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the results of space research in the past 30 years, there
are at least 25 cruscy planetary bodies (instead of one) investigated
directly i.e. geophysics could turn into an experimental science. Geophyis­
ical models created to one single body,the Earth, may be tested now through
differe t initial conditions of many ochers.

Meanwhile it has been discovered that the eternal fields of ice on
the Antarctic collect meteorites like a giant telescope. The slow motion
of its glaciers integrates them intime and some slopes bring them into
focus en masse, hereby having multiplied the number of accessible samples
of heavenly material. Moreover the white icecover helps to collect ancient
meteorites withouc any selection effect.

Both new kinds of investigation, the in situ analysis of izotop abun­
dances in particular, made a scientific evaluation of earlier hypotheses
in planetary cosmogony possible, rejecting unrealistic ideas and leading to
a more or less consistent theory of the evolution of the Solar System.

What are the most important new characteristics of such a theory?
First of all accident through collisions played a more important role
in the evolution than supposed earlier, not only at the beginning, during
the accumulation of small particles, but also later at the end and after
the accretion period. The impact of large projectiles gave sometimes rise
to the birth of new planetary bodies, sometimes left important marks (i.e.
craters) on the surfaces. Collisions influenced considerably the conditions
of the origin and evolution of terrestrial life even at a later phase.
Besides the more or less continuously acting influence of corpuscular
and UV radiation - guaranteeing useful mutations of life-forms - collisions
proved to be a genaral and important ongoing phenomenon responsible far the
mass extinction of different species. Its significance comes from the fact
that ina state-of-the-art planetary cosmogony the effect of catastrophic
collisions is a natural consequence of the existing conditions and not an
ad-hoc hypothesis asin many previous theories. This new conception needs,
however, further verification.

It is evident namely that impact features are present on every
planetary body with a more or less stable crust -- independently of its
heliocentric distance. The scale varies from m~ to a few thousand km.
Moreover at the end of the accretion period large impacting projectiles
left multiring basins on the surface of many planetary bodies. Consequently
we have to suppose that accretion took place through collision not only
by condensation and collision was a general phenomenon influencing the
evolution even in cases when impact craters are missing.

One of the interesting results of space probes in the outer part of
the Solar System is that contrary to the lunar crust the majority of these
satellites have an icy composition. This came as a surprise although it

onc~sed treatrnent f different conditions influencing the evolution
o: ?la etary ~od·es is g·ven on the basis of the literacure following
he way of h. ·ng of the author.
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•.:sca..nce. e fac t . however, cba~ cha t che bulk of the satellites

( -· 1) _ed us to the conclusion (tn· e composition of whichsee t_g. - ry matter
accre ce caanI frora tbe circumplanet:a,. . ) nd modified only slightly
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A:1 tber surprizing observation was th d . every satellite system
,. • • have been foun 1.n.:dal · eatin.g. races or acc1.v1.cy II d. tional" he a t sources as

and even sc.all icy satellites, wiCh0ut such dtira ti d mel ting periods by
· · · d. activity in ca egra- _ at í.ona.l contraction or ra 1.0 . ' 11 bodies proved to be

·eir spherical shape. Moreover, the 1.nnermos7 s~a t the fact that the
t'e c.ore accive ín every satellite sy5cem, po1.nt1.ng

O
heliocentric

"be o::: ife" ;s not necessarily restricted to a narrow d
ciistance zone, hence life conditions may be more wide-spread than suppose

earlier.
Greenhouse effect has also vital importance in planetary evolution.

If the partial pressure of co
2

is significantly larger than in the terres­
trial atmosphere then heat-escape is limited also in other wave~ands (~.g.
runaway green-house effect on Venus). It means also that there is a serious
danger burning fossile fuels or even releasing ocher kinds of latent energy
(e.g. nuclear) on the surface of the Earth since it will contribute to the
terrestrial heat balance by warming up the atmosphere and releasing C02.
The only solution of this ecological problem is given by any kind of trans­
formation of the solar energy available on the surface by devices like
solar panels, wind-engines or hydroelectric stations.

