to form
before Pwr emplacement. 3 novae (18.7 % of UN) finished activity
before Pwr formation. 13 novae (81.3 % of UN) of this class were
active after Pwr emplacement. 6 novae of this class (37.5 % of
UN) show association with rift structures shown in Price [14] and
Basilevsky & Head [15]. But rift structures have no visible influence on the shape of these novae.
2. Annular novae - AN (15 novae - 25.8 %). These novae have
an elevated central part and rather elevated annulus, which is concentric to the nova center. The central rise and annulus are usually
elevated above the environment by 1-2 km. Average diameter of
these novae is 188±66 km [1]. Radial fracturing of novae of this
class is the same as UN in morphology and behavior. 4 novae have
one generation of radial fracturing (25 % of AN) and 12 novae (75
% of AN) have two or more visible generations of radial fractur-

ing. Ridges and graben represent concentric deformation structures
in part of these novae. 6 novae show the existence of concentric
ridges (37.5 % of AN), 3 novae - concentric graben (18.7 % of
AN). One nova has both concentric extensional and compressional
structures. In some cases concentric graben and normal faults are
observed in the elevated annulus. Concentric annulae of the novae
may be embayed by some material, but some are not. Concentric
compressional structures are usually younger than most of radial
nova fracturing. On the basis of our observation, we can separate
three varieties of AN: 1) First subtype of AN has radial and concentric extensional fracturing in elevated central part and in elevated annulus. 2) Second subtype of AN has radial extensional
fracturing in elevated central part of novae and concentric compressional tectonic structures at the periphery of nova. 3) Third
subtype of AN has radial extensional fracturing in central part of
nova and radial extensional and concentric compressional structures in annulus of nova.
12 novae (75 % of AN) started to form before Pwr emplacement and 3 novae (18.7 % of AN) finished their activity before
Pwr formation. 13 novae (81.2 % AN) of AN were active after
Pwr emplacement. 5 novae of this class (31.2 % of AN) show association with rift zones [14,15], but rift structures have no visible
influence on novae shape.
3. Flat and negative novae - FN (15 novae - 24.2 %). These
novae have a flat, irregular shape, without a prominent central rise.
Average diameter of these novae is 192±50 km [1]. We included
in this class of structures two novae with negative relief. The central part of one of these “negative” novae is 2.5 m deep relative to
the periphery. The morphology and behavior of radial fracturing of
FN are the same as radial fracturing of novae described above. In
this class of novae no prominent central nova rise is observed. All
novae from this class have two or more generations of radial extensional fracturing. 10 novae (66.7 % of FN) have concentric
graben and normal faults, in 2 novae (13.3 % FN) concentric
ridges are observed. 2 novae have both concentric extensional and
concentric compressional tectonic structures. 6 novae (40 % of
FN) started to form before Pwr emplacement and one nova (6.7 %
of FN) finished its activity before Pwr. 93.3 % of these novae were
active after emplacement of Pwr. 6 novae of this class (40 % of
FN) show association with rift zones [14,15], but rift structures
have no visible influence on nova shape.
4. Plateau-like novae – PN (15 novae - 24.2 %). These novae
have a plateau-like shape with an approximately flat top. Average
diameter of these novae is 179±51 km [1]. The plateau-like rise of
these novae is elevated above the surrounding areas for up to 1-2
km. The morphology and behavior of radial fracturing of these
novae are the same as radial fracturing of novae classes described
above. In 2 novae (13.3 % of PN) one generation of radial fracturing is observed, in the other 13 novae (86.7 % of PN) two or more
stages of radial fracture formation were identified. Most of the
plateau-like novae (80 % of PN) have concentric extensional fracturing, which is usually represented by graben and normal faults
and mostly is located on the nova plateau margins. 3 novae (20 %
of PN) from plateau-like nova show existence of both concentric
extensional deformation structures and compressional structures.
All plateau-like novae are located in rift zones [14,15], and rift
troughs surround plateau-like rises of novae. Rifts control the
shape of novae, and produce plateau-like shape of these novae.
Age relationship of these novae with rift zones may have three
possible situations: 1) Novae predating visible rift zone activity rift structures cut nova structures. 2) Novae, which were forming
simultaneously with rift zone - nova fracturing composes part of
rift fracturing. 3) Nova postdating rift formation - radial nova fracturing cuts rift fracturing.
We did not find any structures in plateau-like novae, which are
embayed by Pwr material. We can suggest that all plateau-like
novae started to form after Pwr formation, or traces of embayment
were erased by latest nova or rift activity.
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NOVAE ASSOCIATION WITH RIFTS. 32 novae (51.6 % from
62) show association with rift zones [14,15]. Two different relationships between nova and rift zone are observed: 1) Rift does not
have visible influence on the nova topography (Upraised, Annular
and Flat and Negative). 2) Rift has visible influence on the nova
topography. Formation of rift troughs around nova takes place
(Plateau-like).

Conclusions

• We subdivided the novae population into four broad
classes basing on analysis of novae topography: Upraised
novae, Annular novae, Flat and Negative novae, and
Plateau-like novae. We suggest several scenarios of novae evolution, which depend on the relationships between novae and rift zone formation and position of neutral buoyancy level (n0) of nova producing diapir.
• Nova radial fracturing is forming mostly due to radial
dike swarm emplacement [16,17]. Most novae have multiple stage radial fracturing. Emplacement and thermal
and dynamical evolution of magmatic diapir, which produces nova, explains radial dikes emplacement, multiple
radial fracturing of nova, and different spacing of various
stages of radial fracturing.
• Formation of concentric extensional fracturing of novae is connected with relaxation of nova construct and
novae producing diapirs.
• We tested the model of stratigraphy by Basilevsky and
Head [12,13] using our separated areas of surface of Venus. In all cases our study is in agreement with this
model.
• Formation of novae does not in all cases lead to formation of corona-like structure, and not all coronae were
formed by gravitational relaxation of radially fractured
domes.
• Most novae, opposite to coronae, were active after Pwr
emplacement. And most of coronae were most active
before Pwr [12] formation.

NOVA EVOLUTION . Based on these characteristics of the
suggested classes of novae formation and the position of a neutral
buoyancy level (n0) of nova producing diapir (role of the neutral
buoyancy level for nova structures formation is discussed in [9])
we propose the following scenarios of their evolution:

• Our observations and interpretations are in agreement
with geological [3,4], geophysical [2,5,6] and tectonophysical [7,8,9] models of novae formation.
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Introduction: The Mars Orbiter Laser Altimeter
(MOLA) onboard the Mars Global Surveyor spacecraft
covered the surface of Mars with a dense network of
precise measurements of surface elevation [1]. Topographic maps of Mars produced with these data [1] have
being widely used for geologic and other studies of
Mars. In this study we focus on the statistical characterization of topography along MOLA profiles. This
kind of studies gives promising results due to the following two reasons. (1) Statistic analysis of the profile
utilizes the maximal resolution and precision of the
data. The shot-to-shot distance along profiles is 0.3 km,
while somewhere there are 1.5-km wide gaps between
profiles; the precision of elevation measurements along
one orbit is as high as 0.2 – 0.3 m in smooth regions,
while the actual orbit-to-orbit accuracy is about several
meters. (2) Statistical analysis allows to map the topographical patterns rather than individual features. Smallscale gently-sloping features often are hard to recognize
in the topographic maps, and it is even harder to distinguish boundaries between areas of different patterns.
In our previous studies [2] we mapped the median
absolute value of differential slopes at a number of
baselines from 0.6 to ~20 km. This statistical property
of topography can be considered as a characteristic of
the surface roughness at the scale defined by the baseline length. We found that the kilometer-scale and subkilometer-scale roughness is controlled by both geologic units at a scale of 1:15 M (‘bedrock units’) and
surface-layer features and deposits (‘surficial units’),
while at larger scales (tens of km) the roughness is almost entirely controlled by global ‘bedrock’ geology.
The maps show that different geological units have distinctive roughness characteristics, and that these may
hold information on the modes of emplacement. The
analysis also revealed systematic latitudinal variations
of roughness in both the southern highlands and northern lowlands [2]. Terrains at high latitudes were shown
to be smoother at short baselines. Here we present new
results of statistical analysis of MOLA data.
Statistical analysis. We used all MOLA profiles
excluding those taken at off-nadir observation geometry. We carefully excluded all bad measurements.
For each good MOLA shot we calculated the arrow at
baselines of 0.6, 2.4, and 9.6 km. The arrow at a given
baseline is the vertical distance from a given point of
the profile to a straight segment plotted between points

a half baseline ahead and a half baseline behind, along
the profile. Fig. 1 illustrates the definition of the arrow
at 2.4 km baseline. For the illustrated case the arrow is
positive. The arrow can be considered as a measure of
the profile curvature at the given baseline. Positive arrows indicate convex profile segments, negative arrows
indicate concave ones.
We calculated the arrow-frequency distribution for
all MOLA shots within each map grid cell. Fig. 2
schematically shows an example of the frequency distribution of arrow at 0.6 km baseline calculated for a
site in Daedalia Planum, close to letter A in Fig. 4. Also
shown on the plot are definitions of two statistical characteristics of the distribution: the median and the interquartile scale. The interquartile scale of the arrow at a
given baseline is some characteristic of the distribution
width, and hence it can be used as a general characteristic of surface roughness. Deviation of the median from
zero characterizes the asymmetry of the distribution.
The positive median arrow (as in Fig. 2) indicates the
prevalence of convex profile segments in the given site.
Fig. 3 shows schematic samples of profiles with wellexpressed prevalence of convex (a, b) and concave (c)
segments. For the real profiles such prevalence is much
less expressed and hardly can be seen in visual inspection of the profile. The median value of the arrow at a
given baseline normalized by the distribution width can
be used as a quantitative characteristic of the prevalence
of concave or convex topographic features.
We mapped the interquartile scale of the arrow at
0.6, 2.4, and 9.6 km baseline length. The resolution of
the maps is 8 pixels per degree (~7.5 km per pixel). Fig.
4a shows a part of such a map for 2.4 km baseline. The
region mapped is Daedalia Planum, from 35°S to 10°S
and from 135°W to 105°W. Darker shades denote
smoother surfaces. Dark (smoother) areas in the map
(A,B,C) are Amazonian and Hesperian volcanic plains
and lava flows related to Arsia Mons, which is located
at the northern edge of the frame. Bright (rougher) areas
are islands of older Noachian terrains, including Claritas Fossae in the eastern part of the map, as well as
young impact craters and their ejecta. These maps are
rather similar to the maps of the median differential
slope [2], though there are some differences. The similarity is reasonable, because both quantities characterize
general surface roughness.

KILOMETER-SCALE TOPOGRAPHIC PATTERN, MARS: M. A. Kreslavsky and J. W. Head III

We also mapped the median arrow at 0.6 and 2.4 km
baseline length. For the longer baselines, the maps of
the median arrow are very similar to the maps of the
second derivative of regional topography and are useless for the study of topographic patterns. The resolution of the maps is 2 pixels per degree. Attempts to map
the median arrow at a higher resolution led to very
noisy maps. Fig. 4b shows a part of the map for 0.6 km
baseline for the same area as shown in Fig. 4a. Brighter
shares correspond to positive values (prevailing of convex forms).

tine lava flow surface. Thus the difference in the kilometer-scale topographic pattern between flow generations reflects primarily the age difference, though some
role of emplacement mode cannot be excluded.
Future work. Our new maps of statistical characteristics of kilometer-scale topography gave essentially
new information in comparison to our previous study.
Note, however, that profiles contain potentially more
information about typical topographic patterns. Profile
samples in Fig. 3a and b show very distinctive patterns,
but they cannot be distinguished with the parameters
used in the current study. The outstanding problem is
the choice of a minimal "complete" set of statistical
characteristics, which would cover the whole variability
of typical kilometer-scale topographic patterns on Mars.
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Discussion. It is seen that the volcanic plains A, B,
and C in Fig. 4 have different prevailing curvatures,
which evidences for different topographic patterns.
These units correspond to different generations of lava
flows in Daedalia Planum. The difference in kilometerscale statistics of topography is probably controlled by
the presence and characteristics of surficial deposits
rather than by original topography patterns of the pris-
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Introduction: Brightness of the lunar surface depends on the illumination/observation geometry. This
dependence (the photometric function) is controlled by
the regolith structure at a wide range of spatial scales.
Unusual behavior of the photometric function indicates
anomalies in the regolith structure.
We have reported on the discovery of photometric
anomalies in the vicinity of Apollo-15 landing site
found with Clementine data [1]. Here we present an
overview of sites that potentially can be examined for
photometric anomalies with Clementine data and report
on all types of anomalies found in these sites.
Clementine UVVIS data usage to search for photometric anomalies. If some area of the lunar surface
was imaged at least twice at different observation
and/or illumination geometry, the pair of images gives a
potential possibility to identify photometric anomalies.
The images should be accurately coregistered and divided one by another. This procedure quenches albedo
pattern over the scene. Variations within the ratio image
would be due to: (1) noise; (2) surface topography (differently tilted surface elements change brightness differently when illumination/observation geometry
changes); (3) difference in actual image resolution; and
finally (4) true variations of photometric properties (due
to the surface structure and composition). If the latter is
not small in comparison with the three former, it can be
distinguished by an informal visual inspection. The low
level of noise in the ratio image can be achieved, if (a)
both source images have low noise and (b) the illumination/observation geometry of the source images is
quite different. The influence of topography does not
dominate, if (c) the illumination/observation geometry
of the source images is not too different and (d) the
scene is flat enough (this limits the study with mare
surfaces). The artifacts due to resolution difference
would not mask the anomalies completely, if (e) the
source images have comparable resolution.
Our inspection of the whole Clementine UVVIS
data set show that there are only a few sites, where the
conditions (a)-(e) meet. Lossy compression applied to
the majority of images produces too high noise and the
ratio of such images is not suitable to search for photometric anomalies, even if the other conditions meet.
There are several series of images transmitted with no
lossy compression during the regular mapping phase of
the mission. Subsequent images in the series partly
overlap, but the phase angle difference in the overlap
areas is too small and the ratios cannot be used to search
for photometric anomalies. There are several series of
images taken at non-standard geometry before and after
the regular mapping phase, some of them were trans-

mitted without the lossy compression. There are 5 pairs
of images from different regular and non-regular series,
which overlap. Only for 2 pairs among them the scene
is flat enough. These sites are in Oceanus Procellarum
near craters Cardanus and Krafft at 18 °N 284°E and
14°N 289°E.
In the Clementine data set, there are several series of
images of the same site taken with different observation
geometry while the spacecraft was moving above the
scene from S to N horizon. These series give additional
possibilities for a search for photometric anomalies.
Large number of overlapping frames potentially allows
to reduce noise. Usage of a subset of 52 images meeting
conditions (c) and (d) in a sophisticated data processing
procedure gave an image of photometric function parameters of Apollo-15 landing site [1]. We also performed a similar processing for the site in Mare Cognitum (7°S 337°E), though the number of images in the
series was smaller and resulting noise level was higher.
There are two more sites meeting condition (d), where
there are series of overlapping images. They are located
near crater Galilaei (9°N 298°E) and at Reiner Gamma
(7°N 301°E). These two series include some images
with no compression losses, however the overlapping is
not as perfect as for the Apollo 15 and Mare Cognitum
series, and the procedure of photometric function parameter estimation cannot be applied here. We continue
our work on these series.
There are some other areas on the Moon covered by
Clementine images taken at different illumination/observation conditions, though they are less appropriative for photometric analysis.
Results and interpretation: If the surface is isotropic, the illumination/observation geometry is completely determined by three angles, and the photometric
function describing the photometric properties of the
surface depends on three variables. Thus this is a rather
complex object even for the isotropic surface. It is convenient to consider the photometric function as a product of the phase function containing the main part of the
brightness dependence on the phase angle and the disk
function depending on all three angles (see, e.g., [2]).
The variability of the phase function is known to be
much wider than the variability of the disk function,
especially at small and moderate phase angles used in
the Clementine survey.
We had found a significant deviation of the disk
function for Reiner Gamma from the typical disk function for the mare regions [2]. Our recent work confirms
this findings. However, as a first approach, it is convenient to consider the photometric anomalies in a simplified way as anomalies of the phase function. Moreo-
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ver, since the surface brightness monotonically decreasing along with the phase angle increase, we can
consider an anomaly simply as steeper ("positive"
anomaly) or less steep ("negative" anomaly) phase
function at moderate phase angles (30-60°). This simplified approach allows us to unite results obtained in a
different way, e.g., as phase-angle ratio images and images of phase function parameters. Below we overview
all photometric anomalies found so far.
If the surface structure is the same, we would expect
steeper phase function for darker surfaces, because the
shadow hiding is the dominant mechanism responsible
for the phase dependence of brightness, and multiple
scattering in bright surfaces decreases its effectiveness
[3]. Strong negative anomalies had been identified for
ray systems of Copernicus and Kepler in Earth-based
astronomical observations [3]. In this study we do observe negative photometric anomalies associated with
extended bright albedo features: rays (at Cardanus site)
and Reiner Gamma albedo feature. There are a few
complications. Reiner Gamma, being generally a negative anomaly, displays a wide diversity of smaller-scale
(several to tens km) photometric properties variations
with no obvious correlation with albedo. There are two
bright features in Galilaei site showing almost no photometric anomaly.
Some small (~100m) fresh craters have halos of
negative anomaly [1] (there are several good examples
in Apollo-15 and Mare Cognitum sites and some more
at other sites). The halo is usually 0.5-5 km in diameter,
several times wider than the bright ejecta area of the
associated crater. Old craters never have such halos.
Many morphologically fresh craters, exhibiting bright
ejecta zones, do not have the anomalous halos and, opposite, some craters without prominent albedo features
do have the halos. The latter is very interesting, since it
can be unambiguously interpreted as structure anomalies of the lunar regolith. As the halos correspond to less
steep phase curves, we treat them as areas having
smoother microtopography and/or higher packing density of the uppermost regolith layer. The unusual compaction and microtopography of the regolith layer can
arise due to the seismic waves induced at the crater
formation. The spatial distribution of seismic amplitudes depends in particular on the properties of the regolith background. This factor can control the halo visibility.
There is a negative anomaly at the Apollo 15 landing site [1]. We interpret it as an area of regolith disturbed by the lander jets. Some brightening of the surface at the landing site attributed to the regolith disturbance by the jets had been observed in images taken
from the orbit by Apollo 15 astronauts [4].
There is a halo of negative anomaly at Krafft site
around a small (diameter of ~200m) dome. There is no
any fresh crater in the vicinity of it. We interpret this
halo as a result of anomaly of the regolith source material rather than recent regolith structure disturbance.

The dome might be a volcanic edifice and the halo
might be related to pyroclastic deposits around it. Earthbased astronomical data [3] had shown a weak negative
photometric anomaly at Marius hills known to be volcanic centers.
Conclusion and prospects: Our results show that
photometric studies of the lunar surface at 10-100 m
resolution are of great interest and are very promising.
They can be useful in future geomorphologic studies.
The discovery of anomalous halos of some fresh craters
opens a principally new possibility to estimate regolith
gardening rate. Advanced statistics of craters with
anomalous halos could give unique information on the
recent impactor population in the Solar System. Recent
shallow high-amplitude seismic events (if they occurred) should also leave traces of the disturbed regolith, which would appear as photometric anomalies.
Thus the photometric studies can be used to search for
sites of recent seismic activity in the lunar crust.
Unfortunately, Clementine data do not allow any
extensive survey of the photometric anomalies. They
give only several examples. Earth-based astronomical
observations are limited in resolution; all interesting
features that we found in Clementine data set are principally unresolved from the Earth. A part of Oceanus
Procellarum was imaged by Hubble Space Telescope in
1998 with the resolution similar to that of Clementine
UVVIS camera [5]. There are several Clementine images with no compression loss in the area imaged by
HST. We plan to combine these Clementine and HST
images and continue our overview of the photometric
anomalies. We also consider possibilities to use the
AMIE/SMART-1 camera data. The SMART-1 spacecraft will orbit the Moon in 2003. We hope to combine
Clementine images with no compression loss with
AMIE images for several sites in Mare Humorum and
Mare Nubium. New imaging of the Moon with HST
potentially can be a base for a global search for kilometer-scale photometric anomalies on the lunar nearside.
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1. Introduction
Lunar landing and orbital missions have
provided the background of our knowledge of the
Moon and yielded the first information about the
mantle seismic velocities (Goins et al., 1981;
Nakamura, 1983). According to the seismic
velocity model of Nakamura (1983), the lunar
mantle consists of three constant-velocity zones
with sharp discontinuous boundaries at depths of
270 and 500 km. The earliest interpretations of the
Nakamura lunar mantle seismic velocity model
were reported by Hood and Jones (1987) and
Mueller et al. (1988). Their results showed that a
change in mineralogical phase alone was
insufficient to explain the large velocity increase
that characterized the Nakamura model near 500 km
depth. Consistent with these conclusions, Kuskov
(1997) combined geophysical and geochemical
constraints and concluded that the nature of both
”270”-km and ”500”-km discontinuities can be
attributed only to change in chemical composition.
Recently Khan et al. (2000) have reported
on a reinvestigation of the Apollo lunar seismic
data using an inverse Monte-Carlo method. The
Khan et al. model differs significantly from
previous seismic models, especially at depths of the
lower mantle (560 - 1000 km), as well as from
theoretical seismic velocities estimated for various
compositions at pressures and temperatures of the
Moon (Kuskov, 1997; Kuskov, Kronrod, 1998).
The aim of this paper is to calculate the
range of the Moon's seismic velocities in the CaOFeO-MgO-Al2O3-SiO2 (CFMAS) system (forward
modeling) consistent with the elastic properties of
minerals and lunar geochemical constraints.
Because of discrepancies and contradictions among
available lunar seismic velocity models, the major
objective in our forward modeling study is to
convert the potentially possible bulk composition
models to mineral assemblages, to calculate the
allowed field of seismic velocities, and to compare
them with the observational models.
2. General outline of the lunar model
The corresponding parameters for the mean
density, radius and normalized moment of inertia
are as follows: _ =3.3437±0.003 g cm -3, R=1738
km and I/MR2 = 0.3931±0.0002 (Konopliv et al.,
1998). We consider here a five-layer model of the
internal structure of the Moon, including a silicate
crust (H=60 km, ρ=3.0 g cm-3), a three-layer mantle
at depths of 60-300 km (upper mantle), 300-500
km (middle mantle), 500 km - core-mantle
boundary (lower mantle), and a eutectic Fe-FeS core
(ρ=5.15 g cm-3). The density variations in the
mantle shells and core radii are found by the

Monte-Carlo method: the entire range of the
petrologically allowed mantle densities is examined
and those values that obey the balance relations for
the mass and moment within the uncertainty limit
are chosen.
The chemical and phase compositions of
the mantle were modeled within the CFMAS
system including the solid solution phases. The
oxide concentrations for the entire mantle were
varied within a step of 0.5-1 wt.% in the ranges:
2≤CaO
and
Al2O3≤7%,
6≤FeO
≤20%,
25≤MgO≤45%, 40≤SiO 2≤57%. Thermal models
were taken from Kuskov and Kronrod (1998).
For the computation of phase composition
in the CFMAS system for a given chemical
composition, we have used the method of
minimization of the total Gibbs free energy. Input
data for the self-consistent thermodynamic
quantities (enthalpy of formation, entropy, heat
capacity, and Margules parameters for solid
solutions), for the equations of state of minerals as
well as for shear moduli (G) and their derivatives
are summarized in the THERMOSEISM data base
(Kuskov and Kronrod, 2001).
Typical uncertainties of the calculated density and
velocity values (the Hill average of the Voigt and
Reuss bounds) for the mantle assemblages existing
under lunar pressure and temperatures are less than
1% and 2%, respectively. According to the seismic
data, the reported uncertainties in Vs and Vp are:
0.7-4.8% (Nakamura, 1983); 10-19% (Khan et al.,
2000).
3. Results and discussion
Allowed density ranges are as follows: 3.22<ρ
<3.44 g cm –3 at 60-500 km and 3.34<ρ<3.52 g
cm–3 at depths between 500 km and the mantle-core
boundary. The largest core radii are estimated to be
490 km for a eutectic Fe-FeS core and 350 km for
an Fe core. Hood et al. (1999) using the Lunar
Prospector magnetometer data reported a lunar core
radius of 340±90 km.
Fig. 1 shows that the petrologically
allowed ranges of the calculated velocities are in
excellent agreement with the seismic velocities of
Nakamura (1983) at depths of 60-300 km.
However, the calculated velocities are shifted to the
Nakamura upper-velocity bounds at depths of 300500 km and to the lower-velocity bounds at depths
below 500 km. The results of Khan et al. (2000)
inversion at depths of 45-500 km are only
marginally consistent with the allowed field of Swave velocities whereas their P-wave velocities are
strongly overlapping the petrologically permissible
values. In contrast to our calculations, the Khan et
al. lower mantle velocities (below 560 km) are
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significantly larger than those of the Nakamura and
Goins models, and lie outside the petrologically
allowed field of the calculated velocities. Fig. 1
shows that there is no possible chemical and phase
composition able to satisfy the Khan et al.
velocities at P-T conditions prevailing in the lower
mantle of the Moon. Consequently, some of the
lower mantle seismic velocities (S-wave velocities
at depths of 560-800 km and P-wave velocities near
800 km), reported by them, appear to be
petrologically unfeasible because the values are too
high to be consistent with theoretical seismic
velocities calculated for a great variety of
compositions, densities and temperatures.
4. Summary and conclusion
The present study highlights the discrepancies and
contradictions among the available seismic data and
indicates that earlier velocity estimates are in
agreement with the allowed field of theoretical
velocities and densities. In contrast with these
earlier velocity estimates and from the standpoint of
lunar petrology, elasticity and density of the
equilibrium phase assemblages there are serious
objections to some of the seismic velocities in the
lower mantle of the Moon proposed by Khan et al.
The calculated field of velocities in the zoned
lunar mantle shows that variations in both
composition and temperature lead to the maximum
variations in velocities in the range of 4.2<Vs<4.7
km s-1 and 7.4<V p<8.4 km s-1. Petrologically
admissible field of velocities and densities may be
used as a significant constraint for the analysis of
internal structure of the Moon.
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Fig. 1. Petrologically admissible theoretical
velocities (Vs and V p) in the lunar mantle versus
density. Seismic velocity models of Nakamura
(1983) and Khan et al. (2000) (not associated with
densities) are shown for comparison: 1-3 - the
Nakamura seismic data; 4-8 - the Khan et al.
seismic data.
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TRACE ELEMENT DISTRIBUTION AMONG ACCESSORY MINERALS IN ADHI KOT EH4
CHONDRITE. Z.A. Lavrentjeva, A.Yu. Lyul. V.I. Vernadsky Institute of Geochemistry and Analytical

Chemistry, RAS, Moscow.
We have shown recently [1], that the 14 mineral
fractions different grain-sized and density of Adhi
Kot chondrite are enriched in the refractory elements
Ca, Sc, Hf, La, Sm, Eu, Yb and Lu by a mean factor
of 3.7 relative to their abundance in C1 chondrites.
This fact supports the opinion that they contain
samples of high-temperature condensates from the
solar nebula. We have extended the investigation of
elemental composition of accessory minerals to the
Adhi Kot chondrite. The importance of the Echondrites is that in various models of formation of
the inner planets E-chondrite type material is
considered to be a substantial constituent [2]. In
addition, E-chondrites are highly reduced and,
therefore, they were proposed to originate from
distances much closer to the Sun than do other classes
of meteorites [3]. If the latter true, and if our
assumption is correct, the elemental composition of
accessory minerals should reveal samples of high –
temperature condensations from the solar nebula.
In the present paper the results of elemental
abundances in accessory minerals of enstatite
chondrite Adhi Kot are reported. The mineral
fractions were isolated by hand and physical
separation methods and their elemental composition
was determined by instrumental neutron activation
analysis. Table 1 shows the average elemental
enrichment factors relative to Cl chondrite [4].
The mineral fractions A and B have cristobalite
grains (A has small inclusions), the fractions C and D
have olivine grains (C - light-green, D- dark-green),
the fraction E has yellow pyroxene grains, the
fraction F has sphalerite grains, the fraction G has
osbornite grains , the fraction H has schreibersite
grains.