Finally magnetic fields play also an important role in the evolution.
A planet is shielded by its own magnetic field from high-energy particles
which represent a serious danger for life in interplanetary space. But
strong magnetic fields of a planet may influence significantly the radia­
tion hazard for near-by satellites and electric current of their flux tube
may generate "hoc spots" on their surface (see the case of Jupiter and Io).

Numbers in parenthesis [n] refer to the literature, in /n/ to the
figures, in (n) to remarks.
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heating asymmetric, con ti í,UOUS
a separati heating, symmetric, long terra, decays
eati g heating, symmetric, long t e rm , decays- in?act beat· (_) surface heating asymmetric, episodic, At.-.J 0

eating ( ) olume heating, episodic, Át» 0
etospheri hea ·ng(3)volume heating, asymmetric, continuous

Cooli3g o a olanetarv body:
- inter~or to surface by conduction

- convection ~ volcanism
- surface - radiation

- sublimacion escape
- in che presence of an atmosphere by

- evaporation
- atmospheric - convection

- radiation (4)
- escape

Remarks:
(1) Impact energy is transformed partly into

- heat energy - surface melting
- kinetic energy of target ejecta

- rays/halo around craters /1/
- escape of material, erosion loss of atmosphere

- seismic energy: makes tectonism to work
- fracturing around the impact site
- antipodal fracturing /2/
- the impact site will be a local centre of activity

- acoustic energy
(2) Tidal beating can be extremely important in regular, interacting

satellite systems at times of resonances between evolving orbits.
(Violent ongoing geologic activity on Io /3/.
Ancient geologic activity on Ganymede , Enceladus, Miranda, Ariel.
ln the case of Triton the orbit circularization after capture

resulted in tidal heating.
Pluto-Charon system is comple tely coupled _. there is no tidal

heating now. No trace of geologic activity is expected if there
was no orbital evolution during their previous history.

Tidal beating plays some role in the large density and the
prolonged geologic activity of the Earth as well.)

(3) If a satellite without an atmosphere is orbiting inside a planetary
magnetosphere then the electric current flowing in the magnetic flux
tube may enter into the body of the satellite:

the place of the entrance is heated by the current giving rise to
- higher temperature of the body (Amalth~a., by 5°)

continuous volcanic activity site (Io llrn)
- volumetric electrolysis of water-ice giving rise to the

possibility for burning/detonation of electrolytic gas ~6,1~
(4) greenhouse effect can slow clown the cooling

(Earth [2~, significant on Venus, may be important on Titan)
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· regular s ape }
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h e by impact only

1 • . spherica s ap } 1 '"1·- o :y ·usc enough for me cing. . e gravitationa separa~ on
- ~ re e~ enough far melting: spherical ~hap

+ geological activity

If celted, convection can be induced
by inbomogenities in composition/temperature
d.thin the core/mantle/liquidosphere/atmosphere

Conseguences of the convection within the
- core/mantle: magnetic field

(core: Mercury, Earth, Mars, Jupiter, Saturn
mantle: Uranus, Neptune)

- mantle: volcanism/ tectonism - outgassing
- liquidosphere/atmosphere: - erosion of the crust

- redistribution of energy
- atmosphere: - formation of precipitation

- changes in electrical condition of the atmesphere
(lightening, recombination)

Diameter limits for melting:
- in the case of radiogenic heating in

- rocky bodies: rJ 800 km
- icy bodies ~2000 km

- if tidal heating is switched on : can be as low as ~ 40© km
(Hyperion has not but Mimas do has a spherical shape /4/)

)-4/.VTMT~{ n'&",\CBEJ) BY A pI,ANETARY BODY?
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NUMBER OF PLANETARY BODIES OF THE SOLAR SYSTEM KNOWN UP-TO-NOW

grouped according to the

orbit orbit and size composition
pha:se of its material
( t.empe rature)

nelio- 4 giant planets 4 gaseous planets 4 gaseous planets-
centric: 4 large planets 6 rocky p.b. 5 crusty p.b. with
9 planets 1 middle-size pl. x rocky debries: substantial arn0mmt
x asteroids x small planets asceroids of atmosphe1re
x comets (=asteroids) outgassed com. 20 crusty p.b. without

X comets meteoroids a:tmospblere
planeto- 7 large sat. 19 icy p.b. x debri.es without
centric 15 middle-size sat. X icy debries: atmosphe1re
60 sat. 38 small sat. comets -

pl.: planet: p.b .. planetary body: sat.: satellite: com.: comet: x: many

CLASSIFICATION OF PLANETARY S'ATELEITES

planet's
total number of number of number of number ofname satellites lar2e middle-sizesat. sat. 1 sma]] sat.

Mercury 0 - - -
Venus 0 - - -
Earth 1 1 - -
Mars 2 - - 2
Jupiter 16 4 - ' 12 !
Saturn

11 17 1 7i 9
Uranus 15 - ~ !l.@
Neptune 8 .1 1 2 s
Pluto 1 - 1 -



SURFACES BY THE DIFFERENT EVENTS?
Coo except in the case of special material

0
Jk e.g. water densest at 4 C)-:iase c:iange: exoa 5- - •
:::roacc: . re ncract on

- scars - c~ater (ne ery crusty planetary body)
- en e f f actur~ng
- ant~pocial :rac uring Mercury ancipodal to Caloris Basin /2/)
- crust r eax-t; rough-+ olcanism /5/

(:naria on che ~oon, riton., white spots on Umbriel?
light? r dar~? material on Japetus?)

- rays/halo around craters as target ejecta spread /1/
- too large ore (part of Mercury's crust splashed down

by a huge impact and escaped[l])
- moon (part of Earth' s crusc splashed dmm by a hu~e impact

and a part of it accreted into the Moon lll,24,25]
afcer explosion of proto-Pluto by a large-body impact

the debries accreted into a binary planet Pluto-Charon [9])
- mascon (}ioon)
- blow off the atmosphere (Argyrae /6/ impact on Mars [12,13,22,23])
- implancation of the impaccor's material into the atmosphere

("nuclear winter": extinction of living species on Earth)
- which slowly sectles down farming an "anomalous layer" on the surface

(e.g. iridium-rich layer on the C-T boundary on Earth)
- deposit of flood caused by tsunamies along the continent's margins

if the impactor reached the ocean (East coast of Africa, C-T boundary)
- shocked quarz grains if the impactor struck continental crust[14]

(North-America, C-T boundary)
- carbon deposit layer settled down after world-wide fire

caused by the impact-heat (Earth, C-T boundary)
- acid ra í.n [15]

The effect of the impact may be modified by the condition of the
- impactor: - coming from planetocentric or heliocentric orbit

(giving rise to a smaller /7/ or a larger /8/ crater)
- having an angle of impact

- ~ perpendicular: - spherical crater (common everywhere)
- total explosion of the target

- flat: - butterfly shaped crater /9/ (Mars)
- escape of intact boulders

(SNC meteorits from Mars)
- splash clown of crust: escape of material

- target: - in the presence of atmosphere/liquidosphere
- the impactor is melted/vaporized/broken/exploded

(lack of small craters on Venus [29])
- the crater erodes

- ín the presence of volatile rich terrain
- lobate craters /10/ can be created (Mars)
- and if afterwards the surroundings is flooded by vol-

canism of magma -- poorer in volatiles -- then negative
ringed craters /11/ can be formed by erosion (Mars)

the strength of the surface material can influence
- the existence of the central peak in the crater

(Jovian ice-satellites are softer- no central peak.)
- the relaxation rate of the emerging relief

(Curved crater floor on Tethys /12/-at time



~ ature caused by
eca se of change or curv /13/)

( linear features ben)
_ ~~da- ·er rnati n Eur pa (Earth, East-African gra

ion abo e !:lantle upfl w "f
aces o con erging mantle flow i units [2]/14/)

Venus parquet terrain
~s no subduc ion

Gál BE pRESENT
• pI.ANETARY BODIES?

,-·-- - Janus
1:2~ 3:2(Mimas ~--,

.... Enceladus 1:2 \
1
.
31: ,.,7 Tethys , 3. 2 / · Miranda -,'-o· ' . / 'a.one ------- ----Ariel 1·33:5( /'3:5' 1 •

2: l( R~ea 2: 7\ 1: 2;- Umbriel -✓

4.3,-Titan ~-;-;--Titania
· 'H · 3.2- type r í.on '- Oberon

al eyi

Io
4:1 Europa

Ganymede
Callisto

RESONANCES IN SATELLITE SYSTEMS OF JUPITER, SATURN AND URANUS.
(Recent resonances are represented by heavy lines, the earlier possible
ones by dotted lines.)