The enrichment factors of siderophile Fe, Ni, Co, Ir
and Au in all fractions are less than 1, with exception
of sphalerite.The fraction F are enriched Au (6,0 x
C1) and Fe (1.4 x C1) (Tab. 1). Schreibersite are
enriched in siderophile Fe (3.6 x Cl), Ni (3.9 x Cl),
Co (5.5 x Cl), Au (4.1 x Cl) and depleted in Ir (0.7 x
_1). Fractions A, B, C, D, E and H are enriched in
litophile non-refractory Na and _ and in refractory
Ba, Sc, Ca and REE. Most part fractions (A, C, D, E,
G and H ) are enriched in heavy REE
[Lu/Lu(Cl)]/[La/La(C1)]=1.8 (mean) and have a Eu
minimum [Eu/Eu (C1)]/[Sm/Sm (C1)]=0.66 (mean).
All accessory minerals are enriched in moderately
volatile siderophile As (1.5 - 403 x C1). Sb (6.4 - 462
x Cl) and Cu (1.2 - 865 x Cl) The enrichment factors
of volatile chalcophile element Se in cristobalite and
yellow piroxene are 1.3 and 2.9, accordingly. All
fractions are depleted in Cr, with exception sphalerite
Cr (6.1 x Cl). The fraction A has the ratio [(Ir/Ni)
A/(lr/Ni)Cl]/[(Au/Ni)A/(Au/Ni)Cl ] =16.7 (cosmic is
3.44). The superabundant in Ir relative to Au and Ni
witness as to formation of small inclusion of
cristobalite by agglomeration of grains enriched in
refractory metal (Ir) with grains enriched in nonrefractory metal (Au ).
The accessory minerals ( cristobalite, olivine,
yellow pyroxene , sphalerite and osbornite) of Adhi
Kot EH4 are enriched in refractory elements Ba (256
– 1718 x C1), Ca (1.7 – 3.1), Sc (1 – 4.5 x C1), Sm
(1.3 – 20 x C1), Eu (1.4 – 19 x C1), Yb (2.8 – 14 x
C1) and Lu (5 - 20 x C1) relative to their abundances
in _1 chondrites. This fact supports the opinion that
these minerals are samples of high-temperature
condensates
from
the
solar
nebula

TABLE 1. Average element enrichment factors of mineral fractions of Adhi Kot chondrite.

Fraction
A
B
C
D
E
F
G
H

Na
6.8
15
2.7
5.9
2.7
3.6
0.03
0.3

_
13
4.7
<3.6
2.9
12
<0.5
<0.5
<1.3

Ca
0.7
1.9
<1.7
<0.3
1.8
<2.4
<3.1
0.1

Cr
1.0
0.02
0.09
<0.08
0.5
6.1
0.008
0.06

Sc
1.3
0.5
1.0
1.1
4.5
2.0
0.2
0.2

Fe
0.4
0.05
0.07
0.2
0.3
1.4
0.008
3.6

Ni
0.2
0.04
0.07
<0.1
0.3
0.2
<0.09
3.9

__
0.1
0.03
<0.07
0.3
0.3
0.5
0.02
5.5

Au
<0.03
<0.09
<0.3
<0.9
0.3
6.0
<0.08
4.1

As
1.5
403
39
<5
<3
86
1.6
5.0
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Fraction
A
B
C
D
E
F
G
H

Ir
0.5
<0.1
<0.2
<0.2
<0.3
<1.0
<0.3
0.7

Cu
2.8
3.1
9.0
3.8
4.2
157
865
1.2

Zn
0.5
21
3.3
1.1
922
160
0,3

Se
1.3

2.9

Sb
<11
248
<36
<36
11
462
12
6.4

References: [1] Lavrentjeva Z. A. (1997), LPSC
XXVIII, abstr. # 1008. [2] Wänke H. and Dreibus G.
(1988). Phil. Trans. R. Soc. Lond. A. 325, 545. [3].

Ba
260
1611
913
1068
256
1718
299
44

La
1.7
13
<14
<9
9.9
23
2.1
0.6

Sm
1.7
2.4
<10
<10
7.6
20
1.3
0.4

Eu
1.4
3.6
<6
<16
2.5
19
0.9
0.9

Yb
<2.5
<4.4
<19
<12
12
14
2.8
<0.9

Lu
<2.5
<4.5
<20
<30
20
18
5.0
1.5

Baedecker P.A. and Wasson J.T. (1975), GCA, 39,
735. [4] Anders E. and Grevesse N. (1989), GCA, 53,
197.
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SOME PROBLEMS OF THE EVOLUTION OF ASTEROIDS – RUBBLE PILE. G. A
Leikin, A. N. Sanovich. Sternberg Astronomical Institute, Moscow 119899, Russia.

We consider the evolution of an asteroid –
rubble pile – as an isolated object. Evidently,
we can distinguish two processes: distant interactions, where there is no direct contact
between separate fragments, and close contact
interactions, where the fragments collide with
one another. The process of distant interaction is essentially similar to that of the evolution of scattered star clusters and, in itself,
leads to the ejection from the pile of individual fragments with maximum energy and angular momentum, the distribution of which
may roughly be described by a Maxwell distribution. At the stage of distant interaction,
there is practically no inelastic loss of energy.
In contrast, the process of contact interaction is accompanied by a loss of kinetic energy of the fragments, spent in disrupting the
rock in collision and contact events, which
brings the fragments closer and eventually
leads to a quasi-spherical form (or for those
retaining an angular moment – quasi-elliptical
form) for the rubble pile in the absence of
external perturbations.
It is clear that the evolution of a closely
bound pile leads to the formation of a plentiful fine-fraction on the surface of the fragments. Such an asteroid structure should have
an observable density considerably lower
than solid rock.
Unprotected from cosmic rays and solar
radiation, areas of the surface on the fragments should become positively charged
through ejection of electrons. This charge
should be sufficient to balance the fluxes of
positively and negatively charged particles.
Thus the fragments should have a thin atmos-

phere of dust of small extent, or possibly a
general atmosphere enclosing all the fragments.
Such a rubble pile with a dust atmosphere
differs from a cometary nucleus only in the
absence of a volatile gas component, which is
usually considered the cause of the appearance of cometary dust.
In the case of an asteroid rubble pile, the
dust is produced by the interaction of fragments of the pile; however, its interaction
with the solar corpuscular fluxes does not differ from that of cometary dust and should
therefore show the same effects.
In particular, the observation of ‘cometary’
activity at great heliocentric distances doesn’t
necessarily indicate the cometary nature of
the active bodies – it could be a result of an
asteroid–rubble pile entering the solar corpuscular flux. The turbulisation of the magnetized flux, on interaction with the asteroid–rubble pile may lead to short-period
bursts of activity (especially on interacting
with a rotating asteroid), and in some cases,
on turbulent disruption of the dust atmosphere
of the asteroid, to the formation of an ‘asteroid phantom’ – a magnetized cloud of dusty
plasma.
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SPECTRAL AND ANGULAR PARAMETERS OF RADIATION EMITTED AFTER METEOROID
IMPACT ONTO MARS. T.V. Losseva and I.B. Kosarev, Moscow, Institute for Dynamics of Geospheres RAS,
Leninsky pr., 38, bld.6, Moscow, 117334, Russia, e-mail: losseva@idg.chph.ras.ru
A 3D multifrequency radiation transfer code was
created to obtain integral and spectral characteristics
and angular distributions of radiation emitted by the
disturbed domain after the cosmic body impact. This
code uses Sn-method [8] based on the direct solving
the radiation transfer equations along great number of
rays converging to an observation point. These rays
should pack in the region. We have taken into account
the large number of rays (about 600 000) to not miss
small emission regions.
We have used gasdynamic parameter distributions
after the vertical impacts of 1-100 m radii stony
projectiles striking the Martian surface at the
velocities of 11-20 km/s [9].
Total Flux Density,
W/cm 2

Performing spectroscopic measurements during
impacts onto Mars we obtain the unique possibility of
investigations of the structure and physical properties
of the Martian surface and atmosphere, their chemical
composition. Many values for various physical
parameters may be derived from remote
measurements of the radiation emitted during
impacts. Radiation absorbed by the surface leads to
the losses of volatiles. A thin layer of the Martian air
adjacent to the surface being heated may drastically
change the gasdynamic flow behind the shock wave
due to the ‘thermal layer effect”. Detection of
radiation impulses may be used for searches of fresh
impact sites.
Cold chemical composition of the Martian
atmosphere used in calculations was taken form [1].
In our calculations we used six substances (CO2, N2,
Ar, O2, H2O) and the average content of H2O was
taken to be 1.6⋅10-4 by volume. Radiative properties
of the hot Martian atmosphere are strongly dependent
on its thermochemical structure. The chemical
composition for the temperatures T ≤ 12000K was
modeled by 68 species. The most important ones in
the temperature region considered are O2, N2, NO,
NO2, N2O, NH, CO, CO2, CH, CN, H2O, H2, H2O,
OH. For higher temperatures we have added atoms
and multicharged atomic ions of all elements taken
into consideration. In the radiative properties
calculations we have considered absorption in
fundamental band and two first overtones for
diatomics, absorption in fundamental bands, hot and
obertone vibrational bands of triatomics and also
various electronic bands of molecules. Intensity
values for vibrational bands of other molecules were
taken from HITRAN database [2] and the molecular
data compilation [3], [4]. The wavelength
dependencies of electronic transition strengths for
various electronic bands of diatomics included in
calculations, Franck-Condon factors were taken from
[5], [6] or were calculated by using appropriate codes.
The absorption cross sections of bands for which the
experimental data were absent were calculated by
using of the just-overlapping lines approximation.
We have calculated spectral opacity tables for
some recognized types of cosmic H-, LL-, C1chondrites and cometary matter bodies. The chemical
composition taken into account in those calculations
is based on the extended system of 16 chemical
elements:
Fe-O-Mg-Si-C-H-S-Al-Ca-Na-K-N-CrMn-Ti-Ni. Similar spectral opacity tables of the
Martian soil vapor based on chemical rock analyses
[7] were also generated.

1000
100

V = 20 km/s
1

V = 11 km/s

2
10

3
1

1

10

100

Time, ms

Fig. 1
In Fig. 1 time dependencies of total flux
densities trough the horizontal area spaced at the
distance of 20 m from the center of crater created
after the vertical impact of 1 m in radius stony
projectile striking the ground surface at 11 and 20
km/s are given. Time integrated flux densities are
small enough namely 1.52 J/cm2 and 1.39 J/cm2
respectively.
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Fig. 2
The maximum deposit of radiation belongs to
visible range of wavelengths in the beginning of
impulses and it belongs to the infrared ranges of
wavelengths in the end of impact impulse. In Fig.2
the radiation spectrum (ϕε)i in visible range of
wavelengths (ε = 1.7 – 3.2 eV) corresponding to the
maximum flux density noted by the point 1 in Fig.1 (
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t=1 ms, V =20 km/s) is shown. The radiation
emission process is very complicated. The role of
lines in optical properties both of the Martian soil
vapor and of the Martian air is important.
R = 1 m, V = 20 km/s, t = 1 ms
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vapor layer near the surface emit. The radiation of the
middle part of vapor with the temperature of about
0.4 eV is screened by Martian air.
As one can see from Fig. 1 the durations of
radiation impulses in the cases under consideration
are about 100 ms.
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The emitted radiation is essentially nonisotropic.
To understand what part of disturbed region emits we
analyzed the spectral directionality diagrams
depended on the wavelength range. In Fig. 3 the
diagram ψi for the visible range of wavelengths is
presented (point 1 in Fig.1). In this Fig. Martian air
and the Martian soil vapor temperature distributions
are also presented. The main part of radiation belongs
to the region inside the shock wave. Internal part of
the disturbed region is opaque. The atmospheric gas
mainly screens radiation emitted by the Martian soil
vapor.
R = 1 m, V = 11 km/s, t = 10 ms

ε = 1 - 1.7 eV

Height, m

40

90 o

30

60 o

β

20

30 o
10
0o
20

0

10

20

Radius, m

0.4

0.2

30 o

0

Radius, m

Temperature, eV
0.6

10

0.0

-1

-2

-3

-4

-5

-6

90 o

ψi

Log Density, g/cm 3
0

60 o

α

1

0.25

0.063

0.016

0.0039

0

Fig. 4
In Fig. 4 the directionality diagram ψi in infrared
range of wavelengths and corresponding Martian air
and Martian soil temperature and density distributions
are given (point 2 in Fig. 1). In this case the relative
deposit of the visible radiation is decreased and the
relative deposit of infrared radiation (ε = 1 – 1.7 eV)
is increased. Here the observation point is disposed
near and under the disturbed cloud. Mainly the shock
compressed Martian air from above and narrow dense
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In Fig. 5 the directionality diagram ψi in the far
infrared range of wavelengths and Martian air and
Martian soil temperature and density distributions are
presented (point 3 in Fig.3). In this case the
observation point is displaced inside the disturbed
region. The maximum radiation emits in the range of
wavelengths of 0.124 – 1 eV. The diagram is
essentially differs from previous ones. The radiation
emitted by the Martian air is almost isotropic at the
azimuth angles from 30o until 90o and over the all
angles in horizontal direction.
So main features of the directionality aspect of
emitted radiation are connected with the shielding
action of dust curtain around the hot ascending cloud.
The role of radiation is increased with meteoroid
size growing.
The work was supported by NASA Grant NRA-98
OSS-08-JURISS
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ELEMENTAL COMPOSITION OF THE FINE-GRAINED FRACTION FROM
CHONDRITES OF DIFFERENT CHEMICAL GROUPS.
A.Yu.Lyul, Z.A.Lavrentjeva and G.M.Kolesov. V.I.Vernadsky Institute of Geochemistry and
Analytical Chemistry, RAS, Moscow.
Trace element content in chondrite matrix
puts a strong constrains on nature and origin
of that major component of meteorites [1,2].
This data are also very important for the
chondrite formation models and nebular
element fractionation processes [3,4], as well
as for temporal and spacial scales of
chondrule formation [5.6]. In order to better
characterize
the
chemistry
of
the
interchondrule material, the elemental
composition of the fine-grained fraction
(<45µm) «matrix»» from chondrite of
different chemical groups was obtained by
repeated crashing of meteorite non-magnetic
portions with the following sedimentation in
alcohol.
Results. The INAA data as summarized in
Table show that all chondrite fractions have a
similar composition with the exception for
Na and Se depletion in carbonaceous and
ordinary ones, respectively. Some additional
characteristics of these fraction elemental
compositions should be noted when
comparing with bulk composition chondrites
of the same group .
A distinct fractionation between lithophile
and siderophile elements are observed in
fine-grained material of E-chondrites.
Independently from the petrologic type of
chondrites, fractions are enriched (relative to
bulk) in lithophilic Na, Cr, Sm, La,Sc by
factors of 1.1 - 3.9, while depleted in
siderophilic Ni, Co, Au, Ir, Ga (0.7-0.4) and
in Fe (0.3-0.6). Moreover, high concentration
of La is observed in samples with high
concentration
of
Na.
Simultaneous
enrichment with these elements, as well as a
La/Sm fractionation, can be explained by the
presence of the La,Na-bearing components
(perhaps sulfides) in matrix of the Echondrites. Fine-grained chondrite fractions
differ a lot not only in concentration of

siderophile elements (due to different
content of metal), but also in characteristics
of their fractionation trends, namely,
similarities at 10-15% level of Ni/Co,
Ni/Au, Ni/Ir ratios in EL-chondrites, and
considerable differences in these ratios in a
unequilibrated EH-chondrite. Distinction in
the fractionation trends of siderophile
elements can be associated by theirs
redistribution between different phases of
meteorites during metamorphism.
The abundance of lithophiles and Fe in
fine-grained material of ordinary chondrites
is independent from chemical group or
petrologic type of ones. The enrichment
factor of lithophile elements varies in the
range of 1.2-0.8. Larger depletion in Fe (at
level 0.6) is found only in Grady H3. Large
variations of siderophile elementon
concentration in fine-grained fractions of
chondrites and fractionation between them,
especially between Ni and Co, are
explained by different metal contents in the
samples, redistribution of elements between
kamacite and taenite as well as with
dependence of kamacite/taenite ratio from
the grain size [2]. The reason of Ir
enrichment relative to other elements is its
presence also in silicate phases of
chondrites. The analyzed data shows that
chondrite fine-grained material as well as
chondrules, were formed from precursors of
similar compositions and depleted in metal.
One
of
the
more
significant
characteristics of elemental composition of
carbonaceous
chondrite
fine-grained
material may be the fractionation between
refractory
and
moderately
volatile
lithophilic elements. Decrease of Na/Sc
ratio from CM2 to C4 chondrites is
observed also in investigated fractions.
Also, the fine-grained fractions, likewise to
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C-chondrites, have constant Ni/Co and Fe/Cr
ratios similar to CI-chondrites. Depletion of
Kainsaz and Allende matrix-rich fractions in
refractory Sc and Ir is caused by presence of
these elements in numerous diverse
refractory inclusions of chondrites. In
carbonaceous
chondrites
fractionation
between siderophile elements is weaker than
in chondrites of other groups. One of the
exceptions is depletion in Co and Ni of
Kainsaz fraction due to low concentration of
metal in the interchondrule material. It is
supposed, that the absence of siderophilic
element fractionations according to volatility
provides evidence for formation of rich
refractory metal phases in the distinct region
of solar nebula.
Conclusion. The data obtained show that
the fine-grained fractions of chondrites
different chemical groups differ mainly not
in composition, but in element fractionation

trends. Depletion of siderophile elements is
a common characteristics of the chondrite
fine-grained material and chondrules that
may be connected with their origin from the
precursor depleted in metal after formation
of major .nebular components responsible
for whole-rock composition.
REFERENCES.
1. Alexander
C.M.O’D.,
Geochim.
Cosmochim. Acta, 59(1995)3247-3266. 2..
E.R.Rambaldi et al., , Earth,. Planet. Sci.
Lett, 56(1981)107-126. 3. Larimer J.W.,
Anders E., Geochim. Cosmochim. Acta,
31(1967)1239-1270. 4. Wasson J.T.,
Kallemeyn G.W., Phil. Trans. Roy. Soc.
London,, A325(1988)535-544.
5.Rubin
A.E., Wasson J.T., Geochim. Cosmochim.
Acta, 52(1987)1923-1937. 6. Kong P.,
Palme H., Geochim. Cosmochim. Acta,
63(1999)3673-3682.

Table. Element concentrations in the fine-grained fractions of chondrites.
(Na, Cr, Ni and Fe in mg/g, other elements in µg/g)

Chondrite

Na

Cr

Sc

Sm

Fe

Adhi Kot EH4*
Atlanta EL5**
Pilistfer EL6***

10.9
8.60
12.6

3.47
6.57
6.43

6.5
8.5
9.8

0.22
0.19
0.45

76 0.61
142 12.5
95 1.43

Parnallee LL3
Grady H3
Saratov L4
Ochansk H4
Sevryukovo L4
Elenovka L5
Kunashak L6

8.46
7.38
5.91
6.77
8.25
6.71
6.70

3.62
3.89
3.32
3.35
4.28
3.93
3.65

10.3
8.2
6.7
8.2
8.0
7.8
6.8

0.19
0.19
0.23
0.25
0.23
0.14
0.16

155
176
210
228
208
175
201

Mighei CM
4.87
Kainsaz CO
4.65
Allende CV
3.74
Coolidge C4
1.58
*
La - 0.80

3.42
4.15
3.79
3.36

7.4
7.5
8.2
8.9

0.28
0.31
0.30
0.22

221
260
266
250

**
***

La – 0.26
La – 0.75

Ni

Co

Ir

Au

Ga

Se

32 0.16
362 0.26
48 0.032

0.14
0.11
0.013

6.8
5.1
4.9

22.4
26.7
44.3

2.71
13.3
17.8
3.34
15.9
0.94
15.8

85
157
145
480
318
25
620

0.15
0.65
0.91
0.78
1.47
0.16
0.95

0.04
0.14
0.21
0.15
0.34
0.06
0.18

6.1
4.8
7.6
8.8
7.6
6.0
8.1

10.3
9.8
5.9
8.9
8.3
8.8
7.1

12.5
6.8
15.5
13.3

640
260
740
680

0.65
0.66
0.74
0.73

0.19
0.15
0.13
0.12

5.6
6.6
8.5
6.5

21.5
13.7
12.4
16.5
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SWEEP-UP OF DUST PARTICLES BY GRAVITATING PLANETESIMALS IN THE GASEOUS SOLAR
NEBULA AND JOVIAN SUBNEBULA AND RELATED FRACTIONATION. A.B. Makalkin, Institute of
Physics of the Earth, RAS., B.Gruzinskaya 10, 123995 GSP-5, Moscow, makalkin@uipe-ras.scgis.ru
It is known from models of settling of aggregating
dust particles to the equatorial plane of the gas-dust
solar nebula [1] that the process proceeds nonhomogeneously. The largest aggregates (with radius rp
∼ 1 cm) reach the vicinity of the equatorial plane in ≈
0.5×104 years (for the 1AU radial distance) and form
the dense dust layer there, while smaller particles are
still almost homogeneously distributed throughout the
whole thickness of the gaseous disk. During next 105
years aggregates in the dust layer form dust
condensations (through the gravitational instability),
then km-sized planete-simals, thereafter the
planetesimals grow to 10-100 km-sized bodies [2].
Meanwhile the particles of radius rp < 10-2 cm need
more than 105 years to settle to the equatorial plane.
Hence after 105 years small dust particles and large
gravitating bodies coexist in the cooling solar nebula,
where condensation of volatiles proceeds. There is an
analogous picture in the Jovian subnebula., though
with different time scales. Sweep-up of dust particles
by large bodies in the gaseous nebula depends on
particle sizes and can give rise to fractionation of the
bodies.
Consider the motion of dust particles near large
bodies with regard to the gas drag and gravitation of
the bodies. The equation that expresses the motion of a
dust particle to a gravitating body of mass m b is
r
r
r
d2r
1  dr r  Gm br
=
−

−
v

−
,
(1)
r
g
3
dt 2
τ d  dt

r
r
where r is the radius-vector of the particle relative to
the center of mass of the body, τ d is the response time
of the particle to the force exerted by the gas drag,
r
v g = vg (r ) is the gas velocity. The time scale d for
small particles has the form d= srp / c s, where is the
diameter of the particle, is the gas density, s is the
particle’s density, and cs is the sound velocity in the
r
gas. Far from the body (at r >> rb ), the particle moves
with the gas at the velocity vg. If the body moves in a
circular orbit with the Keplerian velocity VK , the
relative velocity of the body and the particle is
∆v = Vk −v g ≈ c2s / VK . However the large body has a
mean velocity vb relative to VK , which depends on the
largest body in the bodies’ swarm and is equal to
v b = (Gmb1 /θrb1 )1/2 , where mb1 and rb1 are the mass
and the radius of the largest body, and
is the
Safronov number: = 1-10 [2]. Thus the total value of
the initial relative velocity of the body and the particle
is V∞ = (∆v 2 + v 2b )1 / 2. An estimation of the sweeping

condition can be expressed by simple relations for the
first stage, when ∆v >> v b , and for the second stage,
when ∆v << vb. The above inequality for the first stage
is fulfilled for rb1 < 200÷500 km for the terrestrial zone
of the solar nebula and rb1 < 400-1000 km for IoEuropa formation zone of the Jovian subnebula. For
this stage the critical value c of the ratio of particle
and body radii = rp /rb can be obtained. For << c
the collision cross-section is much lower than the
geometrical one; that is a particle does not fall onto the
body, but flow round it with the gas. For > c the
collision cross-section is greater than the geometrical
one. From eq.(1) it can be shown that
ζc = min(ζ 1, ζ2 ),
ρ VK
ρ c3s rb
ζ1 =
, ζ2 =
,
(2)
ρp cs
ρ p VK Gmb
where G is the gravitational constant. For the terrestrial
zone of the solar nebula it follows from equations (2),
that c ≈ (1-3)×10-8. For the Io-Europa zone of the
Jovian subnebula we obtain c ≈ (0.3÷1)×10-4. From an
estimation for the solar nebula it follows, that large
bodies with radii rb ∼ 10÷100 km, containing most of
the bodies’ mass at the first stage, can sweep up only
rather large dust particles and aggregates with rp ≥ 10-2
cm. For the Jovian subnebula the bodies with rb ∼10100 km can sweep up only very large aggregates with
rp ≥ 10 cm.
The second stage begins when the radii of largest
bodies become rb1 > 200÷500 km and rb1 > 400-1000
km (for the terrestrial and Io-Europe zones
correspondingly). For this stage we obtain the critical
particle radius rpc for collisions with a large body of
radius rb . The collision cross-section is much lower
than geometrical one at rp << r pc , and higher than that
when rp > r pc. The value of the critical radius rpc is the
following
rpc = min(r1 , r2 ) ,
2 σρ1R / 2
−1 / 2
r1 = r3θ 1/2
, r3 =
. (3)
1 , r2 = r3 θ1
π ρ pρ 1/2
b
Here 1 = rb2/rb12 , σ is the surface density of the
gaseous solar nebula or the Jovian subnebula, b is the
density of the large body, R = 3Mc // 4 R3 is the Roche
density, Mc is the mass of the central object (the sun or
Jupiter), R is the radial distance from the object for the
zone under consideration. Equations (3) give r3 ≈ 0.4
cm for the terrestrial region of the solar nebula. This
yields the critical radius of particles rpc ≈ 0.1-04 cm for
collisions with the largest bodies, rpc ≈ 0.04-0.1 cm for
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collisions with the bodies of radius rb = 0.1rb1 , and 10
times lower rpc for collisions with the bodies rb = 0.01
rb1 ∼10 km. For the Io-Europa region of the Jovian
subnebula we get r3 ≈(4-8)×103 cm, using surface
density
from the model of subnebula [3], that
satisfies the mass constraint imposed by masses of
Galilean satellites. This yields rpc ∼ 1-10 m.
From the above estimates one can see, that in the
terrestrial region of the solar nebula during the first
stage (defined above) the planetesimals (most of them
are 10-100 km in size at this stage) can sweep up only
rather large dust particles rp ≥ 10-2 cm). Smaller
planetesimals ( rb ∼1-10 km), which can sweep up finer
dust ( rp ∼10-3 cm), contain only about 10% of the total
mass of planetesimals at the power-law mass
distribution. Moreover, from the accumulation theory
[2] it follows that the first stage lasts for a few 105
years. The fine dust has no time to settle to the
equatorial plane in the turbulent gas of the nebula
during this stage [1, 4] even in the case of moderately
low turbulent velocities corresponding to the viscosity
parameter α∼10-3, characteristic for protoplanetary
disks around young solar-type stars. The sweep-up of
the dust particles can occur only in an equatorial layer,
where the planetesimals move. The layer is 100 times
thinner than the gas-dust solar nebula itself. Hence the
sweeping up of the dust particles is not effective in the
terrestrial zone of the solar nebula during this stage. -Analogous estimates for the Jovian subnebula yield
even lower effectiveness for sweeping up of the dust
particles by the large bodies.
At the second stage ( rb1 > 500-1000 km) the
sweep-up of small dust particles (rp ≤ 10-2cm) in the
solar nebula is effective only for rather small
planetesimals (rb ≤ 10km). According to accumulation
theory, such planetesimals cover ≤ 10% of the total
mass of preplanetary bodies in the terrestrial zone at
this stage. As shown above, the larger bodies can
sweep up 0.1-1 cm-sized particles. The problem
concerns the abundance of these rather large particles,
which depends on the efficiency of sticking of particles
at their collisions. This abundance is probably rather
low for cm-sized particles. Anyway, at the second
stage the sweep-up of dust particles would be more
effective than at the first stage.
Due to much higher density of the Jovian
subnebula, the situation there is quit different. A
growing satellite can sweep up a particle, if the radius
of the latter is larger than rpc ∼1-10 m. The sticking
mechanism to grow particles to such huge sizes is
unknown yet. Hence sweeping up of dust particles by
pre-satellite bodies in the Io-Europa zone of the Jovian
subnebula should be highly ineffective at this stage.
The total reaction surface of dust particles sp is
much larger than that of the large bodies sb. As can be

easily shown, the inequality sp / sb.>>1 fulfils for rb≥
10 km and rp=10-3 cm, if the ratio of masses of
particles and bodies in any zone of the solar nebula (or
Jovian subnebula) is higher than 10-8. This inequality is
certain to be fulfilled during the whole gas-rich (and
possibly also gas-depleted) stage. Hence condensation
of more and more volatile elements should
predominantly occur on the dust particles. As
planetesimals sweep up small dust particles with very
low effectiveness, a major part of small particles,
enriched in volatiles, drift with the gas and through the
gas to the central object (the sun or Jupiter). Hence the
low effectiveness of sweep-of dust particles give rise
to the depletion of growing planetesimals in volatiles.
This effect may be in particular responsible for the
depletion of the Earth in Na, K, Rb, F, Zn, other
moderately volatile elements and in many of more
volatile elements, including sulfur. The reason is that
the lowering temperature in the Earth formation zone
of the solar nebula reaches the level of condensation
temperatures of alkaline metals (about 1000 K) in a
time about 106 years, when already rather large
planetesimals exist. Therefore the effect considered in
this paper, should work for these and more volatile
elements.
This research was supported by the RFBR grant 0105-64318.
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LUNAR RINGS IN SOUTH AFRICA. G.F.Makarenko. General Physics Institute RAS, 119991, Vavilov str.38,
Mosc., RF, e-mail: mkrn@kapella.gpi.ru, www.gpi.ru/~mkrn/lpsr
Recently [1,2] I have revealed the basic property of
planet Earth’s
outer shell – its axial structural
symmetry. Thus, it became clear that mobilistic models
are void now. In the center of the scheme-map for both
hemispheres (Fig.1) one can see W.Indic and E.Pacific
ridges. They stretch northward to Urals (variscan) and
Cordilleras (laramian) with the edge of Bear zone
(precambrian) in America. Other structures are obvious.
The giant fault-ridge line Apsheron - N.Anatolia - Atlas
- Mavritanians has as its twin on the other globe side the
fracture zone Mendocino with the Mapmaker island
chain. African Ugartha has Hawaiians as its twin, rifts
Chad-Njassa have as their twin island chain Line in
Pacific etc. We can compare the Earth with its
permanent structural symmetry with other planets.
Lunar and earthen tectonic megaforms: Imbrium ,
Oriental Mare and other have identical positions on
their planets. It is evident if planet’s 0-meridians are
matched [1,2].

On lower Fig. a part of South Africa is matched with
the lunar rings, beams and furrows (lines [3]). Their
places in earthen and lunar degree-nets are the same.
Lunar big rings have their places on the African old
blocks. Tanganjica massive coincides with risen lunar
region. Rodezian block with parts of Kibara,
Lomagundy, Limpopo zones coincides with lunar Maria
Nectaris and with their nearest rings. SW edge of these
rings coincides with lunar Rupes Altai. Young structure
of Kalahary desert coincides with risen block, its centercrater Delambr. Young ocean earthen structures have
lunar images also. NW edge of Fecundidatis Maria and
its floor coincides with Somali abissal plane, Davie
ridge - with lunar Montes Pyrenaeus (40 E meridian),
etc.Long lakes Tanganjica and Njasa have clear places
– In the margin and in the center of lunar rings. Round
Flat lakes coincide with craters: Victoria = Cenzorin

(0,5S;33,5E), Leopold = Delambr (2S;18E), Bangveulu
= Medler with the rays (2S;25E), Mveru = Crater no
named (9,5S;24E). Go to details.
Complicated structural lines of oldest Africa (F.
Upper [4], small rings – minings) we compare with the
edgesof primitive lunar craters and rings on lower Fig.
(moon – dotted, traits – land’s margins). Crater Isidor
and its surrounding are repeated in Tanganjica massive ,
to the E of Ubendi zone and to SE of Dodoma block.
Large craters Teophill and Kirill lie down on arc of
Katanga fold zone. Crater Katarina is not clear in
earthen structure, since it stretched in desert region
Okovango -Kalachary. East edge of Frakastoro is
repeated by the African margin. Small craters Bomon
and Poliby are repeated by earthen structural forms.
Svaziland region (earthen lines not shown intentianally)

G.F.Makarenko, Lunar Rings In South Africa.
coincides with complex unnamed lunar crater, to the
North of Piccolominy). Chance nature of all denoted all
denoted
coincidences
is
impossible.
Mining
geochemistry has shown (1974 in [5] ) that the zone of
S.Africa is stable from Ar to Q, and is stable in the
Earthen globe. Now it is evident. Resume. The matrix

of earthen tectonic forms is drown on the Moon. The
forms are renovating in the cycles on their own planet
places. They are grupped by “geosycline waves” in
different manner or are masked under young layers.
Question. Why 0-meridians of the Moon (center of its
disk) and of the Earth (decision of astronomers, 1884)
have the same position to tectonic structures of their
planets?
[1] Makarenko G. (1997) Periodicity of basalts…
Mosc. Geoinformmark, 96 p. (Rus.). [2] Makarenko
G.F. (2000) Basic property of earthen shellPreprint
IOFRAN,30p.[3] Comlet lunar map (1979). [4]
International digital metallogenic map of Africa (1999).,
[5] Baskina V.A. (2001) Neogeian tectonic…Moscow,
GEOS, pp.28-31, (Rus.).
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GENETIC TYPES OF THE SOLAR SYSTEM PLANETS AND THEIR EXTRASOLAR ANALOGS. A. A.
Marakushev and O. V. Chaplygin, Institute of Experimental Mineralogy (IEM RAS, 142432 Chernogolovka, Moscow Region, Russia; Email: o.chaplygin@lycos.com).
Entire variety of the solar system planets, their satellites and analogs of terrestrial proto–planets of other
star systems revealed at the present time [1, 2, 3, 4 etc.]
is represented in fig. 1. Giant fluid planets which massiveness increases with the approach to the Sun (Neptune and Uranus – Saturn – Jupiter) play the main role.
This regularity is shown on the diagram by an arrow
pointing at giant planets of other star systems. With the
approach to the star fluid planets become large enough
to radiate much energy from gravitational contraction
(but not enough to sustain nuclear fusion) which turn
them into the brown dwarfs.

the iron–silicate cores and fluid envelopes. This layering was accompanied by high–spin motion of envelopes of the planets which resulted in separation of
fluid–silicate satellites under the action of centrifugal
forces. In the most developed satellite system that of
Jupiter (fig. 2) the mean density of massive satellites
rises 3with the approach to the iron–silicate core
(g/sm ): 1.8 (Callisto), 1.9 (Ganymede), 3.1 (Europa),
3.5 (Io), 4.5 (density of the core calculated to zero
pressure). This reflects close relation in formation of
the iron–silicate core and satellites which circle Jupiter
in its equatorial plane in regular orbits. However the
outermost group of four small Jupiter satellites, as well
as Phoebe of Saturn, Caliban and Sycorax of Uranus
are actually in retrograde rotation, which requires special explanation. These satellites seems to relate to the
earliest stage of the Jupiter's evolution, when the accretion disk of icy planetesimals which preceeded the
Jupiter formation was developed by disk instability
mechanism. That disk had its own rotation. Pluto –
Charon system looks like an embryo of such kind of
accretion disks from which giant fluid planets began to
form. Pluto and Charon rotate at a distance of 19400
km from each other around the common center with
the period of 6.32 days. The Pluto – Charon system
compared to Uranus satellite system (fig. 3) show its
fundamental difference.

Figure 1. Planets of the Solar system and their satellites in comparison to the extrasolar planets. 1 – the
Sun and analogous stars; 2 – brown dwarfs; 3 –giant
fluid planets; 4 – terrestrial planets; 5 – the Moon,
galilean satellites, Titan and Triton; 6 – supposed lost
satellites of proto–Earth and proto–Mercury; 7 – Pluto.
MJup – mass of Jupiter; AU – astronomical unit. Normal growth of the massiveness of planets with the approach to the stars is marked by an arrow, the decrease
of their massiveness as a result of the surface degassing under the action of the stars is shown with
connodes.
Giant fluid planets were accreted from icy
planetesimals of helium–hydrogen composition, similar to that of the sun, in the inner part of the solar system (Jupiter, Saturn), and mainly aqueous, silmilar to
cometary environment, in the outer part (Uranus,
Neptune). Pluto and Charon also related to this
cometary environment. Unlike comets and Pluto which
preserved their primitive frozen state planets have concentrated enormous masses sufficient for their gravitational compression, complete melting and layering into

Figure 2. The diagram of correlation between density (recalculated to zero pressure) and orbital position
of the Moon and Jupiter's galilean satelites. 1 – the
Earth; 2 – the Moon; 3 – iron–silicate molten core of
Jupiter; 4 – galilean satellites.
Planetary satellite systems as mentioned above appear as a result of high–spin motion of gigantic fluid
envelopes of planets, created by impulsive separation
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of their heavy molten cores. Neptune's envelope had
direct and reverse revolution, which confirmed by the
presence of Triton with the mass of 2.15·1025 g, a density of 2.10 g/sm3 and a diameter of 2705 km. Triton
moves on circular orbit with a radius of 355300 km
orbital period of 5.88 days in the direction reverse to
the revolution of Neptune, its rings and set of small
satellites located on close (Proteus – 117600 km) and
remote (Nereida – 5510000 km) orbits. Therefore, on
the early stages of its development Neptune revolved
in the backward direction and Triton which showed
later high volcanic activity separated from it.
Thus all satellites which move in retrograde ortbits
relate to the early stages of development of their parental planets.
The Sun as well as stars analogous to it were
formed similarly to the planets by accumulation of
helium–hydrogen planetesimals. Much lower temperature in the center of the nebular disk ensured massiveness of the Sun incomparable with that of the planets. As Sun reached the state of the star (hydrogen fusion reactions began to occur) it actively influenced on
nebular disk, causing the migration of helium and hydrogen from interplanetary space and from fluid envelopes of near–solar planets. This effect can be traced
also in the stellar multiplanet systems as decreasing of
planet massiveness with the approach to a star which
on the diagram (fig. 1) is shown by connodes. Thus
according to the data [4] with the approach to a star of
Upsilon Andromedae the fluid giant planets surrounding it become less massive (MJup – Jupiter's mass): 4.6
MJup (2.5 AU), 2.1 MJup (0.8 AU), 0.7 MJup (0.06 AU).
The effect of surface degassing of giant planets under
the action of solar wind can also be traced in an increase of their mean density (g/sm3) moving from Saturn (0.69) to Jupiter (1.33), which reflects the loss of
hydrogen by Jupiter. Near–solar giant planets completely lost their fluid envelopes, being transformed
into earth–type planets. As before degassing they were
iron–silicate cores under serious fluid pressure of their
parental protoplanets earth–type planets concentrated
huge fluid reserves in their molten iron cores which
ensured the endogenic activity of the planets (volcanism, etc.). The Earth's activity lasts already for 4.6 billion years. Explosive nature of fluid activity of the
planets clearly appeared in their primitive (chondrite)
types, which were subjected to explosive disintegration
and formed an asteroid belt (the main source of meteorites). Natural remanent magnetization of asteroids
(Gaspra) and meteorites (chondrites) is clear evidence
of their formation as the fragments of the planets. With
the loss of fluid envelopes the earth–type planets also
lost their satellite systems (only the Moon, Phobos and
Deimos remained). The lost satellites inherited planetary orbits to some extent and formed the appropriate
asteroid families of Amur (Mars), Apollo (Earth), Athens (Venus) and Icarus (Mercury).

Correspondence of the Earth – Moon and
iron–silicate core of Jupiter – Io systems (fig. 2) indicates their similar origin, in spite of large age difference (the Earth – Moon system is one of the oldest in
the solar system)
The detection of extrasolar analogs of terrestrial giant protoplanets (fig. 1) became the additional confirmation of uniform origin and development on the earliest stages of all planets of the solar system and their
satellites [5, 6].
As a result of surface degassing near–solar protoplanets turned into the earth–type planets, which stellar
analogs cannot be distinguished from the Earth.

Figure 3. Scheme of internal structure of Uranus
(diameter 51800 km) layered into the molten
iron–silicate core and fluid envelope, its satellites –
Miranda (235 km), Ariel (580 km), Umbriel (585 km),
Titania (799 km) and Oberon (770 km) compared to
the Pluto (2320 km) – Charon (1270 km) cometary
system.
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EXPERIMENTAL EVIDENCE OF THE PHOBOS MAGNETIC FIELD.
V.G.Mordovskaya1 V.N.Oraevsky, V.A.Styashkin and J.Rustenbach2, 1Institute of Terrestrial
Magnetism, Ionosphere, and Radiowave Propagation (IZMIRAN), Troitsk, Moscow region,
142092 Russia, mail:valen@izmiran.rssi.ru, 2 Max-Plank-Institut fur extraterrestrische Physik,
Labor Berlin, Rudower Chussee 5, 12489 Berlin.
Introduction: In March 1989, the "Ph obos-2" approached to Phobos at the distance
of 180-400 km and was placed on a "quasisynchronous" orbit. Aboard the spacecraft the
magnetic field measurements were carried out
by the two magnetometers FGMM and
MAGMA. The description of the devices and
the first results can be found in [1]. We will
consider the events at time of the approaches
of the satellite (CA) to Phobos up to 180 km
from the dayside. Each time the magnetometers marked the distinct disturbances of the
magnetic field. We could see either structured
disturbances with the peculiarities or simple
disturbances of the magnetic field. The effects of local depression of a magnetic field
near to an orbit of movement of Phobos were
considered in the work [2]. Mordovskaya
et.al. [3] pointed out the existence of the
magnetic obstacle near Phobos.
The magnetic field of Phobos: The amplitudes and the directions of the magnetic
field vectors are given on fig.1 in the plane of
the ecliptic for the characteristic disturbances
of the magnetic field . The axis X is directed
to the Sun. Each vector of the field here is the
tangent, going through the point of the trajectory at the moment when the measurement
was made there, toward the force line of the
magnetic field. The arrows show the location
of the Phobos magnetopause. We shall make
use of the magnetic field vector between the
arrows for reconstruction of the Phobos magnetosphere. In fig.2 some model of the Phobos magnetosphere relevant to this case is
shown.

We shall make the estimations of the field
value on its surface. Assuming dipole character of the magnetic field of Phobos Hph , it
is possible to calculate its value on the Phobos surface by two independent ways from
experimental data. Firstly, we are able to calculate its value by using the measurements of
the magnetic field from 18:55 until 19:40 on
24 March 1989. H ph =0.57Gauss. Secondly,
we are able to calculate the magnetic moment
M’ out of the equation of the balance of pressure of the solar wind and the pressure of the
dipole field of the planet on the magnetopause, and then the magnetic field of Phobos
on its surface: Hph =0.6Gauss. We have received the same value.
The conclusion: In summary, we shall
sum up of the considered results received by
the magnetometers during the expedition
"Phobos-2". Phobos has the magnetosphere.
The distance from Phobos up to the subsolar
point of its magnetosphere is about 13-16 radiuses of Phobos. Phobos has the own magnetic field. Calculated value gives 0.6 Gauss
in the dipole approximation on its surface. Its
steady anisotropy is observed.
Now the origin of the magnetic field of
Phobos is not known. As the density of Phobos is 2g/cm3 , it seems reasonable to assume
two things for the explanation. 1. The Phobos
is non-uniform. There exists an immense
piece of a magnetic material. 2. The Phobos
consists of small pieces of a magnetic material in a low density filler.

V.G.Mordovskaya et. al., Experimental Evidence Of The Phobos Magnetic Field.
The magnetization of Phobos substance is
0.15 CGS. There are some meteorites with
the magnetization up to 3 CGS [4].
References: [1] Riedler W. et al. (1989)
Nature, 341, 604. [2] Mordovskaya V.G.,
Oraevsky V.N. and Rustenbach J. (2001)
Kosm.Issled., 39, N5. [3] Mordovskaya V.G.,
Oraevsky V.N. et.al. (2001) JETP Lett., 74,
N6. [4] Gus'kova E.G. Magnetic properties of
meteorites, M.: Nayka, 1972.

Fig.1 The amplitudes, the direction of vectors of the magnetic field (Bx, By ) and the
CA trajectory are given in the centric coordinate system of Phobos.