- because of beating . of an icy body the
- ecause of freezing of the interior /l5/

1 e increase
rust cracks through owing to vo um

(Tethys, Titania, Dione?, Ariel?)
- ocal: d ?)

- r~ft system because of local heating /16/ (Enceladus~ Miran a.
- global rift network because of global mantle-circulacion .

/17,18,19/: crust-pieces are spread away by man~le convectione
(Earth, mid-oceanic ridges: huge polygonal unit s on Ganymed ,·
Ariel [6], Umbriel [7], Triton)

Comoress·on
- g"obal: drying up (concraction) of a ~lanetary body: thrust faults

/20/ (~ercury, Miranda[SJ)
- local: material towering

- on sites of converging mantle flows:
- lift off of crust blocks /21/ (Tibetian Plateau on Earth,

Lakshmi Planum on Venus, Miranda?)
- chains of mountains /22/ (Earth, Venus)
- continents /23/ (Earth, Venus)
- subduction /24/ (deep oceanic trenches on Earth)

- parallel grooves when new crust is formed and older one is thrusted
(Ganymede„ Enceladus, inside the expansion graben on Ariel,
mid-oceanic ridges on Earth /25/)

- collision of slipping material with stable crust fragments around
- mountain slopes: grooves around mountains /26/

(Mars, circular grooves around large shield volcanoes)
- the slopes of bulges (Mars, around Tharsis bulge)
- the slopes of uplifts formed by converging flows

(Venus parquet units and
parquet terrain inside a parquet unit [2]/27/)

Mixed: expansion and compression
- transform fault /19/ (Earth, Ganymede, Enceladus, Triton?)
- global plate tectonism /28/ (only on Earth)

Impact may cause some modification of all kinds of deformations.

Exuans~ n:
- g_ a_:

3



.o craces of acci,it?
- 0 Y targets o: :.::!?a cs 1 91

(a tie ·e r~es t 1 · •-~ -sa e 1_es, ~s, 8yperion)
- a be'o_f:at res::ros a_ong ~acks /30/

= . (t~a1 -ng s·ae : )"one and Rhea)
.reezi3g or incer·or f an icy ody: rif val ey of planet-size /15/

(Tet.ys, T~ an·a, ione?, áriel?)
)ryi~g up (concract~on o= che core): thrust fault i20/

(~ercury, -~rancia? 5 )
races of differenciation on the surface

- rays/halo of albedo feacure around impact craters /1/
(Mercury, enus, ~oon, Ganymede, Callisto, Titania, Oberon, Ariel)

- mare /5/: low viscosity lava flow
-- probably in connection with break-through of young crust
(~ercury, ~oon, Mars, Triton, Japetus?, Umbriel?, Oberon?)

- linear albedo features at rift network /13/ because of crust fissures
in connection with change f urvature (Europa, light and dark)

Traces of mantle circulation
- rifc valley of somewhat smaller than planet-size /31/

(large canyon on enus, Valles Marineris on ~ars)
- local groove-system becuse of

local heating /16/ (Enceladus) or
rising or sinking of boulders /32/ (Miranda)

- huge polygonal units of ancient crust /33/
(Ganymede, Ariel, Umbriel [7], Triton, Earth)

- togecher wich global rift necwork /17/
(Ganymede, Ariel, Triton, Earth)

- with parallel groove system inside the grabens of the rift
network /18/ (Ganymede, Earth, Ariel [6])

- and transform faulted parallel grooves /19/ (Earth)
- shield-volcano (hoc spot volcanism) /34/: local mantle upflow

(volcanoes on Venus and ~ars, Hawaiian type volcanoes on Earth)
- material outflow along cracks: new crust forming, thrusting because

of compression: parallel groove system /18/
(Ganymede, Enceladus, Ariel, Earth)

- traces of crust vanishing:
(half craters /35/ on Enceladus and Ganymede
deep oceanic trenches /36/ on Earth)