Fig.2 The model of Phobos magnetosphere
deduced from the Phobos data is shown.
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SPACE WEATHERING FROM THE MOON TO MERCURY AND THE ASTEROIDS. S. K. Noble and C. M. Pieters,
Brown University. Dept of Geological Sciences, Providence RI 02912. noble@porter.geo.brown.edu
Introduction: Space weathering processes are known to
be important on the Moon. These processes both create the
lunar regolith and alter its optical properties [1,2,3]. Like the
Moon, Mercury and the asteroids have no atmosphere to
protect them from the harsh space environment and therefore
it is expected that these bodies will also incur the effects of
space weathering [3]. However, there are many important
differences between the environments of Mercury and the
asteroids compared to the Moon. These environmental differences will almost certainly affect the weathering processes
and the products of those processes. Understanding these
weathering processes and their consequences is essential for
evaluating the spectral data returned from missions such as
MESSENGER.
Asteroids: In the asteroid belt collisions are on average
slower, so micrometeorite bombardment will cause less total
vaporization than on the Moon. Also, as the distance from
the sun increases, the solar wind particle flux decreases,
which means less sputtering and implantation should occur.
Finally, the smaller size and lower gravity of these bodies
means that, in general, asteroidal regoliths should be thinner
and younger than lunar regoliths.
Despite these factors, there is a growing body of spectral evidence that indicates space weathering influences some
asteroids enough to affect their optical properties. Binzel et
al. [4] have identified near Earth asteroids with spectral
properties covering the range from S-type to spectra similar
to those of OC meteorites, suggesting an ongoing process is
occurring that can alter the spectra of OC material to look
like S-type asteroids. There is also evidence of regolith alteration from Galileo’s flybys of Gaspra and Ida showing
spectral differences at fresh craters, as well as evidence from
NEAR [5,6]. Our recent work, which illuminated the effects
of npFe0 on the optical properties of lunar soil grains, has
demonstrated that the spectral properties of S-type asteroids
directly mimic the effects predicted for small amounts of
npFe0 on grains of ordinary chondrite regolith [1]. These
results predict that formation of npFe 0 -rich weathered rims
that are commonly found surrounding individual soil grains
will occur on asteroids as well.
Preliminary studies have begun to investigate whether
or not the delicate rims can survive the lithification process.
Basu et al. [7] de-lithified a lunar regolith breccia (10068)
using a freeze-thaw technique. Vis/NIR spectra were taken
of the de-lithified breccia and compared to the spectra of
mature lunar soil 10084. The spectra display the same characteristic continuum of weathered soils – red sloped with
little spectral contrast. This was interpreted as evidence that
the weathering products, particularly the rims containing
npFe0 , were not destroyed during lithification. Initial TEM
studies of the de-lithified lunar breccia confirm that weathered rims and their associated npFe0 can be preserved intact
through the lithification process (figure 1). Thus if npFe0 is
created in asteroid regoliths, we can expect it might be preserved in regolith breccia meteorites. Detailed TEM studies

of meteorite regolith breccias should reveal to us these
weathering products, if they exist.
grain
rim

npFe0
epoxy
300nm

Figure 1. TEM bright field image of de-lithified 10068
showing the npFe0-rich rim surrounding a grain.
Mercury: Because of its proximity to the Sun, Mercury
has a flux of impactors 5.5 times that of the Moon [8]. This
flux coupled with its greater density makes Mercury more
efficient at creating melt and vapor. Per unit area, Mercury
will produce 13.5 times the melt and 19.5 times the vapor
than is produced on the Moon [8]. Mercury has a magnetic
field that will protect its surface from charged particles, reducing the solar wind flux at the planet by a factor of 160 vs.
the lunar environment [9]. The combination of these factors
then means that melting and vaporization due to micrometeorites will dominate space weathering on Mercury with little
or no solar wind sputtering effects [3]. Furthermore, agglutinitic glass-like deposits and vapor deposited coatings
should be created faster and more efficiently on Mercury.
The nanometer-scale metallic Fe particles (npFe0 ) that
are ubiquitous in the rims and agglutinates of lunar soil [10]
should also be present on Mercury. In the lunar case formation of npFe 0 in rims is largely derived by vapor fractionation
and sputtering of local FeO-bearing material. Neither process requires a H-saturated surface [3]. Even for the endmember case where the surface of Mercury has no native
FeO, the iron brought in by meteorites would be sufficient to
make the formation of npFe0 through vapor fractionation an
important process on the planet. Amounts as small as 0.05wt
% npFe0 is enough to affect the optical properties [2]. The
size distribution of metallic Fe particles in a soil strongly
controls the effects on the Vis/NIR spectrum. The smallest
particles (<5nm) will tend to redden the soil while larger
particles (>10nm) will cause darkening [11,12].
The Mercurian environment is characterized by an extreme temperature range. Due to its slow rotation and proximity to the sun, equatorial regions of Mercury can achieve
temperatures above 700K during the day, while nighttime
temperatures can dip below 100K. These conditions have
important effect on diffusion in glass and crystal growth.
Weathering on Mercury: What, if any, effects might
Mercury's unique environment have on space weathering
products? The possibilities fall into two groups: (1) Formation processes - What weathering products are formed on
Mercury and how do they compare to those on the Moon? (2)
Evolution processes - Do the products of space weathering
change as they are exposed to the Mercurian thermal regime?
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Formation Processes: Melt products produced from micrometeorites which impact in the night will look similar to
those observed in lunar soil. The only difference should be
the rate of formation. Agglutinitic glass and vapor should be
forming at a much faster rate. In a mature lunar soil, agglutinates make up as much as 50-60% of the soil. A mature soil
on Mercury probably has little, if any, original crystalline
material remaining.
On the day side of Mercury, the cooling regime for micrometeorite impacts is going to be somewhat different.
Because the base temperature during the day is significantly
higher, the cooling rate will be slightly slowed compared to
the night side (and the Moon). The Fe-particles in both the
agglutinate-like material and vapor deposited rims formed
during the elevated daytime temperatures may have time to
grow to larger sizes.
Evolution processes: Lunar-like agglutinates and vapor
deposits formed during the night will eventually be exposed
to the heat of the Mercurian day. The thermal regime on
Mercury may have significant effects on the npFe0 . Regardless of whether these products were created in the day or
night, they will be exposed repeatedly to extended periods of
the 400°C+ temperatures of Mercury's day.
Due to differences in free energy between curved surfaces, npFe0 particles in a glass matrix will tend to coarsen
via a process well known in material sciences, Ostwald ripening. During the course of a Mercurian day, the soil at the
hottest parts of Mercury will stay above 400°C for about 2
weeks. This increased temperature may be enough to allow
the npFe0 particles to grow significantly.
Determining the rate of Ostwald ripening on Mercury is
difficult due to a lack of experimental data. The equation for
this process is given below along with estimations of values
for each variable. The least constrained, and most important
variables are D, the diffusion coefficient, and σ, the surface
energy. Considering a wide range of values for these, we
have attempted to bound the possible range of grain growth
through time (figure 2).
3

3

r − r0 =

8 x IL (1 − x IL ) DΩ
×
×
× (t − t 0 )
RTI
9 (x IS − xIL )2

r 0 = original size of Fe particles ≈ 3 nm = 3x10-9 m [6]
xIL = fraction of npFe 0 in rim coating = 0.1 [3] - 0.01
xIS = fraction of glass = 1
D = diffusion coef. of Fe in glass = 10-17 -10-19 m2 /s
Ω = molar volume of Fe = 7.09x10 -6 m3 /mol
σ = surface energy = 0.01-100 mJ/m2
T = average temperature on Mercury = 400K
I = thermodynamic factor ≈ 1
t-t0 = time of exposure
Even our most conservative estimates indicate that Ostwald ripening should have a significant effect on some Mercurian soils. Of course, with increasing latitude, there is less
heat available ergo the thermal regime becomes more lunarlike where Ostwald ripening will have little or no effect.
Discussion: Ostwald ripening and the earlier described
effects of slower cooling for day side impacts should com-

bine to result in larger Fe particles, on average, near the
equator. Since smaller npFe 0 particles cause reddening and
larger ones result in darkening, if Ostwald ripening dominates over npFe 0 production, we should expect the spectral
continuum to be darkest near the equator and become somewhat redder with increasing latitude.

Figure 2. Possible range of effects of Ostwald ripening with
time at the equator of Mercury.
The shape of the continuum influenced by npFe0 can
provide information about the Fe-content of a soil. Observational [2], experimental [13], and theoretical [3] data show
that the shape of the spectral continuum of lunar soils
changes systematically with npFe 0 content. Thus, for high
latitude areas that have not been significantly affected by the
processes described above, it should be possible to determine
the amount of npFe0 present. The amount of npFe0 can then
be used to constrain the total amount of iron in the soil.
Conclusions: If we can understand the weathering environment on Mercury, than we can predict what the space
weathering products will be. By combining these predictions
with an understanding of the optical effects of weathering
gleaned from laboratory studies of lunar soil, we hope to
estimate the total Fe on the surface of Mercury and to provide the necessary tools for evaluation of mineralogy for
future missions.
Likewise, by searching out and identifying weathering
products in meteorites, we can expand our understanding of
the weathering products that are produced on the asteroids.
This will help us to better evaluate the remote sensing data
we receive and to connect meteorites with their asteroid
counterparts.
References: [1] Pieters C.M. et al (2000) MAPS., 35,
1101-1107. [2] Noble S.K. et al (2001) MAPS., 36, 31-42.
[3] Hapke B. (2001) JGR, 106 , 10039-10073. [4] Binzel R.P.
et al (1996) Science, 273, 946-948. [5] Clark B.E. et al
(2000) MAPS., 35, A41-42. [6] Chapman C.R. (2000) Met.
Soc., August 25 th, 2000. [7] Basu A. et al (2000) LPSCXXXI,
ab# 1941. [8] Cintala M.J. (1992) JGR, 97, 947-973.
[9] Hartle R. et al (1975). JGR, 80, 3689-3693. [10] Keller
L.P and Clemett S.J. (2001) LPSCXXXII, ab# 2097.
[11] Keller L.P et al (1998) New Views of the Moon, 41.
[12] Britt D.T. and Pieters C.M. (1994) GCA, 58, 3905-3919.
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R.Spohr3, P.Vater 3, D.O ′Sullivan7. 1 Joint Institute for Nuclear Research, Dubna, Russia; 2 Ukraine State
Scientific Centre on Environmental Radiogeochemistry, Kiev, Ukraine; 3 Philipps University,
Kernchemie, Marburg, Germany; 4 Department of Earth and Environment science West Hall, R.P.I. Troy,
New York, USA; 5 V.I.Vernadsky Institute of Geochemistry and Analytical Chemistry Russian Academy
of Sciences, Moscow, Russia; 6 Laboratoire de Microanalyses Nucleares, Universite’ de Besancon,
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Introduction. The main goal of the present
work is the search and identification of
relatively stable nuclei (Z ≥ 110) of Super
Heavy Elements (SHE) in Galactic matter by
fossil track study of non-conducting crystals
excluding from the near-surface position of
some meteorites and the Lunar regolite
material.
As has been predicted theoretically [1],
super heavy nuclei in the region of proton
numbers Z = 110-114 and neutron number
N = 184 (double ″magic″ closed shells of
nuclei) can possess the life times from 103 up
to 109 years. Such a nuclei of SHE can survive
in the extraterrestrial rocks crystal and
produce the tracks due to spontaneous fission
if their life time is more than 5×107 years.
Nuclei of SHE are supposed to be the
products of nucleosynthesis in explosive
processes in our Galaxy (Supernova r-process
nucleosynthesis, and especially neutron star
formation process, etc.) [2]. When these
nuclei accelerated to relativistic energies in
the Galaxy, they can produce extended trails
of damage in non-conducting exposed
crystals. To be registered in extraterrestrial
crystals the lifetime of such SHE nuclei in the
Galactic cosmic rays shall exceed ~103 years.
To search for and to identify the super
heavy nuclei in the galactic cosmic rays it is
proposed to use the ability of some
extraterrestrial silicate crystals (olivine,
pyroxenes, phosphates) to store for many
million years the trails of damage produced by
fast Z ≥ 23 nuclei coming to rest in the
crystalline lattice. The track length of fast
Z ≥ 23 nuclei is directly proportional to their
Z2 . Thus, the nuclei of SHE shall produce the
tracks by a factor 1.6-1.8 longer than the
tracks due to high-energy galactic cosmic ray
Th-U nuclei. For visualization of these tracks
inside the crystal volume the proper controlled

annealing and chemical etching procedures
are used.
In our pervious study [3] the fossil tracks
due to Th-U nuclei were first observed and
unambiguously identified by calibrations of
the olivine crystals with accelerated U, Au
and Pb ions [4]. The charge distributions and
the energy spectra of Z = 26-92 of galactic
cosmic ray nuclei were first measured too.
The number of Th-U nuclei track measured in
olivine crystals was in total more than 1600,
as compared with the rest world statistic −
about 30 events on direct registration of
Z ≥ 70 cosmic ray nuclei tracks in satellite
based detectors. Also the 5 anomalously long
tracks that could not be attributed to Th-U
nuclei were registered in our study. The main
goal of the future track studies is the final
unambiguous identification of Z ≥ 110 nuclei
in the galactic cosmic rays.
Synthesis of SHE. The present work was
stimulated by recent synthesis and discovery of
very stable isotopes of elements 110 – 116.
During 1999-2000 in Flerov Laboratory of
Nuclear Reactions, JINR it was succeed in the
obtaining of a number of rather neutron–rich
isotopes of elements 112,114 and 116, in the
reactions of high-intensity breams of 48Ca with
monoisotopic targets of 238U, 244Pu and 248Cm,
respectively [5] The most stable isotope
obtained is odd-even nuclide 285112, which
possess the life time in between 10-30 min, as
compared with 10-60 sec of some neighboring
nuclei of Z=110,114 and few secondsmilliseconds for Z=116, Z=106-109 nuclei.
Still the isotope 285112 has only 173 neutrons 11 fewer as compared with the magic number
N=184.For the region of known actinide nuclei
(Z=89-98) such a neutron difference for light
and the most stable isotopes provides the
stabilization factor of 1010-1013 in the life time.
The discovery of new very stable isotope of
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element 112 provides first the final
unambiguous proof on the existence of new
island of very stable SHE nuclei, which has
been predicted theoretically much earlier.
Results and calculations. In this report we
are presented the new results and conclusions
on search and identification of the fossil
tracks due to cosmic ray SHE, observed and
registered in meteoritic silicate crystals. We
use here the olivine mineral grains extracted
from pallasite meteorites. The total data
obtained up to day allows us to obtain more
reliable estimations of an upper limit of SHE
abundance in the cosmic matter.
. The main advantage of fossil track studies
in extraterrestrial olivine crystals is the very
long exposure time – about 200 my for
Marjalahti and Lipovsky meteorites, for
example. The crystals of these meteorites
contain up to 102 Th-U cosmic ray tracks per
cm3. As it has been found in the previous study
[3], the volume etchable track lengths of Pt-Pb
and Th-U galactic cosmic ray nuclei in
meteoritic olivine crystals annealed at 430oC
during 32 h was about 100-130 µm and 160180 µm respectively. Still at these annealing
conditions the group of 11 extra long tracks
(L= 340-380 µm) has been found [6,7]. The
correspondence of “fossil” and “fresh” – 208Pb
and 238U tracks even more clear at the
annealing conditions: T = 4500C, time of
annealing 32 h. In spite of rather low statistics,
the single “fossil” track with the length of
≥250 µm was measured. The maximum track
length of Th – U nuclei can not exceed 200 µm
under these annealing conditions at any
orientation in olivine crystal lattice. Detailed
Laue roentgen and optical analysis shows that
5 out of 11 anomalously long tracks could not
be produced by Th-U cosmic ray nuclei. Thus
we already have the evidence of the existence
of SHE nuclei; their abundance relative to the
actinide elements is ∼ (3-10)×10-3.
Conclusions and proposal. Now we
pointed out, that: There is no ways to get the
neutron number N=184 using present day
accelerators and target nuclei. The only one
way to find out double magic SHE nuclei now
is the search for these nuclei in natural
samples.
The other more preferentially approach to
identify SHE nuclei in the nature is to search
for the spontaneous fission of Z ≥ 110 nuclei

tracks in the extraterrestrial phosphate
crystals, which are enriched by uranium.
These nuclei produce 2- and 3-prong fission
fragment tracks, which differ significantly
from the tracks due to the spontaneous fission
of 238U and 244Pu nuclei. The extraterrestrial
phosphate crystals – whitlocites, apatites and
stanfilldites - can be investigated in these
studies. There are three main preferential
possibilities:
1.The annealing behavior of spontaneous
fission fragment tracks differs drastically in
phosphates for actinides and SHE. The proper
annealing (for instance, at 450oC during 32h
for Marjalahti whitlockite) provide the
separation of fission fragment tracks due to
238
U-244Pu spontaneous fission and due to
spontaneous fission of to Z≥110 nuclei in
volume etchable track length by a factor 2. The
fossil track spectra must be compared with
thermal neutron induced fission of 235U nuclei
track in the same crystals annealed at the same
conditions. Such tracks shall provide some
proofs of spontaneous fission of Z≥110 nuclei
existence.
2.The probability of ternary spontaneous
fission of Z=110-114 nuclei as compared with
binary fission estimated to be 10-3 -10-4. For
actinide nuclei that ratio is N3f /N2f ≤10-7 .
3.These 3-prong tracks also shall have the
mean length about 20% greater than binary
tracks due to spontaneous fission of actinide
nuclei.
Thus, the observation and measurements of
such 3-prong spontaneous fission tracks in the
volume of phosphate crystals shall provide the
unambiguous proofs of SHE nuclei existence
in Solar system.
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(1971) Nature 231, 103-106. [3] Perelygin V.P. and
Stetsenko S.G (1980) JETP Pisma 39, No.10, 622-625.
[4] Perelygin V.P. et al.(1991) Z.Phys. A, 388, 435439.[5] Oganessian et al., 1999, JINR report E7-99-347.
[6] Perelygin V.P. et al. (1985) JINRCommunication
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ESTIMATES OF LUNAR SURFACE AREAS PERMANENTLY SHADED ONCE AND TWICE.
D. V. Petrov, Yu. G. Shkuratov and D. G. Stankevich. Astronomical Observatory of Kharkov National University.
35 Sumskaya St. Kharkov. 61022. Ukraine.
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Model and results: So, we consider that the lunar surface has a large-scale (dm/km) crater topography, which is complicated by a small-scale
(m/dm) random Gaussian relief. Using the random
relief seems to be more general, than a pure crater
system. The relief we describe by a random singlevalued function with a Gaussian distribution of
heights and slopes with respect to the reference crater surface. For calculations we used the data on
lunar craters distribution of their diameters vs.
depths [3].
We estimated the following properties of permanently shaded areas: (1) the probability that an arbitrary point of the surface is permanently shaded at a
given selenographic latitude; (2) the relative value of
permanently shaded areas as a function of the latitude; and (3) the total area of the permanently
shaded surface. The results are as follows.
Fig. 2.
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Introduction: The occurrence of water ice in
permanently shaded areas of near-polar craters of
the Moon was widely discussed after the work [1].
The permanently shaded areas in the polar craters
exist because of the lunar axis of rotation is almost
perpendicular to solar rays. The ice may be accumulated in the areas, as they are cold traps. Searching for areas with a store of ice is a very important
problem from the point of view of future lunar
bases.
There are two types of permanently shaded areas
[2]. A first one called single shaded, when areas are
not illuminated by direct solar rays, but can be illuminated by secondary rays reflected from neighbor
parts of the surface. These areas are not quite dark
and, consequently, not utterly cold. A second type of
permanently shaded areas called double shaded corresponds to the case, when areas are not illuminated
neither Sun's rays (single shading) nor singlescattered light from directly illuminated areas of the
neighbor surface.
Many earlier estimates of areas of the permanently shaded surface were carried out in the approximation of a simple crater topography (without
overlapping large craters by smaller ones), e.g.,
[2,4]. This is not entirely adequate approach, as the
lunar surface topography is more complex, it is arranged in a hierarchical manner. We estimate here
areas shaded permanently once and twice using a
hierarchical double-scale model of the lunar topography [3]; this is much more appropriate to describe
the lunar surface on the meter/kilometer scales.
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Table 1. Single-shaded area.
RMS slope,
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Table 2. Doubly-shaded area.
RMS slope,
Shaded area,
deg.
Km2
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Fig. 3 shows the relative area of permanently
shaded regions vs. the latitude for the hierarchic
double-scale model for single (solid lines) and doubly (dashed lines) shading. As can be expected, all
curves have maxima that shift to low latitudes at
increasing the surface roughness. The feasibility of
the maxima is due to an abatement of the shaded
area following with increasing the shadowing probability at latitude growth.
Conclusion: As can be anticipated, doubly
shaded areas do not exist at all for the simple crater
topography, but they do exist in cases of a random
Gaussian relief and a hierarchically arranged double-scale model. Figs. 1 and 2 show that the shadowing probability of a point of the lunar surface
depends significantly on the RMS slope of the
small-scale relief. In case of the double-scale topography the range of latitudes, within the limits of
which permanently shaded areas can exist, are considerably larger, than for the simple crater topography. Tables 1 and 2 present the total areas of the
permanently shaded surface for single and double
shading. As can be seen the relative portion of double-shaded regions of the lunar surface is rather
small, however, these areas, being extremely cold,
are of the special interest for future investigations.
Finally, Table 1 shows that the determinations of the
permanently shaded area made earlier only for the
simple crater topography turn out to be underestimated approximately twice.
This work is partially supported by INTAS grant
# 2000-0792.
References: [1] Watson K., et al. (1979) JGR
66. 3033-3045. [2] Carruba V., Coradini A. (1999)
Icarus 142. 402–413. [3] Stankevich D.G., et al.
(2001) Solar System Res. In press. [4] Shoemaker E.
(1971) Deputation provincial Barcelona-Instituto de
invest. geologicas. 25. 27–56.
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Fig. 1 shows probability of permanent shading
vs. the selenographic latitude for a random gaussian
relief for single (solid lines) and doubly (dashed
lines) shading at different values of the RMS slope r
of the relief (r = 10o, 20 o, and 30o). The same calculations were done for a pure crater topography (line
with points). As one can see in Fig. 1, at very high
latitudes the probability of shading for the pure crater topography is very close to that for the random
Gaussian relief with the RMS slope r = 30o, but at
lower latitudes the probability for crates decreases
much faster.
Fig.3
relative area of permanently shaded regions
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Fig. 2 shows the probability of permanent shading as a function of the selenographic latitude for a
hierarchic double-scale model for single shading
(solid lines), for doubly shading (dashed lines), and
for a pure crater topography (points). As one can see
in Fig. 2, at very high latitudes, shadings are mainly
affected by the crater topography, but in areas of
lower latitudes more important role plays the smallscale random Gaussian relief.
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IMPACT CRATERS ON THE GEOLOGIC UNITS OF VENUS. 1E. V. Pivchenkova and 2V. P. Kryuchkov,
1
Dynamic Geology Department, Geological Faculty, Moscow State University, 119899, hell@info.geol.msu.ru,
Moscow, Russia, 2Vernadsky Institute, 117975 Moscow, Russia..
Summary: Using Magellan SAR images and crater data base [1] we examined impact craters in the
area south of 7.5° N down to the south pole and determined the geologic units on which they were superposed, as it was done before for the area north of 7.5º
N [2,3]. We combined these and previous results to
analyze the global distribution of impact craters on
entire surface of the planet. The results of this work
confirm the conclusions made in [2] and [3]. That
means that about 80% of the craters superposed on a
composite unit (Tt+Pdf+Pfr+FB) also postdate the regional plains (Pwr+Psh) whose age was found to be
very close to the mean age of the surface of the planet
(T). The time interval between the formation of these
older units and the emplacement of regional plains
(∆T) may be considered geologically short, from a few
percent to about 30% of T. This is approximately 10,5
to 225 m.y. The main conclusion is the same as in [2,3]
that in the area under study volcanic and tectonic activity in the beginning of morphologically recognizable
part of the geologic history of Venus (the last ~750
m.y.) was much higher than in the subsequent time.
Introduction: The goal of this analysis is to use
impact craters to estimate the duration of several
events in geologic history of Venus. Using digital version of Magellan C1MIDRPs and crater data base [1]
we examined all impact craters in the area south of
7.5ºN down to the south pole. We determined the
geologic unit(s) on which each crater was superposed,
combined the results with those achieved before and
considered the implications of these data for the stratigraphy and geologic history of Venus. The units include (from older to younger): 1) Tessera terrain (Tt);
2) Densely fractured plains (Pdf); 3) Ridged and fractured plains with ridge belts (Pfr, RB); 4) Fracture
belts (FB); 5) Shield plains (Psh); 6) Plains with wrinkle ridges (Pwr); 7) Smooth plains (Ps); 8) Lobate
plains (Pl).
In many cases, the crater under consideration was
superposed on more than one unit. In such cases we
consider the crater superposed on the oldest of these
given units and noted the youngest one postdated by
this given crater. The combined results of this photogeologic analysis are given in Table 1.
There were cases when it was not possible to determine on which unit(s) a crater was superposed. In
16 cases embayment of craters and their ejecta from
outside was clearly observed. In one case it was the
fault of imagery.
Discussion: There are 967 impact craters on the entire
surface of Venus [1]. Only 300 of them are superposed
on old units predating the Pwr+Psh regional plains.
Among these, 236 showed a visible influence on
younger units, covering them by different types of

ejecta (fig. 1). Only 4 to 64 craters were found to predate the end of the (Pwr+Psh) plains emplacement
while the rest 236 to 296 postdate it.
Table 1. The characteristics of populations of impact cr aters
superposed on the geologic units of Venus.
Pl
Ps
Pwr
Psh
FB
Pfr
Pdf
Tt

20
67
479
77
65
41
105
89

--8: Pl-8
95: Ps-76; Pl-19
65: Pwr-27; Ps-35; Pl-3
55: Psh-5; Pwr-20; Ps-27; Pl-3
36: FB-2; Psh-4; Pwr-17; Ps-9; Pl-4
95: Pfr-2; Psh-7; Pwr-49; Ps-33; Pl-4
57: Pdf-1; FB-2; Psh-3; Pwr-26; Ps-24; Pl-1

Fig. 1. Crater Erxleben ( D = 31,6 km) is superposed on
tessera terrain and covered regional plains with its ejecta.
C1MIDR. 45S032;101.

As it was shown in previous work [2] ∆T/T should
be equal Npred / Npost, where Npred - amount of craters superposed on the older unit formed before the end
of younger unit emplacement; Npost - number of craters superposed on the older unit after emplacement of
younger unit. We assume also that crater-forming flux
was approximately constant at this time.
If we combine three stratigraphically oldest units
(Tt, Pdf, Pfr) we can see that among 235 craters superposed on that composite unit, 181 craters are superposed on the younger units (see Table 1). They all
postdated regional (Pwr+Psh) plains (whose age is
close to T), and even the younger Ps,Pl units (some
craters). If we assume that the remaining 235-81=54
craters predated the regional plains emplacement, the
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time period between the formation of those relatively
old units and the end of the emplacement of the regional plains (∆T) was rather short - 54/181T (about
30%). This is the upper limit of the estimate because
only four craters, being superposed on tessera terrain,
show embayment by Psh/Pwr regional plains. (fig.2).
So they formed before the regional plains emplacement
[4]. The other 50 craters might as well postdate the
emplacement of the regional plains, thus decreasing
∆T to 4/231T (about 1,7%).

Fig. 3. Diagram showing the position of regional Pwr+Psh
plains and older composite units along the time axis (vertical). Distances ( arrow -headed lines) along the time axis
between the position of “Present”, “Pwr+Psh”, ” Tt+ Pdf
+Pfr” and ” Tt+ Pdf +Pfr+FB” are approximately proportional to the numbers of craters superposed on the composite
units, including those predating the end of the Pwr+Psh emplacement (2-4) and those postdating the plains ( 181-231
and 236-296)

Fig.2. Crater Bonnin (D = 28,5km) is superposed on tessera
material and partly embayed by Psh.
C1MIDR. 00N112; 201

If to this ancient composite unit we add the stratigraphically neighboring FB unit, the results are essentially the same: ∆T is 4/296T to 64/236T (about 1,4 to
27%). We should interpret our estimates cautiously
because we deal with the combination of geologic
units, instead of analyzing the specific stratigraphic
sequence between them. So the weight of each of these
units in the combined unit in the time/stratigraphic
sense is unknown. Nevertheless the main conclusion is
that ∆T, time period between formation of the mixture
of old units and the emplacement of the regional
plains, was probably more than one persent and less
than 30%.
The observed small ratio of pre- and post(Pwr+Psh) craters on the old composite units is shown
by diagram ( fig. 3).
If we consider the average age of the surface of
Venus is about 750 m.y. [5] we estimate ∆T from
about 10,5 to 225 m.y. These data provide an estimate
of the time transition from the emplacement of the old
combined (Tt+Pdf+Pfr+FB) unit to end of emplacement of much less deformed regional (Pwr+Psh)
plains.

Conclusions: The major point of this work was to
combine the data about distribution of impact craters
on the Venusian surface as a whole. We showed that
the same tendencies take place all over the planet.
The results given in this paper confirms and strengthens the conclusions of work [2] and [3]. This means
that at the early stages of its history Venus was much
more active than in the subsequent time. It requires
major changes in rates and styles over relatively short
period of time.
Acknowledgments. We thank A.T. Basilevsky for
general scientific supervizing this work.
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ANOMALIES OF THE MOON’S THERMAL EMISSION IN THE IR SPECTRAL RANGE
(10.5 - 12.5 micron). S. G. Pugacheva. Sternberg State Astronomical Institute, Moscow, 119899,
Russia, pugach@sai.msu.ru
Summary: New satellite measurements of
the lunar-surface radiation temperature were used to
construct the spatial angular function of thermal
radiation of the Moon in the infrared (10.5-12.5
micron) spectral range. The basic material for
investigations is the scanned cosmic spectrozonal
images of the lunar surface transmitted by the first
Russian geostationary artificial meteorological
satellite “GOMS”. The photometric function of
thermal radiation of the Moon is plotted as a
function of the incidence angle, the reflection angle,
and the azimuthal angle between the planes of the
incident and reflected rays. A photometric database
was created for the brightness and temperature
values for 1954 areas of the lunar surface
[Pugacheva S.G., Shevchenko V.V., 1999]. In this
paper I describe an analytic model for the lunar
thermal field, which is realized as an angular
function of the thermal infrared radiation emitted
by the lunar surface and analyse thermal anomalies
of the lunar surface.
Introduction: This satellite was placed in
a circular orbit on October 31, 1994, in accordance
with the program "Meteorological Service for the
Population". The artificial satellite had an onboard
television complex (BTVC), whose optical system
transmitted real-time digital images of terrestrial
clouds, snow cover, and ice cover. With certain
geometry of observation and illumination, the lunar
disk was seen in the frame of the BVTC objective
simultaneously with the Earth's image. The cosmic
measurements of the Moon's radiation temperature
were constrained by the technical parameters of the
BTVC radiometer mounted onboard the “GOMS”
artificial satellite. This radiometer measures the
heat flux from objects with a brightness
temperature of 213--313 K, whereas the lunarsurface radiation temperature at the time of imaging
was 250--395 K. To make up for the deficiency in
the available data, we used the results of groundbased radiometric measurements of the surface
temperature of the Moon performed by Saari and
Shorthill (1967). The derivation of an analytic
expression for the lunar-surface thermal emission is
an important problem of lunar photometry. For this
purpose, the parameters of the photometric function
were approximated by the regression dependence of
radiation temperatures and angular parameters. The
analytic expression for the lunar-surface thermal

radiation is a trigonometric function whose
arguments are the values of the angular parameters
i, ε, and A (in degrees). The root-mean-square error
in the determination of the radiation temperature is
3% for mare regions and 5% for highland regions
[Pugacheva S.G., Shevchenko V.V., 2001].
Discussion: A comparison of the
regression dependence with radiation temperatures
measured at some points of the lunar surface shows
a systematic departure of the measured values from
the average values. These deviations, depending on
the surface albedo, characterize the photometric
inhomogeneity of the lunar surface layer. On the
lunar surface four groups of thermal anomalies are
chosen: the thermal anomalies at the expense of
different heat conduction of the lunar ground,
thermal anomalies on the edge of the Moon’s limb,
"hot spots" - sites of the surface, which area are less
than the sanction of the detector, anomalies
stipulated by the relief of the surface. The difference
in heat conduction of the lunar ground is one of the
reasons for thermal anomalies in the mare and
craters with dark floors. The difference in
temperature of the surface of lunar sites of different
heat conduction does not exceed 10_. The thermal
anomalies of craters with dark floors are limited to
the area of craters and correlate with their diameter.
On the surface of the Moon there are plenty of
thermal anomalies whose diameter is less than
sanction of the detector. On a photograph they
appear as isolated points, randomly scattered over
the surface. On detail study of large-scale
photographs some anomalies are identified with
small-sized craters, others with separate clusters of
stones. The thermal anomalies as separate "hot
spots" are marked at Ocean Procellarum (20E, 55S,
six thermal anomalies), Mare Imbrium (35E, 15S,
three thermal anomalies), Mare Frigoris (55E, 5N,
one thermal anomaly), Mare Crisium (17E, 59N,
one thermal anomaly), Mare Humorum (24W, 39S,
two thermal anomalies). The formation of the
thermal field of the Moon’s surface is influenced by
relief in a complex manner. These thermal
anomalies are observed only in the limited range of
phase angles. The difference in temperature of the
surface of the thermal anomalies can exceed 20_.
Thermal anomalies connected to relief may be
related to non-stationary thermal phenomena. The
thermal anomalies are dated for such large craters as
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Copernicus (9.6N, 19.9W), Tycho (11.3W, 43.1S),
Stevinus (54.1E, 32.4S). The anomalies of the
largest craters change depending on the conditions
of illumination - the thermal spot disintegrate into
two opposite anomalies: positive and negative.
That is called by irregularities of the relief at the
bottom of the crater.

radiation temperature by 10_. The differences of
temperature of the lunar surface layer indicates the
extremely low heat conduction and high porosity of
the material. Major factors of the photometric
inhomogeneity are strong irregularities of the relief
and the varied heat conduction of the lunar ground.
The thermal anomalies for highland regions and for
mare regions are shown in figure. Contours
represent variations of temperature of lunar regolith
during lunation (∆T K).
References:
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Conclusions: The thermal field of the
Moon’s surface in the IR infrared spectrum (10.512.5 _ m) is formed as an outcome of heating of
the surface by solar radiation. The temperature of
the Moon’s surface varies from 400_ to 100_
during a synodic month. The radiation temperature
of the surface in regions close to the terminator
changes in limits from 250_ up to 300 _. A change
of phase of the Moon by one degree increases the
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A HIPSOMETRICAL FEATURES OF THE LUNAR SURFACE FROM THE
CLEMENTINE MISSION. J. F. Rodionova1, O. V. Elkina2, E. A. Kozlova1, V. V.
Shevchenko1, P.V. Litvin2. 1. Sternberg State Astronomical Institute, 119899, Moscow,
Russia; jeanna@sai.msu ru. 2. Moscow State University, Vorobjovy Gory, 119899, Moscow,
Russia.
The results of altimetric data of
Clementine Mission are represented in the
papers [1,2,3].
Lucey et al.(1994) show that the
distribution of elevations on the Moon is
distinctly irregular and the near side and
far side differ both in mean elevation and
shape of the hypsographic curve. There is
a correlation between topography and
composition. The lack of extensive mare
basalt fill in the South Pole – Aitken
Basin, despite the thin crust in this region,
suggests
hemispheric
compositional
asymmetry in the deep lunar interior [1].
We have compiled the hypsometrical
map of the Moon in the Molveide
projection were an area were not destored
that was important for the measurments
and the map of the South Pole – Aitken
Basin on the base of the heights with 0.25°
trapezium. The scale of the complete map
of the Moon is 1:13000000. It is allowed
to show the relief features of the Moon
with the 500 m contours. The original data
obtained in NASA Planetary Data Center
are the heights of 64800 points of 1°
trapezium. We have used Arcview
(module Spatial Analyst) and Arc Info
programs for the data treatment.
The highest and lowest points are on the
far side of the Moon. The highest one 8403 m is to the north of Korolev basin
and the lowest one – 7730 m is on the
bottom of the South Pole-Aitken basin.
The results of calculating of the different
height levels areas are shown on the Fig.1.
The comparison with the data [4,5] is
fulfilled. The most difference is in the
areas of height levels from 0 to 3 km. The
medium height of the lunar surface is

0.433 km. So the medium radius of the
Moon is equal 1737.577 km. The
difference of the medium heights of
highlands and maria is 2.3 km on a scale of
the total sphere, but on the near side it is
only 1.4 km.
More detailed hypsometrical map for the
South Pole-Aitken basin is completed with
200 m intervals (Fig.2).
According to new data, the depths of
Mare Imbrium, Mare Frigoris, Mare
Fecunditatis, Mare Moscoviense are 0.5
km deeper than previous results indicated.
The depths of Oceanus Procellarum and
Mare Tranquillitatis are 1 km more than in
previous data. The depths of Mare
Nubium, Mare Smythii, Mare Humorum
and Mare Nectaris are 1.5 km greater, the
depths of
Mare Marginis and Mare
Orientale are 2 km greater, and the depths
of Mare Humboldtianum are 2.5 km
greater than in previous data. The depths
of Mare Serenitatis and Mare Crisium
agree with previous data.
The paper is fulfilled with the support of
INTAS Grant _1/792.
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Fig.1. The distribution of elevation on the Moon as a function of area on the base of Clementine data
and the comparison with a previous data.

Fig.2. Fragment of the topographical map of the South Pole - Aitken Basin. Contour
interval is 200 m.
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AN ANALYSIS OF THE DATA OF MARS ORBITER LASER ALTIMETER. Rodionova J ., Iluhina J ., Michael G ,
1

2

An analysis of the heights of the Martian relief is
fulfilled on the base of Mars Orbiter Laser Altimeter
(MOLA) data, an instrument on the Mars Global Surveyor (MGS) spacecraft [1]. Hypsometric maps of the
hemispheres of Mars were compiled using a file of 64
800 points of the heights of 1° trapeziums. A digital
model of the relief was constructed with the software
ArcGis, ArcView 3.2 (Spatial Analyst). The contour
interval is 1 km. The areas between the contours were
measured automatically. The results of the measurement are represented on fig.1 The graphic shows the
distribution of the height levels against their areas. The
histogram on fig.1 differs from the histogram in the
paper [1]. The maximum of the difference in the area
of the level from 2 to 1 km and from 1 to 0 km consist
of 6% or 8.7 billion sq. km. Also there are differences
of about 4% in the determination of the area of the
height levels from -3 to -4 km and from -4 to -5 km.
It is known that the distribution of the height levels
on Mars has two maxima [1,2.3]. One can see two
peaks on fig.1. The first, for the height levels from -2
to -5 km, corresponds to the martian plains. The total
area of the plain is 50 billion km or 34.5%. The second
peak is due to the levels from 1 to 3 km. 35% of the
total area is occupied by these levels. The mountains
above 5 km occupy 2.5% of the total surface of Mars
(the highest of them above 10 km - only 1%). The
transient zone from plains to the highland due to the
level from -2 to 1 km and correspond 25%. The deepest depressions (less than 5 km) compose 2.5%.
Fig 2 shows the distribution of the heights levels in
the northern and southern hemispheres. Two main
peaks are represented clearly on the graphics. There
are the predominant levels from -2 to -5 km in the
northern hemisphere and from 1 to 3 km in the southern one. It is interesting that in the western and eastern
hemispheres both maxima are represented on fig.3.
The comparison of the heights of different regions
obtained by MOLA with the previous investigations
represented on the maps [4] show that there are not
systematic differences there. We have compared the
main large forms of Martian relief. For example Acidalium planitia has a prevailing level from -4 to -5 km
(MOLA) but from -1 to -2 km on [4] and Argyre
planitia from 0 to -3 km (MOLA) and from 1 to +3 km
on [4]. Noachis terra is on the levels from 0 to 2 km
(MOLA) and from 3 to 4 km on [4].
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Fig.1 The dependence of the distribution of the heights
levels versus the area occupied

Fig.2 The distribution of the areas of heights levels in
the northern and southern hemispheres

Fig.3 The distributions of the areas heights levels in
eastern and western hemispheres of Mars
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WELL-KNOWN AND NEW GEOLOGIC EVIDENCE OF CATACLYSMIC GLACIAL
LATE-PLEISTOCENE SUPERFLOODS IN THE MOUNTAINS OF SIBERIA Alexei N.
Rudoy, Laboratory of Geology and Palaeogeography of Pleistocene, Tomsk State Pedagogical
University, Komsomolsky Pr. 75, 634041 Tomsk, Siberia, Russia E-mail: rudoy@tspu.edu.ru;
ran@mail.tomsknet.ru
Introduction All of the mountains from Eastern
Kazakhstan (Tien Shan, Kazakh Altai) to the
mountains in the Baikal region belong to the
mountains of Southern Siberia, which also includes those of Altai and Tuva. This grand
mountainous chain forms a part of the Russian
State boundary in the south.
The Altai is located near the centre of Asia
(Fig.1) and is the highest of all mountain ranges
in Siberia (some of the maximum measured elevations are over 4000 m). The Altai Mountains
consist of vast intermontane basins, which were
occupied by near-glacial lakes in the Pleistocene,
and of high mountain ranges that carry the
grandest of modern Siberian glaciers. Numerous
climatic zones, which are also peculiar to a certain extent to the neighbouring mountainous
countries, are present. The nival-glacial zone
changes downwards into the taiga and tundra,
into the steppes and the deserts of high-mountain
basins, which in turn are adjacent to the mixed
woods zone and the zone of South-Siberian
steppes. That is why, from the viewpoint of
physical geography, the Altai may be considered
representative of the whole huge mountainous
region of Southern Siberia. From the palaeogeographical and geomorphologic aspects, the
Altai is typical of the whole of Central Asia.
It is in the Altai that a number of great scientific
discoveries have been made during the last decades, which are important for Russian and worldwide Geomorphology, Palaeoglaciology and
Quaternary Geology in the 20th century. The
chief ones are:
1)Discovery and identification of geologicalgeomorphological traces of giant LateQuaternary glacier-dammed lakes whose regular
outbursts resulted in generation of glacial superfloods. Those floods left behind exotic relief
forms and deposits (in the first place, giant current ripple marks and diluvial swells and terraces
– “bars” according to Bretz, 1923), similar to the
diluvial morpholithologic associations of the
Channeled Scabland in North America; and
2)Discovery of the geological phenomenon of
Quaternary Ledoyoms – huge amounts of ice in
the intermontane basins. Those ice bodies have a
very complicated paragenetic relationship with
glacier-dammed lakes (Rudoy, 1998).

By the end on the 20th century a well-traced tendency clarified itself in course of the discussion
concerning the genesis of the diluvialaccumulative relief forms and depositions. The
tendency is as follows. One large group of investigators believes up to now that any ridgepading and hollowed relief is a ribbed moraine.
Thus, in September 1998, at the All-Russia
Meeting “Chief results in studying the Quaternary period and main investigation trends in the
21st century”, which took place in St. Petersburgh, B.A. Borisov and E.A. Minina asserted
again that the well-known field of the giant current ripples in the Kuray depression in the Altai
is a moraine. Some other investigators, e.g. V.V.
Butvilovsky (2000), are certain, on the contrary,
that everything, which is “ribbed”, is exclusively
a giant ripple relief. Finally, the third suppose
that no discussion is necessary at all, since everything has been clear before long. At that “before long” they mean their own works, which
were published as theses by local publishing
houses with such a minor circulation that hardy
anybody will be able to see these works no matter how hard he tries.
Meanwhile, still more and more new geologogeomorphological data appear nowadays in
course of the field studies in the Altai and Tuva.
These data confirm not only the very fact of the
cataclysmic glacial superfloods in Pleistocene,
but also their multiple and regular systematic
character, which is strictly dependent on the
changes in the oroclimatic conditions.
Pleistocene glaciation of the dry land and continental shelves was accompanied by rise and
growth of giant ice-dammed lakes. Their dimensions were many times as great as any modern
ones. Very often outburst superflood discharges
of the lakes exceeded 1 mln. cubic meters per
second, water velocities were dozens of meters
per second, and depths of such streams in the
mountains were over hundreds of meters. Recurrence and regularity of outbursts from mountain
Quaternary ice-dammed lakes have been proved
analytically and geologically. The initial surface
would be strongly transformed as a result of
geologic work of glacial outburst superfloods,
moreover, it would happen during rather short
time intervals (minutes-hours-days). Along with
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that diluvial mountain and plain morpholithologic complexes would develop, they
were represented by accumulative forms (diluvial dunes and antidunes, diluvial terraces and
berms, erratic boulders and others), erosional
forms (coolies, outburst and oversplash gorges,
spillways, diluvial escarps and farewell rocks,
and others) and diluvial evorsional forms (waterbeaten depressions, drillpots, “dry waterfalls”,
etc.). As a complex, these forms present morpholithologic associations of scablands. Their
analysis together with palaeoglaciologic reconstructions make it possible to restore palaeohydrodynamics of the diluvial streams, their number, as well as to evaluate those glacial cataclysmic floods as a powerful geologic factor, whose
role in creating the modern landscapes has been
little considered previously.
Conclusion Glacier-dammed lakes in the mountains and on plains developed whenever glaciers
grew large enough to block river valleys. The
main hydraulic parameters of the diluvial floods,
which were determined by independent methods
for the periglacial plains of North America and
Southern Siberian mountains, show that diluvial
processes of relief-formation are among the most
powerful known exogenous Pleistocene processes. Diluvial processes generated by glaciers
transformed glacial and pre-glacial territories of
many regions on the Earth and, probably, on
other planets (Rudoy, 1999), and created characteristic landscapes of plain and mountain scablands.
Despite their wide spread presence on all the
continents of the Northern and, possibly, the
Southern Hemispheres, diluvial-erosional and
evorsional forms are still rather poorly studied.
Without a complete assortment of the morpholithologic scabland associations, giant current
ripple marks ranking first among them, the diagnostics of the destructive diluvial forms is always
problematic. The mechanisms of the geologically
momentary supererosion, which created the
above-described gorges and canyons, are not
quite clear. Their geography, especially on the
plains, is also under discussion. This latter fact
may be partly explained by the fact that the very
theory of the diluvial morpholithogenesis has not
yet gained its due development in Russia as a
methodical palaeogeographical instrument only
because some Russian geologists and palaeogeographers still support extreme antiglacial
positions.
The social effect of the investigation of the diluvial processes is also obvious. Although the
ecology experts and representatives of some non-

governmental nature protecting organisations refer to our materials concerning the failures of the
huge lakes to find analogies with the consequences of probable seismic deformations of big
hydrotechnical constructions on the mountain
rivers, cardinal changes in the natural environment over immense areas, which we have already studied rather well on the examples of the
Pleistocene glacial superfloods, do not still strike
the imagination of those institutions and governments which are responsible for the solution
of constructional problems. Even the project of
the construction of the Katun hydroelectric
power station in the Altai, which has failed to
pass the ecology examination many times, judging by the state of affairs, will be realized.
UNESCO declared the last decade of the past
century as the decade of natural disaster reduction. With regard to the rapid assimilation of the
mountainous territories, it is desirable to consider
the role of short-term, but powerful and systematically repeated, processes in estimating the degree of natural risk. Such processes transform
during geologic moments things that have been
created for thousands of years. The consequences
of these processes are more tragic as the disasters
are more unexpected.
The research is supported by the Russian Foundation for Basic Research, Grants Nos. 97-0565878, 00-05-65115.
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PHYSICOCHEMICAL AND ORBITAL CORRELATIONS IN SATELLITE SYSTEMS.
A.I.Shapkin, Yu.I.Sidorov, D.V.Antsyshkin, Vernadksy Institute of Geochemistry and Analytical
Chemistry, Russian Academy of Sciences, Moscow
The Solar system origin theories should
explane satellite systems origin, consistent
with that of the planetary system. In some
attitude, satellite systems examination
provides even more reliable information on
evolutionary processes than examination of
the planetary system, because of our
uncertain notion about the condition of the
early Sun.
Note that in common case we can
consider a planet as a satellite of its central
body – star [2]. Today there are no laws
known, describing associations between any
geometrical, mass or physicochemical
satellite bodies parameters with their orbital
distances from central body.
However qualitative tendencies exist,
connecting those parameters, e.g. decrease
of Galilean satellites’ density along with
increase of their orbital distance from Jupiter
due to increase of ice amount in the
substance. Those tendencies still don’t have
any prognostic quantitative expression in the
form of physicochemical laws.
Though, separate empiric conformities
permit us to propose the existence of such
laws. Except classical Ticius-Bode planetary
distances rule explained in the limits of
Schmidt-Safronov theory [3], we will notice
the tendency of radial distribution of
protoplanetary substance on preaccretional
stage [4], consistent with contemporary
planets’ masses distribution in radial
distances (fig. 1), and empiric rule of Fe/Si
ratio in terrestrial planets’ substance
dependence on orbital radius [5] (fig.2). In
order to ascertain empiric tendencies
inherent to satellite systems we analyzed the
Ms/Rs dependency as a function of Mc/Rc
(Ms is a satellite mass, Rs -- average
satellite radius, Mc -- central body mass, Rc
-- satellite’s average orbital radius) for 32
most heavy bodies in Solar system
(including planets and excluding the Sun),
provided by [2]. Notice that accurate to a
factor the Ms/Rs ratio could be interpreted
either as satellite gravity potential on its
2
surface, or as a ρRs product, where ρ is
satellite’s substance average density.
Similarly Mc/Rc is a gravity potential of the
central solid on satellite’s orbit. It was

assumed that satellites’ orbits have zero
eccentricity and their surfaces are spheres.

Fig.1

Fig.2
There data are shown on Figure 3 where
points representing satellites, are numbered
according to the list supplied.
We can see several tendencies:
1. The set of points seems not to be
randomly distributed, but ordered according
to some curve. Similar order can be
observed on H - R diagram for stars.
2. Giant planets (underformed stars, points
5 through 8) stand out in a separate cluster.
3. Four points corresponding to the Moon
(10), Phobos (13), Deimos (14) and Charon
(32) have anomalous disposition, relative to
general tendency. It probably indicates that
they have been formed in different areas of
space and only later they have been
captured by their central solids.
Satellites’ chemical composition could be
defined from that of central body. Their
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mineral composition in final planetary bodies
approximation [6] could be defined using
thermodynamic modelling methods [7, 8].

This study was
supported by the
Russian Foundation for Basic Research,
grant 01-05-64432 and 01-07-90122.
1 – Mercury, 2 - Venus, 3 Earth, 4 - Mars, 5 - Jupiter,
6 - Saturn, 7 - Uranus, 8 –
Neptune, 9 – Pluto, 10 –
Moon, 11 – Vesta, 12 –
Cerera, 13 – Phobos, 14 –
Deimos, 15 – Io, 16 –
Europa, 17 – Ganymede,
18 – Callisto, 19 – Mimas,
20-Enciladus, 21 – Tethys,
22 – Dione, 23 – Rhea, 24
– Titan, 25 – Iapetus, 26 –
Miranda, 27 – Ariel, 28 –
Umbriel, 29 – Titania, 30 –
Oberon, 31 – Triton, 32 Charon
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TRENDS OF EVOLUTION OF LUNAR BASALTS IN FRAMEWORK OF SYSTEM OlCpx-Pl-Qtz. E.V.Sharkov and O.A.Bogatikov, Institute of the Ore Deposits Geology, Petrology,
Mineralogy and Geochemistry (IGEM) RAS, Moscow

Evolutionary trends of lunar magmatic rocks
of highlands and maria was studied in
framework of the system Ol-Cpx-Pl-Qtz.
For this aim chemical analyses of rocks
were converted using the CIPW-program to
normative phases and plotted to developed
views of tetrahedrons with systems' diagrams of state under different pressures. Location of density of dots on one of cotectics
was interpreted as the melt was evolved under such conditions. Because of our method
let us study only volcanics series (chemistry
of cumulates does not reflect a chemistry of
melt from which they precipitated), in this
work we did not examined rocks of the
ANT-series and other intrusive rocks.
For characteristics of the mare basalts were used collection of samples from
Luna-16 and -24, Apollo-12 and -17 from
different sources. The dots are formed a single alongated compact swarm. It is began in
the Ol-volume and, following to line of olivine control, reachs to cotectic Ol-Cpx and
is finished near the point Ol-Cpx-Opx-Pl
under pressure of 1-2 kbar. In the Moon's
conditions it consistents of lithostatic pressure at the depths of 25-50 km. Dots of highTi basalts are located in the low-temperature
parts of the trend near the point Ol-CpxOpx-Pl and do not form independent thickening. We suggest that the main trend of
evolution of the mare melts reflects processes in magma-generation zones and distribution of the dots is depended on different
stage of melting of the mantle sources and
processes of crystallizing differentiation in
transitional magma chambers. Attention is
drawn to the fact, that this distribution of the

dots of the mare basalts is distinct limited by
orthopyroxene barrier (Sharkov, 1984)
which prevents to propagation of the melts
evolution to the region of Qtz-bearing compositions.
Basalts of highlands (magnesian and
alkaline suites) are represented by collections of samples of Luna-20, Apollo-14, 15
and 16 from different sources. We include
here KREEP-basalts and low-Ti aluminous
basalts, which could be volcanic analogs of
the ANT-series. In differ from the mare basalts, the swarm of dots has here irregular
shape with tendency of evolution along
cotectic Ol-Opx. Compact swarm of dots is
close to triple points Ol-Sp-Opx and OlOpx-Pl of the system Ol-Cpx-Pl-Qtz under
pressures about 8-10 kbar, which correlate
with depths of 200-250 km. Volcanics,
which dots are clastered near the point OlSp-Opx, were formed under conditions of
higher pressures, and clastered near the
point Ol-Opx-Pl - of lower pressures. We
suggest that transition between these two
points was linked with assimilation of
lower-crustal rocks by primary high temperature mantle-derived magmas how it
follows from isotopic-geochemical data
(Snyder et al., 1995). So, the former melts
were close to the primary magmas, and the
latter - to the assimilated ones. Judging from
absence of a clear trend, typical for the mare
rocks, dispersion of the dots of the highlands
melts was linked with different degree of
assimilation and likely reflected the result of
the melt evolution in transitional magma
chambers.
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From this, probably, follows the
magmas of highlands have essential more
deep-seated origin compare to mare basalts.
In differ from the latter, trend evolution of
the highlands basalts was not limited by the
orthopyroxene barrier, but cut it, going to
the region of the Qtz-bearing compositions
such as monzodiorites and granites. How it
was shown earlier for the terrestrial volcanic
series, overcoming of this barrier is, probably, linked with a presence of H2O in magmas which displaces the trend of evolution
of melt to the side of acid compositions
(Sharkov, 1984). Because presence of traces
of water were found in the magmatic rocks
of the highlands (Frikh-Khar et al., 1990),
we suggest that this circumstance played
important role in such character of evolution
of these melts.
Thus, the trends of evolution of the
main types of the lunar magmatic melts are
rather different. The melts of maria were
generated and evolved under relatively low
pressures instead of highlands basalts.
Swarms of dots on the diagrams of the system Ol-Cpx-Pl-Qtz are practically not come
into contact with each other. The fact of
crossing of the orthopyroxene barrier by
highlands melts, probably, indicate presence
of water in them.
As a whole, tectonomagmatic evolution of the Moon was rather close to the Paleoproterozoic events on the Earth: lunar
magnesian and alkaline suites are close to
the siliceous high-Mg (boninite-like) and
low-Ti alkaline series of the terrestrial cratonic stage during the early Paleoproterozoic, and lunar low- and high-Ti mare basalts are close to the MORB and OIB, appeared in the late Paleoproterozoic in connection with beginning of the terrestrial
continental-oceanic stage (Bogatikov et al.,
2000; Sharkov, Bogatikov, 2001). So, we

suggest that, like on the Earth, origin of
magmatism of the highlands was linked with
ascending of mantle plumes of the first generation, formed by material of depleted
mantle. The maria magmatism was, probably, linked with ascending of plumes of the
second generation, formed at the boundary
of the mantle and existed then lunar liquid
core, which indicated by paleomagnetic data
(Rancorn, 1983). In this sence maria were
analogs of the terrestrial oceans and floodbasalt provinces, not result of large impacts.
How on the Earth, the material of these
plumes was lighter then the previous ones,
and spreading of their heads occurred near
the base of the lunar crust; this could led to
tectonic transformation of the latter and
formation of the maria depressions. Mascons
could be solidified heads of these plumes.
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Table I. Lunar and Mercurian basic
photometric parameters
pv
qv
MOON
Lumme & Irvin (1982)
Shevchenko (1982)
Veverka et al. (1988)
MERCURY
Dollfus & Auriere(1974)
Veverka et al. (1988) - I
Veverka et al. (1988) - II

Av

0.152
0.147
0.136

0.476
0.509
0.451

0.072
0.075
0.061

0.130
0.140
0.138

0.56
0.473
0.486

0.073
0.066
0.067

Fig.1 shows comparison of disk-integrated
phase function for Mercury and the Moon. The
lunar photometric curve was obtained from analysis
of 26 lunar phases of the Earth-based observations
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Fig. 1
and space survey from the spacecraft Zond-3,
Zond-6, Zond-8 and Apollo-13 (full disks) [2, 5].
The effect of opposition was investigated and the
true albedo values have been found. For interval of
o
o
phase angles from 0 to 2.3 the effect of opposition
o
o
is about 11% and from 0 to 5 it is 18%. Mercurian
phase function was constructed on the base of
Danjon s data modified by Vaucouleurs [6].

Lunar and Mercurian diskintedrated phase curves

Dm, magnitude

Introduction: Experience of lunar studies
shows that space weathering processes on the
Mercury (such as micrometeorite bombardment
and solar wind ion bombardment etc.) are forming
upper layer of regolith. This process is event of
maturity and it is main block to develop a reliable
model of Mercurian regolith. The physicalmechanical processes affect the optical properties
of an exposed lunar soil. Concerning the Moon the
main spectral-optical effects of space weathering
are a reduction of reflectance, attenuation of the 1µm ferrous absorption band, and a red-sloped
continuum creation. The example of remote
determination of the maturity of lunar soil from
Clementine spectral data was very effective. The
amount of fused glassy particles and others
agglutinates in the lunar upper layer is the direct
index of the soil reworking caused be the
micrometeorite bombardment. Besides, this
micrometeorite bombardment is also responsible
for the mechanical process through which the large
particles are broken down into smaller ones. For
lunar regolith was showed that increasingly mature
soils become progressively finer-grained, bettersorted, and composed of a greater proportion of
agglutinates.
Disk-integrated photometry of Mercury:
Results of observations of Mercury and the Moon
confirm the close similarity of photometric
properties of the bodies. In Table I some of
determinations of the basic photometric quantities
are summarized. The data demonstrates that
average photometric characteristics of the surface
layer on Mercury are nearly identical to those of
the Moon.
Other argument of identical structure of the
regolith surface layers of the bodies is similarity of
the lunar and Mercurian photometric functions.
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Fig. 2
Fig. 2 represents the comparison of the lunar
and Mercurian disk-integrated phase curves derived
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log Pmax, (%)

on base of a cubic equations for each body [7]. It s
clear that both curves are similar. Some difference
o
o
in the phase range from 40 to 100 can be
affected by surface roughness. Since inclination of
the phase curve and magnitude of the opposition
effect are also correlated with the shadow function
being dependent on the surface roughness it s may
be concluded that Mercurian relief in scale of meter
details is more smooth than lunar one.
Spectropolarimetry of Mercury: T h e
increasing rate of the fused glassy fragments, of
agglutinates, and of fine size fraction in the regolith
during its space weathering affects the polarization
of the light reflected by an exposed lunar or
Mercurian soil. Therefore, polarimetric properties
of the regolith may be modified by the soil
reworking process in the course of time. Dollfus
showed that the maximum of polarization for
irradiated by protons flux (simulation of the solar
wind radiation on the Moon), is reduced in the red
part of the spectrum [8]. So, the determination of
the maturity level of a lunar soil could be based on
upper layer. Later on the example of summary
powders, laboratory taken as lunar soil analogues
existence of the wavelength dependence of the
known relation between albedo and maximum
polarization. From systematic observation of the
Moon the authors obtained a common relation:
log Pmax = k1 log λ + k2,
where k1 and k 2 are constants dependent on the
type of surface terrain and from properties of
regolith.

Mercurian wavelength dependence
of Pmax and lunar data
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Fig. 3

This relation can be used for Mercury. In Fig. 3
shows results of summary of polarization
measurements of whole disk of Mercury from [4]
(circles 1). Straight line shows linear regression

explained by individual shadow function in each
case because of the integral phase brightness is
which corresponds to relation mentioned above (k1
= -1.0448, k2 = 3.7541, coefficient of correlation is
— 0.9946). Positions of the points (2 — 6)
corresponded to some lunar highland objects
confirms the remarkable similarity of the
polarimetric properties of Mercury and the Moon.
Designation of points is following: 2 — Palus
Somnii [9], 3 —Schiller [9], 4 —Ptolemaeus [10], 5Bullialdus [10], 6 —Gassendi [10].
Maturity of the Mercurian soil (whole disk):
In previous our works (see, for example, [11]) we
developed the method to determine the maturity of
lunar soil by using spectropolarimetric ratio
Pmax(B)/Pmax (R) for blue (B) and red (R) spectral
regions. On the basis of known laboratory results
and telescopic data, it was found that
spectropolarization ratio:
Im = Pmax(419nm)/Pmax(641nm)
could be used as a remote sensing parameter of
lunar soil maturity. Data represented in Fig. 3
confirms that this method can be used for
estimation of the Mercurian soil maturity (in scale
of whole disk). Corresponding information
represents in Table II.
Table II. Lunar crater maturity
Crater name
Im
Is/FeO
Ptolemaeus
1.452
68
Bullialdus
1.451
68
Gassendi
1.415
75
Conclusions: Maturity of the soil on the
Mercurian surface in scale of whole disk is similar
to space weathering of the soil in large old craters
on the lunar highland.
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PERMANENTLY SHADOWED AREAS AT THE LUNAR POLES. V. V. Shevchenko1, E. A.
Kozlova1, G. G. Michael1. 1.Sternberg State Astronomical Institute, 119899, Moscow, Russia.
shev@sai.msu.ru.
The orbital plane of the Moon is inclined to
the plane of the ecliptic at an angle which
varies from 4,98° to 5,28° over a period of
18,6 years. Taking account of these
movements, the maximum altitude of the Sun
above the celestial equator at midday is 1,7°.
So, the limb of the Sun rises a maximum of
1,95° above the horizon at the lunar poles.
Therefore topographic depressions near the
lunar poles may contain water ice deposits.
We have used the Morphological catalogue
of the craters of the Moon [1] for our work.
We researched the regions with latitude higher
than 60° for both hemispheres of the Moon.
944 craters and 1119 craters with diameters
larger than 10 km was considered for North
and South polar regions respectively. The
depth of a crater was estimated as:
H=0,196*D1,01 ,
for the interval of diameter from 10 km to 15
km (2), and as
H=1,044*D 0,301 ,
for craters with diameter larger than 10 km [2],
where H is the depth of the crater, and D the
diameter.
We calculated the areas of permanently
shadowed regions for each crater. The total
number of craters with a wholly shadowed
floor is 44 for the North polar region and 43
for the South polar region. 111 and 122 craters
have a floor permanently shadowed less than
10% at the North and South poles
consequently. The areas of these terrains make
up 0,07% and 0,09% of the total lunar surface
respectively. 393 craters at the North pole and
472 craters at the South pole have a floor
permanently shadowed more than 10 % and
less than 30%. The areas of these terrains
make up 0,14% of the total lunar surface for
the North polar region and 0,17% for the
South polar region. The 251 craters at the
North pole and 304 craters at the South pole
have a floor permanently shadowed more than
30% and less than 50%. The areas of these
terrains are 0,1% of total lunar surface for
North polar region and 0,09% for the South
polar region. The number of craters with floors

permanently shadowed more than 50% and
less than 80% is 107 for the North polar region
and 120 craters for the South polar region. The
areas of these terrains are 0,06% of total lunar
surface for North pole and 0,05% for South
pole. The number of craters is 88 in the North
polar region and 101 in the South polar region.
The areas these terrains are 0,05% of the total
lunar surface for both polar regions,
respectively.
Watson et al. [3] and Arnold [4] examined
the illumination conditions near the lunar poles
in different latitude zones. Their estimates of
the percentage of permanently shadowed areas
of the total lunar surface are listed in Table 1:
Table 1.
Latitude
This
zone
study
60 ° - 70 ° 0,26
70 ° - 80 ° 0,35
80 ° - 90 ° 0,28

Arnold
(1979)
0,08
0,19
0,21

Watson et
al. (1961)
0
0,23
0,21

Our estimates of the total area of
permanently shadowed regions is 0,42% of the
total lunar surface or 160109,4 km 2 at the
North pole and 0,47% of total lunar surface or
180099,4 km 2 at the South pole.
The paper is fulfilled with the support of
INTAS Grant №1/792.
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Fig.1. The distribution of the craters with floors permanently shadowed more than 80%
for both polar regions.
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VENUS MAP. A NEW MAP OUT OF THE SERIES OF MULTILINGUAL RELIEF MAPS
OF TERRESTRIAL PLANETS AND THEIR MOONS
K.B.Shingareva1, B.V.Krasnopevtseva1, M.F.Buchroithner2. (1) Moscow State University for
Geodesy and Cartography, Kira.Shingareva@mtu-net.ru; (2) Dresden University of Technology,
buc@karst9.geo.tu-dresden.de.
1. Introduction. In the new millennium
space activities will increase significantly.
Evidence for this give the manned flight of
International Space Station and regular
launches of automatic stations to Mars,
asteroids etc. Within the last few years it
became quite evident that in the future more
and more planetary lander and surrounder
missions will be carried out. On the other
hand, the average knowledge about the
atmospheres, shapes and relief of the planets
is still rather meager.
In order to supply the interested public as well
as experts with information about the
"extraterrestrial geography", in particular the
relief, of planets a new series of relief maps
has been launched with the publication of a
Mars Map as the first one and a map of
Venus in continuation of this series now. The
Mars Map demonstration at the 1999 ICA
Conference in Ottawa made it clear that the
international interest in such a map series
certainly justifies its production efforts.
We decided to go the same way as during the
compilation of the Mars Map, namely to show
at first preliminary version of the Venus Map
at a scale 1: 45 000 000. We envisage to
produce a map of increased quality after some
discussion of the map contents and hopefully
supply of additional information.
The “preprint” has a format of 55 cm x 84
cm, the two hemispheres covering a printing
area of 47 cm x 78 cm. In addition to the map
proper, collateral information concerning the
map production is also printed in five
languages.
2. Production Basis. The Venus Map project
continued the close scientific cooperation
between the Moscow State University for
Geodesy and Cartography (MIIGAiK),
Russia, and the Institute for Cartography of
the Dresden University of Technology (TUD),

Germany. Since the main goal of the
envisaged maps of this series was the highaccuracy depiction of its overall relief, we
were looking for an adequate representation.
A "classical" shaded relief representation was
chosen which was already used for the Mars
Map. At MIIGAiK a pencil-made manual hillshaded Venus relief was prepared. It assumes
an illumination from the west with an
elevation angle equal/smaller to 40o. So far,
this pencil drawing on film seems to be the
most
impressive
depiction
of
the
geomorphological features of the whole
planet: highlands and lowlands, mountains
and valleys etc. are very clearly and
spontaneously perceivable. Thus one can
obtain a good impression of relief details of
the entire planet Venus, and, hence,
simultaneously get an idea of its physiognomy
as a whole. The overall quality, the richness in
detail and the original size of the shading
suggested a final map scale of 1: 45 000 000.
It was, however, not possible to use the relief
drawing at once without some additional work
because of its smaller scale, plus/minus 100o
in longitude, and the above mentioned "white
spots" in the south polar region. This original
depiction was part of the "Atlas of Terrestrial
Planets and their Moons" published in 1992,
at a time when the Magellan Mission had not
yet finished the surveying of Venus. This is
the reason why there still existed spots
without information on the Venus maps.
Today some maps covering the whole Venus
have been produced by the U.S. Geological
Survey. One of them at scale 1:50 000 000
was used to recompile the available map. It
was necessary to digitize of the map
information of the polar region and transform
it into another projection. This operation was
accomplished by the program "GeoDraw".
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Then the supplementary hill-shading was
generated on this basis.
3. Map Production. Based on the decision
that the final map scale had to be “unround” which resulted in a diameter of the two
hemispheres of approx. 40 cm - a first general
map layout was made. Soon it became clear
that it would be advisable to print all the
collateral information about the planet Venus
not on the front side but rather put it into text
blocks in the back.
For the production process conventional
reprographic methods were applied, using a
repro screen of 54 points/cm for the relief
shading original. Some attempts were made in
order to optimize the reproduction of the relief
representation, in particular
to balance
between the bright tones of the highlands and
the darker tones of the lowlands.
The coordinate grid of the map whose
geometry is based on the Transversal
Equivalent Azimuth Projection of Lambert
shows every twentieth parallel and meridian.
The lettering is kept in black and displays
different fonts: for craters 7 point Arial,
capital letters; for mountain ranges 7 point
Arial Italic, capital letters; for plains 7 point
Arial, wide spacing, capital letters; for landing
sites 7 point, Arial. Thus, it gives explanations
on all known and named geographic features.
The type of lettering allows to deduce the
geomorphological categories.
Below the title "Venus", between the two
hemispheres, one finds the astronomical/
astrological symbol for this planet.
For the printing three colors have been used.
All letterings have been printed in black. The
background of the whole is kept in "nightblue", representing the darkness of the outer
space and using special printing ink.
The paper format of the map is 55 cm x 84
cm, the format of the printed area being 47 cm
x 78 cm which corresponds to the hemisphere
diameter. The printed area in the back
amounts to 43 cm x 81.5 cm. This is the size
of a frame which contains explanatory texts
about map and planet.

The front side also comprehends collateral
information about map designer, printer,
editor, cartographers and consultants.
The back side displays geophysical
information about the Venus like density,
radius, volume, albedo, orbit inclination ,
rotation period, and many more
Besides a list of imaging Venus Sondes , a
complete glossary of "Venus-morphological"
terms like tessera, corona etc. completes the
backside information.
All this information is (from left to the right)
given in English, German, French, Spanish
and Russian (in Cyrillic letters), each text
block being printed in a light-grey, screened,
elongate box of 14.6 cm x 39.8 cm.
4. Concluding Remarks. With all its features
like easy-to-perceive relief representation,
complete landing sites, glossary of
morphological terms and its five-language
multilingualism the described Venus Map is
unique world-wide. Next in the envisaged
series of planetary maps will be the Moon
map, which will also be produced in close
cooperation between TU Dresden and
MIIGAiK.
International sales and distribution are carried
out by the Institute for Cartography of the
Dresden University of Technology.
5. References. Preliminary version of Mars
Map, presentation on ICA-Conference,
Stockholm,1997. M.Buchroithner Mars Map
- the first of the Series of Multilingual Relief
Maps of Terrestrial Planets and their Moons,
ICA-Conference, Ottawa, 1999. Atlas of
Terrestrial Planets and their Moons, Moscow,
MIIGAIK, 1992. Atlas of Venus, 1: 50 000
000 series, NASA, USGS, 1997.
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EJECTA BLOCKS ON PHOBOS: ANALYSIS OF HIGH-RESOLUTION MGS MOC
IMAGE 55103. Shingareva T.V., Vernadsky Institute, Russian Academy of Sciences, Kosygin St.,
19, Moscow, 117975, Russia, shingareva@geokhi.ru
Introduction. At the first time the blocks on small
bodies have been observed on the “Viking-Orbiter
“ images of Phobos and Deimos [1,2]. Recently
the positive relief features (PRFs) were identified
on asteroids 243 Ida [3] and 433 Eros [4]. The
blocks are believed to be coherent ejecta
fragments like those found in association with
impact structures on the Earth, Mars and the
Moon. The observation of blocks on small bodies
is a direct evidence of regolith retention on their
surfaces, because PRFs represent the coarsest
fraction of regolith. So the ejecta blocks and their
distribution provide information on the physical
properties and processing history of Phobos’
surface.
Background. The three MGS MOC highresolution images (52603 (6.7 m/px), 50103 (4.4
m/px) and 55103 (~1.5 m/px)) show about 2000
isolated PRFs that are almost certainly ejecta
blocks [5]. Moreover, on the highest-resolution
MOC image 55103 there is abundance of small
hummocky PRFs or knobs that probably are
buried, weathered or small ejecta blocks forming
clumps. We had identified about 6400 PRFs on
this image with diameter range from 3 to 36 m [6].
So we could estimate the ratio between ejecta
blocks and knobs on Phobos taking into account
that the number of ejecta blocks identified on
images 52603 and 50103 is about 3 % of the total
counting [5]. Thus the knobs make two thirds of
all PRFs on studied image (55103), hence there
are processes of intense weathering or burying the
ejecta blocks on Phobos.
Observation. Using MOC image 55103 we
attempted to find some evidences of the processes
changing the appearance of ejecta blocks. The
image covers an area ~20.7 km2 adjoined to the
outer rim of the largest crater Stickney (10 km in
diameter). Imaging area represents a wide (~3 km
across) band extending latitudinal for about 7 km
(roughly from 20 o W till 350o W) to the north-east
from Stickney. In the western part of the image
(adjoined to Stickney rim) the area with smooth
surface is observed. Probably, this area is covered
by a layer of material with rather homogeneous
size of grains. Such a layer is apparently an
analogue of the mobile layer on Deimos, which
slides down the regional slopes and smoothes the

surface at the global scale [7]. Farther outward the
Stickney rim the smooth material layer fills in the
grooves and intermits with the rocky covers which
are strikingly distinguish from the smooth ones. It
seems that these covers consist of abundance of
not-sorted blocks and boulders with the most part
of them being under the image resolution. The
rocky covers extend latitudinal between the
grooves. They are ~30-150 m wide and ~300-1000
m long [6]. Within the covers the system of
parallel fine grooves (3-5m wide, 10-100m long
with spacing ~5-7m) are observed. Orientation of
the fine features consists with azimuth about 145°.
They also superpose on some craters. The eastern
half of the studied image is characterized by rather
smooth surface with randomly distributed blocks
and knobs.
Block statistics. At first we analyzed the PRFs
cumulative density for all studied image. The
slope index for the cumulative block density curve
for blocks >8m is –5.33, and for smaller blocks is
-1.57 (fig.1).

Fig.1. Size-frequency distribution of blocks on the
studied areas (image 55103 MOC MGS). Average
curve is obtained on the area ~17.4km2. Curves
for areas 1–5 are obtained from the well
illuminated part of the same image (~12.2km2).

Shingareva T.V., Ejecta Blocks On High-Resolution Image Of Phobos.
The counting area with the exception of shadowed
dark places was ~17.4 km2. Then we attempted to
compare the PRFs densities along the image
extension (from west to east). We divided the
original image into equal bands perpendicular to
west-east direction. Then we had to modified these
parts because of the distortions of the image, so
the result counting areas became not equal. Thus
we obtained five areas, consequently extending
outward the Stickney rim from ~20oW till ~5oW
(father eastward there are many shadowed places).
The total area for this counting is ~12.2 km2 and
total number of PRFs is 4530. The numbers of the
areas increase with the distance from Stickney
rim. Figure 1 shows that the block densities on
Areas 3,4,5 are equal to each other and to average
Phobos curve. Some exception shows the Area 4
which contains the largest block on studied image.
Area 2 has about twice more small blocks and
knobs (3–8 m in diameter) than the average
surface. Area 1 curve strikingly differs from all
others. It shows significantly (about two times)
less small blocks. And as a whole it seems to be
lower than the average curve. We also analyzed
the crater statistics for the same part of the image,
divided by three areas (fig.2). There is no
sufficient difference between the curves.

of surface on studied area. 1) smooth surface
adjoined to Stickney crater outer rim, this type
characterized by twice lower block amount than
the average for Phobos. 2) rocky covers, which
increased the small blocks (in the range 3–8 m in
diameter) amounts for about two times than the
average ones. 3) fairly smooth surface with
randomly dispersed blocks and knobs. It covers
more than the half of studied area. Thus the first
type of surface is a result of mass-wasting
processes on Phobos. It seems to represent the
downslope near-surface movement of material [9].
Probably, the thickness of this mobile layer
inclined eastward, so it had buried the half of the
common PRFs on the area 1. The second type
represents the preserve parts of the initial Stickney
ejecta blanket. It seems that this rocky covers are
overlapped in places by the first type smooth
material. And the third type represents the
widespread surface of Phobos. It seems to show a
little influence of Stickney crater ejecta, as the
randomly dispersed PRFs could come from other
craters too, and part of them might be returned
former crater ejecta from Phobos orbit. The sizefrequency distribution of craters does not change
with the distance of Stickney, too.
Acknowledgments. The author thanks A.T.
Basilevsky and R.O. Kuzmin for useful
discussions.
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Fig.2. Size-frequency distribution of craters on the
studied areas 1–3 (image 55103 MOC MGS).
Total counting area is ~12.2 km2. Average curve
for all Phobos’ surface is obtained by P.C.Thomas
[8].
Discussion and conclusion. Provided counts and
observations let us distinguish at least three types
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MISSION. Yu. G. Shkuratov 1 , M. A. Kreslavsky1 , L. N. Litvinenko2 , and A. A. Negoda 3 . 1 Kharkov

Astronomical Observatory, 35 Sumskaya, Kharkov, 61022, Ukraine; shkuratov@ygs.kharkov.ua;
2
Radioastronomical Institute of NASU, Kharkov, Ukraine; 3 Ukrainian Space Agency, Kiev, Ukraine.
Introduction: In 60s-70s Ukraine took part in
the Soviet manned lunar program, producing the
important modules for the lunar landing complex
(the project N1-L3). In particular, the Block-D
rocket stage, which would be used by the L3
spacecraft during lunar orbit insertion and descent
to the surface, was tested in space (Cosmos-379, 382, -434, and -398).
Now Ukraine actively develops its own space
industry taking part in several international projects such as “Sea Launch”. Ukraine has launch
vehicles, which are able to deliver about 300 kg to
the lunar orbit. Participation of Ukraine in the lunar exploration is considered now as a perspective
scientific goal. As a first step of the future
Ukrainian lunar program, a lunar polar orbiter
could be proposed. We consider objectives of this
prospective mission and its possible scientific
payload.
After successful Clementine and Lunar Prospector missions and the future missions to the
Moon, like Smart-1, Lunar-A, and Selene, a new
polar orbiter should fill principal information gaps
in our knowledge about the evolution and geological history of the lunar surface and provide
really new views of the Moon. We believe that
such missing views can be provided by radar
studies of the Moon with supporting optical polarimetric observations from lunar polar orbit.
These new views are very important to understand global structural properties of the lunar surface in a wide range of scales. We propose three
instruments for the prospective lunar orbiter.
They are: (1) a synthetic aperture imaging radar
(SAR), (2) ground-penetrating radar (GPR), and
(3) imaging polarimeter (IP). Study of the Moon
with these devices addresses the following objectives.
Scientific objectives.
1. Imaging of the polar regions. The polar regions of the Moon are of great interest because
they are cold traps for volatiles with a potential of
resource utilization. Possible presence of water
ice in the regolith in the polar regions makes these
sites interesting for the permanent manned base
on the Moon. Nearly 1% of area within the polar
regions is never illuminated by Sun and cannot be
imaged with common optical technique. Sun is

low all the time in the polar region, and a large
area is shadowed at each moment. Due to this,
conventional images successfully used for photogeological study are almost useless for the polar
region. Mosaics of images taken at different illumination directions differ significantly from the
conventional images. For comparative photogeological studies of the polar regions, the scientific community needs the polar regions and better
studied low-latitude regions to be imaged in
rather uniform way, which is impossible with sun
illumination. The remedy is active probing with
SAR. From a near-circular polar orbit, SAR can
potentially provide a uniform imaging of all the
surface.
2. Stratigraphy and internal structure of the
upper lunar crust. Our knowledge about the upper
layers of the lunar surface is rather poor. More or
less reliably we know that the regolith layer varies
in thickness from cm to dm scales. We know that
both thickness and properties of the regolith vary
over the surface. Hypothesized presence of ice in
the regolith of the polar regions is an outstanding
problem. There are almost no data on the megaregolith slab and its structure. Geological interpretation of the surface features seen in the images
gave some valuable information about the upper
crust geology, but scientific community is still far
from uniform exhaustive understanding of lunar
geology. We believe that GPR data could give
noticeable advance in this direction. In some
cases GPR can be used for measuring the megaregolith slab properties and thickness, mapping
mare basalts thickness, detection of Nectarian and
pre-Nectarian volcanic plains (cryptomaria),
searching for shallow ingenious intrusions and
geological studies of internal structure of the largest impact craters. SAR data in combination with
GPR data could give valuable information about
variations of regolith physical properties and
thickness, including detection of hypothesized
subsurface ice in the polar regions.
3. Regolith properties. Due to trapping volatiles, the lunar regolith is of great interest for the
future resource utilization. In addition, the regoliths of the atmosphereless bodies contains a record of geological events in the bodies history.
Decoding this record could give information
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about geologically recent (Copernican) geologic
events, about variations of the impact rates in the
Solar System, etc. To better understand evolution
of the lunar regolith, it is necessary to know its
structure characteristics. Combination of SAR and
GPR data could give estimates of the regolith
thickness, density, and ice content, as mentioned
above. Photometric properties (dependence of the
surface brightness on illumination/observation
geometry) are controlled by the centimeter- to
submillimeter-scale structure of the uppermost
regolith layer. Polarization degree at large (~90°)
phase angles bears the information about the
characteristic size of the regolith particles. In particular, there is a close correlation between the
average size of particles of the lunar regolith and
polarimetric parameters. This correlation can be
used for calibration of polarimetric data in terms
of regolith particle size and maturity degree. Note
that polarimetry of the lunar surface has never
been done from spacecraft. High-resolution polarimetric and photometric imaging of the surface
can give data on regolith maturation processes as
well as on a consequence of different geological
events.
Payload
1. Synthetic Aperture Imaging Radar. SAR
imaging was very successfully implemented in
Venera-15, -16 and Magellan missions to Venus.
A radar system similar to that used in Magellan
mission can provide the spatial resolution of 50 m
or even better from a 100-km lunar orbit. Absence
of atmosphere allows consideration of shorter
wavelengths in comparison with Venus’ missions.
This can provide better resolution and/or lighter
radar system. Earth-based radar imaging of the
Moon has proved usefulness of radar images for
geomorphology and study of surface properties.
Additional radiophysical experiments are considered with the use of the SAR radar system. (1)
Bistatic radar sounding with the onboard transmitter and Earth-based receiver, which allows
obtaining additional information about electromagnetic properties of the regolith. (2) Interferometry with the onboard transmitter and two
Earth-based receiving antennas or onboard and
Earth-based receivers, which allows reconstruction of surface topography.
2. Ground-Penetrating Radar. Radiowaves
penetrate the lunar surface to the depth of order of
a few tens wavelengths. Owing to that multifrequencies multi-polarization sounding of the
lunar surface with GPR can provide the informa-

tion about an internal structure of the lunar surface from meters to several hundred meters deep.
GPR will provide us with principally new remote
sensing data in comparison with previous lunar
missions. GPR inevitably has a modest spatial
resolution. Experience of forthcoming studies of
Mars surface with GPRs in Mars Express and
Mars Reconnaissance Orbiter missions will impact the design of the proposed lunar orbiter GPR.
Options of bistatic and interferometric experiments with GPR are also considered similarly to
SAR, however such experiments are more problematic due to the Earth atmosphere.
3. Imaging Polarimeter (IP). Its design looks
very similar to CCD cameras widely used for imaging of planetary surfaces with additional set of
polarizers. Modest spatial resolution (50-100 m)
should provide a total coverage or a large portion
of the lunar surface in oblique viewing basically
at large phase angles. Operation of SAR and GPR
does not depend on the Sun position, and the orbit
is thought to be optimized for imaging. In course
of the mission, the whole surface can be imaged
several times at different illumination conditions
to provide a good data set for mapping photometric an polarimetric properties.
Conclusions: The presented prospective lunar
project is potentially able to give independent and
important scientific data about the Moon. Implementation of this project is considered to be possible with an international co-operation during 5-6
years.
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LUNAR SURFACE WITH VIS-NIR SPECTRAL DATA. D. Stankevich1, Yu. Shkuratov1, C. Pieters2, and R.
Jaumann 3. 1Kharkov Astronomical Observatory, 35 Sumskaya, Kharkov, 61022, Ukraine; 2Brown University,
Providence. RI. USA; 3Deutsches Zentrum für Luft- und Raumfahrt, Berlin. Germany.
Introduction: The main goal of spectral remote
sensing of the Moon is to estimate chemical and mineralogical composition of its surface. Ratios of albedo
at different wavelengths λ1 and λ2 (i.e. color indices
C(λ1/λ2)) are widely used to determine main chromophore elements, such as iron and titanium, in the lunar
regolith. For instance, an empirical relationship between TiO2 content and ratio C(0.4/0.6µm) is wellknown, e.g., [1]. There are also attempts to estimate
FeO content using NIR lunar data [2,3]. However, an
important question remains unanswered: which waveFig. 1.
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lengths are optimal to estimate a given chemical/mineralogical parameter. Developing [4] we discuss below this problem for the case of iron and tita
nium content determination.
Initial spectra and data processing: Two sets of
lunar samples spectra with corresponding chemical
data were used: (1) a set of 34 spectra (for both bulk
and size-separated samples of lunar soils) measured in
the range 0.35–2.5 µm with RELAB at Brown University [4] and (2) a set of 22 spectra, 14 wavelengths in
the range 0.4–2.4 µm, obtained in DLR for soil and
rock samples [5]. Each set of spectra was resampled
for a uniform wavelength step equal to 0.05 µm, then
all possible color indices C(λ1/λ2) were calculated.
Then the correlation coefficients Q(λ1,λ2) between all
possible color indices C(λ1/λ2) and FeO and TiO 2 content were calculated. For the latter case we used logarithmic axis as it provides somewhat better correlation
with color indices. Results – correlation diagrams – are
plotted on Figs. 1-4. Fig. 1 and 2 present respectively
RELAB and DLR data for titanium and Fig. 1 and 2
show the same for iron. The extrema at these plots corresponding to the most optimal wavelengths for determination of FeO and TiO 2 content were found. The
chosen pairs of the wavelengths and proper correlation
coefficients Q as well as coefficients of regressions
log(TiO2%) = ATi + BTi C(λ1/λ2) and (FeO%) = AFe +
BFe C(λ1/λ2) are presented in Tables 1 and 2, respectively.
Table 1
λ1/λ2 µm
QTi
ATi
BTi
DLR data
0.4 / 0.7
0.563
-1.101
2.486
0.95 / 1.0
0.484
-7.945
8.735
1.30 / 1.15
-0.523
8.254
-7.089
RELAB data
0.35 / 0.6
0.693
-1.324
3.422
1.1 / 0.9
0.803
8.455
-6.618
1.30 / 1.25
-0.601
23.787
-22.267

1.0 / 0.4
2.4 / 2.5

0.1
0.3

0.2

0.4

1

1.30 / 1.25
1.0 / 0.35

AFe
DLR data
-0.714
297.156
-0.719
23.092
RELAB data
-0.805
23.653
-0.784
125.918
QFe

BFe
-274.164
-3.858
-4.305
-115.451
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Results and discussion: First of all note a good resemblance of the correlation diagrams corresponding
to RELAB and DLR data, though for these diagrams
we used very different data. As one can see in Table 1
and Figs. 1 and 2, there are three combinations of
wavelengths, where the correlation coefficients Q are
comparatively high. It should be emphasized that for
different sets of spectral data the corresponding combinations are rather close to each other. For RELAB
data the correlation coefficients are somewhat higher,
as they include only mare soils, whereas the DLR data
comprise more inhomogeneous set of samples (a few
of them we even excluded from the analysis, since they
have too high albedo). The first wavelength combination (blue/red) is well-known, but the second and third
ones were never used before for determination of titanium content. The combination 1.1/0.9 µm seems to be
even strange, as these wavelengths are rather characteristic for iron content.
In case of iron content diagrams (see Figs. 3 and 4)
there also exist a rather good resemblance of RELAB
and DLR data. In particular, for close ratios 1.0/0.4 µm
(RELAB) and 1.0/0.35 µm (DLR) we found rather
high correlation coefficients. The second RELAB best
pair 2.4/2.5 µm has no corresponding pair for DLR
data. A possible reason is the pure spectral resolution
of used data at this spectral range. The ratio 1.30/1.25
µm turns out optimal both for FeO and TiO 2 content.
Perhaps it is due to the correlation between titanium
and iron abundance.
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COMPUTER SIMULATION OF SPUTTERING OF LUNAR REGOLITH WITH SOLAR WIND
PROTONS: IMPLICATION TO REDUCTION OF IRON AND TO POLAR HYDROGEN CONTENT.
L. V. Starukhina, Kharkov Astronomical Observatory, Sumskaya 35, Kharkov, 61022, Ukraine, starukhina@astron.kharkov.ua
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In Fig. 1, the number of backscattered and sputtered atoms per incident proton vs. the angle of proton incidence is shown.
Backscattering and sputtering of solar wind
hydrogen: Solar wind protons of the average energy
penetrate into the target to the depth about 500 Å, so
another constituent of the layer subjected to sputtering is the implanted hydrogen itself. As well as the
other target elements, it is sputtered in further solar
wind bombardment. Beside sputtering of the implanted H atoms, some of the incident H atoms are
backscattered from the target. Some authors [4] considered ballistic hops of H atoms (and other H and Dbearing species of solar wind origin) in lunar exosphere as one of the possible sources of hydrogen
detected in the permanently shaded polar regions of
the Moon [5]. Hydrogen desorbs from solid surfaces
only in molecular (H 2) form and the desorption is
very fast even at temperatures of permanently shaded
lunar craters. So the only way for solar wind H-atoms
to reach the poles is to be either backscattered or
sputtered from the surface with the energy less than
that of the escape from the Moon gravity (0.03 eV
for H atoms), after which one ballistic jump of Hatom is possible. Using SRIM program, we calculated the fraction of solar wind protons that remain in
the lunar exosphere and can reach the lunar poles.

Log(dN/ NdE, eV-1)

Computer simulation of sputtering of lunar
regolith with solar wind protons: Chemical composition of mature lunar soils and that of the upper
layers of the regolith particles on the surfaces of atmosphereless celestial bodies is known to be different
from the volume composition [1]. The observed reduction of Fe, Al, Si, and Ti [1,2] is the evidence of
loss of oxygen with respect to metal elements. There
are two space weathering processes that may change
surface composition: evaporation-condensation due to
meteoritic bombardment and sputtering of the surface
material by solar wind ions, mainly protons. Both
processes may result in selective removal of some
elements and surface enrichment with the others.
To determine the contribution of sputtering into
surface enrichment with metals, in particular Fe, we
simulated sputtering of lunar regolith by solar wind
protons with SRIM programs [3]. Protons with the
energy 840 eV (which corresponds to the average
velocity of solar wind 400 km/s) were taken as projectile. The target was glass of atomic composition
close to that of lunar regolith: 60 at.% O, 30% (Si +
Al + Mg), 5% Ca, and 5% Fe. The characteristic
energies of the target were 2 eV (binding), 15 eV
(atomic displacement), and 1.5 eV (surface threshold), which is typical for solid material. As there are
no data about the individual characteristic energies for
each sort of atoms in natural minerals and glasses, we
took equal values for all sorts of atoms of the target.
SRIM program provides information about the
atomic number, energy, position and direction of
each sputtered and backscattered atom. Analysis of
the information gives the dependence of sputtering
yields on the angle of projectile incidence and the
angular and energy distributions for each sort of atoms, either backscattered or sputtered, that leave the
surface.

90

Simulation results: Selective loss of target atoms. In the approximation used (i.e., equal characteristic energies for all sorts of atoms and no secondary
sputtering), no selective sputtering was found, which
is typical of sputtering by protons. The only channel
for selective loss of sputtered atoms is their removal
from the Moon due to high energies. The escape velocity for all sorts of atoms is 2.37 km/s. The energy
distributions (Fig. 2) for all sorts of target atoms
were found to be almost the same too, whereas the
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energies of the escape from the Moon are proportional
to atomic mass (the escape energies for H, O and Fe
are shown in Fig. 2 by dashed lines). The fractions of
sputtered atoms with energies lower than those of the
escape from the Moon were found to be 0.087, 0.16,
0.22, and 0.285 for O, Si, Ca, and Fe, respectively.
The angular distributions for the atoms sputtered and
backscattered at low energies for the range of proton
incidence angles from 0 to 70° are shown in Fig. 3.
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The other reason for sputtered or backscattered atoms to remain on the Moon is their collisions with
regolith particles. SRIM programs allowed us to obtain the average sputtering and backscattering indicatrix of a regolith particle (Fig. 4); then, using the
probability for a line that starts on the regolith-like
surface at an angle to the normal to leave the surface [6], we found that the fraction of atoms that collide with the surface is 0.5 for sputtered and 0.53 for
backscattered atoms. The rest of the atoms can leave
the Moon provided that their energies are lower than
those of the escape. In average, 55% of all sputtered
atoms return to the regolith. For oxygen, total fraction of the sputtered atoms that remain on the Moon
is 0.53; for Fe, the fraction is 0.63. At the obtained
sputtering yield for a spherical particle Y = 0.13, this
difference can provide the greatest volume fraction of
Fe0 10 -3 observed in [7], if 22% of the volume of
regolith particles undergo sputtering. As about a half
of the sputtered atoms returns to the regolith, this

means that only about 10% of particle volume is to
be lost, i. e., particle size decrease in average by 3%.
This can be achieved after exposition to solar wind of
each side of all regolith particles during the time s ≈
0.03·ln/jY, where l is the average initial particle size,
n = 1023cm-3 is the number of atoms per unit volume
of solid material, and j ≈ 10 8cm-2s-1 is the average
solar wind flux. At l = 65 µm, s ≈ 6·10 4 years. As
the exposition time is quite reasonable, sputtering
alone may, in principal, provide the observed excess
metal in lunar soils.
The contribution to the hydrogen flux on the
poles. Calculations with SRIM programs show that
only about 4·10-4 of backscattered and 5·10-4 of sputtered H-atoms remain in the lunar exosphere. Total
flux of H-atoms that can reach the lunar poles is
about 10-4 of that of solar wind, i. e. 104 cm-2s-1. This
is at about 2 orders less the proton flux provided by
the Earth magnetotail [8].
Conclusions: (1) Sputtering by solar wind protons may provide the observed excess metal in lunar
soils.
(2) Contribution of solar backscattered and sputtered wind protons into hydrogen flux in the lunar
polar regions is negligible as compared to proton flux
from the Earth magnetotail.
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EXPERIMENTAL DATA ON MELTING AND VAPORIZATION EFFECTS OF Ti-BASALT –
MURCHISON MIXTURE AND “PRISTINE” LUNAR GLASS COMPOSITION. O. I. Yakovlev1, Yu. P.
Dikov2, M. V. Gerasimov3, F. Wlotzka4. 1Vernadsky Institute of Geochemistry and Analytical Chemistry, RAS,
Moscow 117975, GSP-1, Kosygin St., 19, e-mail: yakovlev@geokhi.ru , 2Institute of Ore Deposits, Petrography,
Mineralogy and Geochemistry, RAS, Moscow 109017, Staromonetny per., 35, e-mail: dikov@igem.msk.su ,
3
Space Research Institute, RAS, Moscow 117810, Profsojuznaya st., 84/32, e-mail: mgerasim@mx.iki.rssi.ru ,
4
Max Plank Institut fur Chemie, Abteilung Kosmochemie, Mainz, Germany
Introduction: Last year we presented the
experimental results showing that the lunar glass
spherule compositions were generally controlled by at
least two processes – selective vaporization and impact
melting of initial regolith components without their
effective mixing in liquid state [1]. Our conclusions
were based on the data of high temperature melting of
“lunar highland” mixture consisted of anorthositic
gabbro and Murchison meteorite. Here we present new
data showing the possible impact vaporization and
melting effects of the model “lunar mare” mixture
consisted of Ti-basalt “target” and Murchison
chondrite “impactor”.
Experimental technique: The experiments were
carried out in a pulse-laser setup in the regime of a free
generation of laser radiation. The Nd glass laser had
the following parameters: a wavelength of λ=1,06 µm,
a pulse energy of 600 J, a power density of radiation of
∼106-107 W/cm2, and a pulse time of ∼10-3s. Typical
temperature under such condition is 3000-4000 K. The
experiments were performed in air at 1 atm. The laser
beam being focused to a diameter of ∼2 mm melted
and vaporized a few tens of milligrams of the sample.
A metal screen was installed in the path of the vapor
and melt droplets at the distance ∼7cm from the
sample.
The glass spherules were found on the condensate
film. They were resulted from spraying of the melt
from the laser spot “crater”. High vapor pressure in the
vaporization zone produced a flow out of the “crater”.
This flow could transport some of the melted material
from the wall of the cavity as tiny spherical particles
(5-20 µm in diameter). The “life time” of droplets in a
melted state was estimated to be not more 0.01 sec.
These parameters of the experiments roughly
correspond to typical of conditions of melting and
vaporization at the impact velocity of about 4-10 km/s
[2].
Modelling mixture: The laser experiments were
carried out with mixture of Ti-basalt and Murchison
meteorite in mass proportion 1:1. Ti-basalt modeled
the lunar mare composition. The projectile
composition was modeled by Murchison C2 chondrite.
The mixture bulk composition was: Si 20.4; Ti 1.0; Al

4.4; Mg 8.8; Fe 21.0; Ca 3.5; O 40.9 (wt.%). Before
experiments the mixture was thoroughly grinded up to
∼3 µm particles. Chemical analyses of glass spherules
were made with X-ray microprobe. We analyzed about
80 glass spherules. The results for Fe, Si, Mg, Ca, Ti,
Al were statistically treated and compared with
compositions of the initial mixture components.
Results: Fig.1 shows the typical view of
homogeneous glass spherules. Their diameters ranged
from 0.5 to 20 µm. Many spherules contained
abundant Fe-metal platelets (0.05-0.1 µm in sizes),
which sitting on the spherule surface (Fig.2). These
metal droplets are probably of liquation origin.
The vaporization losses were found for Si (Fig.3)
and especially for Fe (Fig. 4). The vaporization of Fe
was so intensive that its contents in the glass spherules
decreased on average by 2-3 times comparing to those
of initial mixture. In contrast to Si and Fe, losses of
Mg, Ca, Al, Ti for most glass spherule population have
not been found. As a result of different behavior of Fe
and Mg in the vaporization process the important
petrochemical index – the Mg/(Mg+Fe) ratio, - have
been increased on average by ∼20% (Fig. 5). We
suggest that high vaporizaton ability of iron is due to
autoreduction mechanism which occurs at the high
temperature melting.
It’s important to note that the resulted compositions
of the experimental glasses are similar to those of socalled “pristine” green and orange lunar glasses
(Fig.6). So we suggest that high Mg/(Mg+Fe) ratio
typical for pristine lunar glasses may be not the result
of specific lunar volcanism [3] but produced by
vaporization of Fe from the mare target–chondrite
impactor mixtures in meteorite bombardment process.
References: [1] Yakovlev O.I., Dikov Yu.P.,
Gerasimov M.V., Wlotzka F. Formation processes of
lunar glass composition: preliminary experimental data
//32 Microsymposium Vernadsky-Brown, 2000, 166.
[2] Yakovlev O.I., Dikov Yu.P., Gerasimov M.V.,
Wlotzka F. Vaporization of aluminum from silicate
melt // Geochemistry International, 1997, V.35, N12,
1046-1059. [3] Delano J.W. Pristine lunar glasses:
criteria, data, and implications // Proc. XVI LPSC, part
2, Journal of Geophysical Research, 1986, V.91, NB4,
D201-D213.
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UNUSUAL LOBATE FLOWS IN UTOPIA PLANITIA: DEWATERING OF MEGA-LAHARS? James W. Head1 and Patrick S. Russell1 , 1 Department of Geological Sciences, Brown University, Providence, RI 02912 USA, james_head@brown.edu
Summary: Rounded, lobate branching ridges 100-200
m wide and up to about 2 km in length emerge from the
edges of plateau-like margins of extensive flows interpreted
to be mega-lahars, and terminate in dendritic branches and
small deltas. On the basis of their characteristics and associations, we interpret them to be associated with dewatering of
the mega-lahars shortly after they had been emplaced.
Introduction: Unusual Early Amazonian-aged deposits
exhibiting flow-like morphology stretch from the NW slopes
of Elysium Mons well into the Utopia Basin [1,2]. These
deposits have been interpreted as lahars [1], erosional plains
[3], pyroclastic flows [4], volcaniclastic flows later modified
by ground ice interaction [2], and sub-ice erupted material
[5]. MOLA data supports the conclusion that these deposits
are debris flows emplaced with a high water content [6,7].
These relatively rough, high-standing deposits are associated
with smooth lava flows, incised medial channels, and source
fossae such that elevation seems to control the inclusion of
water among fossae effluents. The relationships and morphology of these units and structures has led to the development of a model of outflow and lahar formation as the result
of disruption of a groundwater confining cryosphere by dike
propagation from Elysium Mons [7,8]. The Granicus Valles
system is a good example of the results of this proposed
model. The contact between proposed lahars and lavas along
the SW margin of the system is for the most part sharp and
steep relative to other slopes in the region at MOLA resolution. We have examined MOC images of several parts of this
deposit to assess in more detail the mode of emplacement of
these deposits. Here we examine MOC image #M0204721,
which was taken across the locally E-W trending contact
(Figures 1, 2).
Description: Much of the surface of the imaged terrain
is relatively flat and composed of a dune-covered surface.
This general terrain is interrupted by broad lobate plateaus
that apparently form parts of the margins of the mega-lahars.
Two of these are seen in Figure 1 (at the sides of the center)
and one in Figure 2 (at left). They are about 1500 meters in
width with irregular, scalloped margins. MOLA profiles
show that the plateaus are of the order of 50 m high. The
surfaces of these plateaus have a texture similar to that of the
surrounding plains, and are apparently modified by dune
formation and related eolian processes. Interiors of the plateaus are at a slightly lower topographic level than their margins.
The most impressive structures in the images are a series
of bright, dendritic, lobate, finger-like ridges that appear to
emanate from the margins of the plateaus, and then to undergo significant branching. Many branches end abruptly in a
small delta-like structure. Lengths of these complex branching ridges are predominantly between 1500-2000 meters,
widths are commonly less than 200 meters, and heights range
from 20-40 meters. An unusual dark, smooth deposit surrounds many of the dendritic ridges and appears to be closely
associated with them, extending for distances of up to 200400 meters from the ridges.

Discussion and interpretation: The proximity of these
to the margins of the mega-lahar deposits suggest that they
are associated with the emplacement of this unit. Lahars are
water-rich flows of volcanic debris that are emplaced as gravity flows [9]. The dendritic ridges are rather randomly distributed along the flow margins and have a sinuous pattern
suggestive of low-energy emplacement. Their origin at the
margin of the plateaus and the depressed nature of the plateau
surfaces strongly suggests that the dendritic ridges are flow
structures that emerge from the larger deposits out into the
adjacent terrain and that their formation lowers the plateau
surface. We thus interpret the dendritic ridges as dewatering
flows from the larger lahar deposits once they came to rest.
As a working scenario, we propose the following hypothesis
which we believe is consistent with the observations. Once
the water-rich mega-lahars came to rest, hydrostatic pressure
within the flow caused breakouts along the flow margins, and
outflow of smaller water-rich debris flows, which extended
as lower energy flows out onto the surrounding relatively flat
plain. These flows extended out into the surrounding plain in
directions determined by both local slopes and hydrostatic
pressure. The shape of the features and the lack of levees
suggests that they were emplaced more as tube flows rather
than open-channel flows. This might be due to low temperatures that caused freezing of the margins of water-rich, lowenergy flows, resulting in pillow-like tube emplacement.
Smaller breakouts terminated in delta-like fingers as the
sediment load was emplaced. The dark margins may represent finer debris carried by the water to the margins of the
ridges during and subsequent to the flow, or to postemplacement segregation or weathering of fine materials.
We are presently testing this scenario with observations
elsewhere along the mega-lahar flows and other related deposits.
References: [1] Christiansen E.H. (1989) Geology, 17, 203206. [2] Tanaka K.L. et al. (1992) Map I-2147. [3] MouginisMark P.J. et al. (1984) Earth, Moon, and Planets, 30, 149173. [4] Tanaka K.L. and Scott D.H. (1987) LPS XVIII, 998999. [5] Chapman M.G. (1994) Icarus, 109, 393-406. [6]
Mouginis-Mark P.J. (1985) Icarus, 64, 265-284. [6] Russell
P. and Head J. (2000a) Microsymposium 32, 130. [7] Russell
P. and Head J.(2001) LPS XXIII #1040. [8] Russell P. and
Head J. (2000b) Microsymposium 32, 132. [9] Lavigne F. and
Thouret J.-C. (2000) Bull. Soc. géol. France, 171, 545-557.
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Figure 2. Portion of MOC image M0204721. Illumination
is from the upper right; image is adjacent to, and overlaps
slightly with, the bottom of Figure 1. Scale bar is 1km; south
is at top..

Figure 1. Portion of MOC image M0204721. Illumination
is from the upper right. Scale bar is 1 km; south is at top.
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The Perplexing Role of TiO2 in the Evolution of Lunar Soils
Carl M. Pieters (Brown University), Larry Taylor (Univ. Tennessee), and the LSCC
The first phase of the Lunar Soil Characterization
Consortium (LSCC) analyzed a suite of lunar mare
soils (Taylor et al., 2001a). A diverse set of
compositional and spectroscopic measurements were
undertaken and initial analyses integrating the two
approaches have produced results that are encouraging
for remote compositional analyses (Stankevich et al.,
2000; Pieters et al., 2001a. b). Such analytical studies
will continue as the diversity of the consortium is
expanded to include a suite of highland soils Taylor et
al (2001b). Discussed here are continuing analyses of
the extensive data for the mare soils.
It is well known that the color of mare soils in the
blue to visible part of the spectrum (UV/VIS) is
correlated with TiO2 abundance (e.g., Charette et al.,
1974; Shkuratov et al., 1999; Lucey et al., 2001). The
optimum use of color measurements for TiO 2
estimation from remote analyses is discussed by
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Stankevich et al. (2001, these abstracts). The actual
cause of this relationship nevertheless remains poorly
understood since it is opposite that observed for ironand titanium-bearing glasses (e.g. Bell et al., 1976). We
present two related on-going analyses of the LSCC
relevant to this discussion.
The first is a comparison between PCA-derived
predictive parameters (Stankevich et al., 2000; Pieters
et al., 2001) with the commonly used algorithm for
Clementine data derived by Lucey et al. (2001). As
shown in Figure 1, the Clementine derived algorthim
for predicting TiO2 abundance is moderately accurate
for bulk soil composition, but is unsuccessful for
predicting composition of soil size separates. The
compositional predictions from the PCA approach are
more broadly accurate, but will be further tested with
calculations repeated using the more limited 5-band
Clementine data.
Figure 1. Comparison of measured TiO2
to predicted values. (Left) Estimations
from PCA approach (Pieters et al., 2001)
(Right) Estimations from Lucey et al.,
(2000) model using Clementine UVVIS
bandbasses.
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The second LSCC analysis presents detailed
compositional data that show ilmenite does not enter
agglutinitic glass in proportion to its abundance. The
abundance of agglutinitic glass was measured as part of
the modal mineral analyses of the three size fractions
carried out using digital X-ray image analysis (e.g.,
Taylor et al. 2001). Bulk chemistry and ferromagnetic
resonance (Is) was measured in parallel. The combined
data provided support for the "F3" model (fusion of the
finest fraction) of soil evolution as illustrated in Figure
2. In this model plagioclase is concentrated into soil
finer fractions during communition and this component
is then melted preferentially during micrometeorite
bombardment forming agglutinatic glass.
The ilmenite that also accumulates in the fine
fraction during soil formation, however, avoids
entering into the agglutinitic glass. As illustrated in
Figure 3, this character is common for all mare soils,
but is most evident in Ti-rich soils. Since the fine
fraction dominates optical properties, this is the first
concrete evidence that fine grained ilmenite itself may
be the cause of the color relations.

Figure 2. The systematic trend of bulk chemistry as a
function of particle size for Apollo 11 and 17 mare
soils. The feldspathic component increases with
decreasing particle size. The composition of the
agglutinitic glass is enriched in feldspar, but itself
varies little.
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Figure 3. Chemistry of soil components relative to the
chemistry of the bulk soil (<45 m). Darker shades are
composition of three soil size separates. Lighter shades
are the composition of agglutinitic glass present in the
three size separates. Concentrations of FeO and Al2O3 in
agglutinitic glass follow concentrations in the <10 m
fraction (see Figure 2). Concentration of TiO2, however,
is strongly depleted in agglutinitic glass relative to its
abundance in the 10 m fraction. Numbers in upper right
are Is/FeO values of bulk soil.
.
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VENUS: OUTSTANDING QUESTIONS FOR FUTURE EXPLORATION. J. W. Head1 A. T. Basilevsky2 , M. A. Ivanov2 ,
M. A. Kreslavsky3 and A. S. Krassilnikov2 , 1 Dept. Geol. Sci., Brown University, Providence RI 02912 USA, 2 Vernadksy Institute, 117975, Moscow, Russia, 3 Kharkov Astronomical Observatiory, 35 Sumska, Kharkov 61022, Ukraine.
james_head@brown.edu.
Introduction
Venus exploration has been extensive and varied [1], but it
has been over a decade since the last major mission, Magellan,
went into orbit. As part of a seminar on Venus science held at
Brown University in the Spring of 2001, the authors met to
discuss the range of outstanding questions remaining after
several years of analysis of the global coverage of gravity,
altimetry, imaging, and radiometry provided by the Magellan
mission. Here we outline a series of these outstanding questions. This list is not exhaustive, but could serve as a starting
point for future exploration strategies and requirements.
General:
Why is Venus so Earth-like in many ways (e.g., size, density, position in the solar system, etc.) but so different in others
(e.g., uniformly young surface geologically, no plate tectonics
at present, atmospheric pressure, temperature and composition, magnetic field, etc.). Why is only 10-20% of the record
of the history of Venus preserved as geological units? Did
Venus ever look like the Earth? If so, when did their evolution diverge? Why did it diverge? What is the significance of
the link in formation of the Earth and its Moon, and not having
such an event on Venus?
Atmosphere:
What is the origin and source of the atmosphere? What
have been the major steps in the evolution of the atmosphere?
What is the nature of the lower atmosphere and the interaction
with surface materials? Have there been recent and significant
internally-derived contributions to the atmosphere (e.g., the
equivalent of large explosive eruptions or flood-basalt volcanism)? Is there a link between atmospheric evolution and tectonic style? What is the origin of the high-altitude dielectric
anomalies?
Geology and Surface Record:
Why is the presesnt surface so young? What mechanisms
are presently operating to resurface Venus? Does the present
record of Venus indicate geologically recent catastrophic
events? If so, what is the mechanism(s) of formation? For the
presently exposed geological record, what is the sequence of

events? Are geological structures and units distributed randomly or is there a recognizable sequence indicating global
changes with time? What are the absolute ages of units and
structures on Venus? What is the flux of impactors and how
are they divided among impactor source populations? What is
the diameter of imact craters as a function of impactor size,
density and velocity, and how can this be related to crater sizefrequency distribution curves? How have global heat transfer
mechanisms changed with time? What is the range of surface
composition with time and space? What is the petrogenesis
implied by this knowledge? How can Earth-like mountain
belts form in one-plate planet environments? What is the origin and age of the topography on Venus? Have volcanic and
tectonic styles changed with time? What is the origin of the
globally distributed wrinkle-ridge system and what is its duration? How do coronae form and over what time period? What
internal processes do they represent? How does the emplacement of large volumes of volcanic plains influence the atmosphere? What is the range of mineralogy inplied by the observed differences in volcanic morphology? What is the full
range of interactions of impacting projectiles and the atmosphere? How can these be recognized?
Interior:
What is the internal structure of Venus? What are the
thicknesses and variations in compositional (crust, mantle,
core) and mechanical (lithosphere, asthenosphere) boundaries
and layers? What is the density structure? What is ther thermal structure? How have these changed with time? Has there
ever been a significant magnetic field? Is Venus geologically
active today? If so, how and at what rate? Is Venus seismically active today? Why or why not? What geodynamical
model(s) best accounts for the events and processes observed
in the geological record?
References: [1] S. W. Bougher, D. M. Hunten and R. J.
Phillips, eds., Venus II, Geology, Geophysics, Atmosphere,
and Solar Wind Environment, Univ. AZ Press, Tucson, 1362
p., 1997.
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ORIENTATION AND ORIGIN OF RIDGES BORDERING DAEDALIA PLANUM. B. M. Webb, J. W. Head, Department
of Geological Sciences, Brown University, Providence, RI 02912 (James_Head_III@brown.edu)
Introduction: The Coprates Rise, Thaumasia Highlands,
and a number of ridges bordering Daedalia Planum make up
the South Tharsis Ridge Belt described by Schultz and Tanaka
[1] as composed of compressional tectonic structures. An
analysis of the 32x64 pixel-per-degree digital elevation model
(DEM) created from Mars Orbiter Laser Altimeter data
(MOLA) [2] has yielded more accurate quantitative description than previously available. Here we summarize their characteristics and assess their relationships to models for the formation of the Tharsis rise.
Description: The western half of the South Tharsis Ridge
Belt is made up of ridges bounding Daedalia Planum, a mainly
Amazonian- and Hesperian-age lava plain, to the south and
west (Figure 1). These ridges have two general trends; the
average strike of the western ridges is 19.5° (σ = 9.4°), while
the southern ridges have an average strike of 320.2°(σ =
10.8°). The Daedalia ridges are generally circumferential to
Arsia Mons and not to Syria Planum (Figure 1) which seems
to be the center of eastern half of the South Tharsis Ridge
Belt (the Thaumasia Highlands and Coprates Rise) and wrinkle ridges in Sinai and Solis Planum [3]. Analysis of the standard deviation, σ, of the radial distance along a great circle
from Syria Planum for the ridges yields σ = 400 km, while
standard deviation of the radial distance from Arsia Mons is
σ = 180 km. For an ideally circumferential set of features the
radial distance would be constant with σ = 0. However, geologic mapping and embayment relationships suggest that the
ridges formed in the Noachian, and the subsequent Hesperian
and Amazonian lavas of Arsia Mons have buried all older
materials and geologic relationships.
The results of this analysis of geologic mapping [4] and
embayment relationships as seen in MOLA data are shown in
Table 1. Most of the ridges were mapped as the Nplh unit,
described as Noachian-age hummocky plains, with only one
ridge (number 4 in Figure 1) mapped as an Hesperian-age unit.
Ridges with material mapped as volcanic units (v) are of an
indeterminate age. Eleven of the 18 ridges studied are embayed by Hesperian age units. Embayment was determined by
using profiles of the MOLA DEM to identify breaks in slope
as shown in Figure 4. These relationships suggest that the
ridges were formed in the Noachian and were subsequently
embayed by Hesperian-aged lava plains and possibly some
sediments mapped as Hpl3 . All but one of the ridges is cut by
Sirenum, Claritas, or Icaria Fossae, indicating that any processes associated with ridge formation was over when the graben formed.
Interpretation: Based on numerical models, Schultz and
Tanaka [1] interpreted these ridges to be compressional in
origin. The compressional tectonism of these ridges likely
penetrates most or all of the lithosphere [1] as is proposed for
wrinkle ridges [5]. It seems appropriate to assume that the
faults associated with the Daedalia ridges penetrate into the
lithosphere at least as much as lower relief wrinkle ridges,
such as those found in Solis Planum. The wrinkle ridges are
generally 10-20 km wide and tens to hundreds of kilometers

long with relief of less than 500 m [5], while the ridges of
Daedalia Planum average over 2 km of relief and average 70
km wide. Also, the southeast-northwest trend of the ridges
nearest to Claritas Fossae appears as parallel lineations in freeair gravity measurements [6], supporting a deeply penetrating
structure. These are possibly analogous to basement thrusts on
Earth [7].
Some mesas, cones, and conical mesas associated with the
ridges are mapped as volcanoes by Scott and Tanaka [4]. Mars
Orbiter Camera (MOC) wide-angle imagery and MOLA topography were examined to assess this hypothesis. The following observations are consistent with this interpretation: the
volcanoes appear to be superposed on top of the ridges and
appear to either be coeval or postdate the graben of the surrounding fossae (Figures 2-3). The small edifices are about 80
km in diameter with 2 to 3 km in relief; graben intersecting the
possible volcanic centers are visible in MOC images such as
Figures 2-3. If the graben are the surface expression of subsurface dikes [8], then the pre-existing lithospheric fractures of
the ridges could have provided a surface conduit for the
magma in the extending dikes. although volcanic flow features
are absent.
Formation of the ridges themselves would have taken
place under much different thermal and crustal conditions than
exist currently in southern Tharsis. The Noachian stress field
affecting Daedalia Planum is also unknown since Hesperianand Amazonian-age lava plains bury all older geologic features. The ridges could be an extension of the Thaumasia
Highlands which are compressional tectonic features [1]
which possibly deformed due to the effects of the initial
growth of the Tharsis rise.
Conclusions: 1. The ridges of Daedalia Planum are not
circumferential to Syria Planum, but are generally circumferential to Arsia Mons at an average radius of ~1700 km. 2.
There is a linear gravity signature associated with and parallel
to the ridges near Claritas Fossae. 3. Six out of 18 of the ridges
have domes that are possible volcanic edifices 2-3 km in relief; four of these are mapped as volcanic by Scott and Tanaka
[4]. 4. Graben associated with Sirenum, Claritas, or Icaria
Fossae are found on top of the ridges as well as on adjacent
plains which embay the ridges. 5. Stratigraphic assignments by
Scott and Tanaka [4] map all of the ridges except one as Noachian materials (see table 1). 6. Stratigraphic assignments by
Scott and Tanaka [4] of embayment materials shows that a
majority of the ridges were embayed during the early Hesperian (Table 1). 7. MOLA profiles of the ridges show that most
of the ridges are elongate (average aspect ratio of l/w = 3.4)
and in some cases asymmetric in profile (Figure 4).
References: 1) R.A. Schultz and K.L. Tanaka, JGR, 99, 8371, 1994.
2) D.E. Smith, JGR, in press, 2001. 3) T.R. Watters and T.A. Maxwell, JGR, 91, 8113, 1986. 4) D.H. Scott and K.L. Tanaka, USGS I1802-A, 1986. 5) M.P. Golombek and F.S. Anderson et al., LPSC 31 ,
1294, 2000. 6) D.E. Smith, et al., Science, 286, 94, 1999. 7) M.P.
Golombek and K.L. Tanaka, et al., LPSC 22, 455, 1990. 8) J.W. Head
and L. Wilson, LPSC 24, 621, 1993. 9) K.L. Tanaka and P.A. Davis,
JGR, 93, 14893, 1988.
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# of ridges mapped as unit:
# of ridges embayed by unit:
Nplh
8
Nplh
0
Npl1
3
Npl1
1
Nplr
2
Nplr
1
Npl2
1
Npl2
1
Formation of fossae (Tharsis radial graben)(Scott&Tanaka,1986)
Hpl3/Hr/Hf
1
Hpl3/Hr/Hf
11
Ht1
0
Ht1
0
Ht2/Hchp
0
Ht2/Hchp
2
AHt3
0
AHt3
1
v, m
3
None
1
Table 1: Results from a survey of geologic mapping [4] and embayment relationships. These relationships indicate that the ridges formed
in the Noachian and were embayed during the Early Hesperian.

Figure 2: Ridge 14: M1201607, (116.87°,-40.28°), 112 km wide.
Floor of crater A which cuts the ridge, running SE-NW across image,
is cut by multiple graben. Possible 3.5 km volcano visible at B with
cross-cutting fractures C.

Figure 1: A gray-scale shaded-relief map of the Daedalia Planum
region. Ridges included in this study labeled. Black dots indicate
Arsia Mons and Syria Planum centers (see text). The Syria Planum
center is 105°, -14° from [9]. Simple projection map centered at
(130°,-25°); 50° of latitude, 60° of longitude.

Figure 4: MOLA topographic profile of ridge 5 (145.0, -28.3) at 10times vertical exaggeration. Horizontal scale is 52 km/degree. The
profile shows a clear example of the asymmetry found along some
sections of the ridges. Break in slope indicating embayment seen at A
and B. Elevation difference between A and B is most likely due to
different levels of embayment.

Figure 3: Ridge 16: MO204330, (113.15°,-38.08°), 112 km wide.
Possible 2800 m volcano at A, with intersecting ridges at B.

Page 1
Map title and explanatory data

Supplement
to
Vernadsky-Brown Microsymposium 34,
Moscow, October 2001
(CD-ROM abstract volume)

V E N U S
GLOBAL

GEOLOGIC

MAP

Produced as part of the
Institute and Brown

Vernadsky
University
VENGLOBGEK Project

Sheet A. Ishtar Terra
From 35°N to 90°N, and from 0°E to 360°E

Original scale 1:10,000,000
1 cm – 100 km

Original map diameter is 116.2 cm
Polar azimuthal projection
with equal intervals along meridian
The figure of Venus
used for computation of the projection is
a sphere with a radius of 6050 km

COMPILED IN 1996 – 1998 AT
THE LABORATORY OF COMPARATIVE PLANETOLOGY,
VERNADSKY INSTITUTE OF
GEOCHEMISTRY AND ANALYTICAL CHEMISTRY,
RUSSIAN ACADEMY OF SCIENCES,
MOSCOW, RUSSIA
AND
THE PLANETARY GEOSCIENCES GROUP,
DEPARTMENT OF GEOLOGICAL SCIENCES,
BROWN UNIVERSITY,
PROVIDENCE, RHODE ISLAND, 02912 USA
AFTER THE RADAR IMAGING AND ALTIMETRIC DATA OBTAINED FROM
MAGELLAN AND VENERA 15 and 16 SPACECRAFT

Map editors:
A. T. Basilevsky and G. A. Burba
Geologic interpretation by
M. A. Ivanov, V. P. Kryuchkov, A. A. Pronin, G. A. Burba
Cartorgaphic compilation and design by
N. N. Bobina, G. A. Burba, V. P. Shashkina
Project coordinators:
A. T. Basilevsky and J. W. Head

Electronic version 1.0
MOSCOW
2001
The detailed explanatory note for this map is published as:
A.T. Basilevsky, G.A. Burba, M.A. Ivanov, N.N. Bobina, V.P. Shashkina, and J.W. Head. Analysis
of the geologic structure and compilation of the geologic map of the Northern part of planet Venus.
Astronomicheskiy Vestnik, vol. 34, No. 5, p. 387–419, 2000 [in Russian].
English translation in:
Solar System Research, vol. 34, No. 5, p. 349-378, 2000.

Page 1
Map title and explanatory data

Supplement
to
Vernadsky-Brown Microsymposium 34,
Moscow, October 2001
(CD-ROM abstract volume)

V E N U S
GLOBAL

GEOLOGIC

MAP

Produced as part of the
Institute and Brown

Vernadsky
University
VENGLOBGEK Project

Sheet A. Ishtar Terra
From 35°N to 90°N, and from 0°E to 360°E

Original scale 1:10,000,000
1 cm – 100 km

Original map diameter is 116.2 cm
Polar azimuthal projection
with equal intervals along meridian
The figure of Venus
used for computation of the projection is
a sphere with a radius of 6050 km

COMPILED IN 1996 – 1998 AT
THE LABORATORY OF COMPARATIVE PLANETOLOGY,
VERNADSKY INSTITUTE OF
GEOCHEMISTRY AND ANALYTICAL CHEMISTRY,
RUSSIAN ACADEMY OF SCIENCES,
MOSCOW, RUSSIA
AND
THE PLANETARY GEOSCIENCES GROUP,
DEPARTMENT OF GEOLOGICAL SCIENCES,
BROWN UNIVERSITY,
PROVIDENCE, RHODE ISLAND, 02912 USA
AFTER THE RADAR IMAGING AND ALTIMETRIC DATA OBTAINED FROM
MAGELLAN AND VENERA 15 and 16 SPACECRAFT

Map editors:
A. T. Basilevsky and G. A. Burba
Geologic interpretation by
M. A. Ivanov, V. P. Kryuchkov, A. A. Pronin, G. A. Burba
Cartorgaphic compilation and design by
N. N. Bobina, G. A. Burba, V. P. Shashkina
Project coordinators:
A. T. Basilevsky and J. W. Head

Electronic version 1.0
MOSCOW
2001
The detailed explanatory note for this map is published as:
A.T. Basilevsky, G.A. Burba, M.A. Ivanov, N.N. Bobina, V.P. Shashkina, and J.W. Head. Analysis
of the geologic structure and compilation of the geologic map of the Northern part of planet Venus.
Astronomicheskiy Vestnik, vol. 34, No. 5, p. 387–419, 2000 [in Russian].
English translation in:
Solar System Research, vol. 34, No. 5, p. 349-378, 2000.

Page 3
Map legend

Supplement
to
Vernadsky-Brown microsymposium 34,
Moscow, October 2001
(CD-ROM abstract volume)

MAP LEGEND

for the
Global geologic map of Venus
(Sheet A. Ishtar Terra)

GEOLOGIC UNITS
OF THE SURFACE MATERIAL
(from younger, top, to older, bottom)
DM

Dark mantle

C

Crater (undivided)

Pl
Ps

Plains, lobate
Plains, smooth
Plains with wrinkle (narrow) ridges:

Pwr2

upper unit

Pwr1

lower unit

Psh

Plains with shield fields

FB

Fracture belts

Pfr

Plains with broad ridges (ridge belts) and fractures

Pdf

Plains, densely fractured

M

Mountain belt

Tt

Tessera terrain