- transform faults /19/: displacing of crust-pieces en surface of a sphere
- local (Ganymede, Enceladus, Triton?)
- global: global plate tectonism (Earth)

- lift off of crust pieces /21/ (Miranda, Venus, Earth)
- crease of crust: chains of mountains /22/

(Earth,Freya and Akna mountains on Venus)
- continents /23/ (Earth, Ishtar Terra on Venus)

Traces of small-scale terrain circulation within the crust:
terrain polygons /37/ (Triton?, Earth)

Traces of slipping on slopes in connection with
- mountains /26/ (Mars)
- bulge (Mars around Tharsis bulge)
- dome /27/ (parquet terrain on Venus)

..,
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ATMOSPHERES OF CRUSTY PLANETARY BODIES
name of the surface pressure composition

corresponding
olanetarv bodv (atm) per,centages

Mercury 10-15 He, H2 98%, 2%

Venus 90 co2, N2 96, 4%, 3,4%

Earth 1 N
2
,o2,H20, Ar 78%, 21%, 0,1%, 0,9%

Mars 0,007 co2, N2, Ar 93,3%, 2,7%, 1,6%

Io 10-12 S02, s' Na

Titan 1,6 N2, Ar, CH4 85%, 12%, 3%

Triton 10-7
N2' CH

4
Pluto ? cH/aL N2?' Ar?

11

- - - --

Traces of running liquid's erosion: Earth, Mars (water), ]o (sl!l]phud
River beds on the surface: only on Earth and Mars
Recently running water: only on Earth
Liquid ocean:

- on the surface:
Earth: H2o
Titan?: metan, etan, propen, propan1 [26,27,28]

- under an ice-crust:
Europa: H2o ( 100 km deep, ice crust 20-2© l<:m t~ick [2]])

Enceladus?: H2o

TRACES OF RUNNING LIQUID ©N 1/HE Sl!JRFl\CES /417

0 canisn• mater1.·a1 is emerging~~~~~~-~~~~· f volcanic
arong cracks: the Larges t amount o ' . of volcamism

to the surface by this uorl
(,Ud-oceanic ridges on Earth /25/, A• 1 rrittoa)

G d Enceladus, r a e ' 1 "~ on, Mars, Europa, anyme e, E th·Hawaiian-type vo camoes1
- hot spoz volcanism /3 /(Venus, íar s , I~, ar · /JB/
- suoduc ional volcanism with volatile-rich lava . trenches)

(on_y on Earth from volcanoes along the deep oceanic
~cerial of "lava":

- sil · cate magma (Mercury, Venus, Earth, feon, Mars)
- suIphur ( Io)
- water (Europa., Enceladus?)

ice /39/ (Ariel [18])
- nitrogen (Triton [19])

Result of volcanism:
- ovoid /40/ (unsuccessful volcanism) (Earth, Venus)
- resurfacing (flooding, erosion)
- outgassing

Recent active volcanism
(Earth to ~ 10 km high, Io to rv 250 km high, Triton to ""'8 km high,
material from Enceladus forms the E-ring?)

: '
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SPHERE)SPHER.E, lIQ

?-a ets are able o capture the surrounding gases,
a_ ot· er ases e ulk f the vo atile content directly

: er·te :: .:i gases cc_uded in the solid planet:esimals
:ro~ -hi h the? anetar bo accreted

outgassed croc che interior f the planetary bod
(ac ·ve vo canism speeds it up)

- vo_ac~le r. conce tor an impactor body may also contribute
- imp a ta ion cro~ solar wind

(general y neglig~b e except in the case of ~ercury)
osses:
- escape (slov mechanism)

- growing with temperature
- decreasing with the mass-increase of the planetary body

(growing escape velocity)
- the escaped volaciles of sat:ellites are exhausted

gravicationally/electromagnecically by their own planet
(Apparent at the orbit of Mimas, Enceladus, Tethys,
Dione, Rhea, Titan. Spectacular in the case of Io.)

- in the presence of an own magnetic field
ions can be accelerated by eleccric fields
to escape velocities (polar wind at Earth)

- solar wind erosion (slow mechanism)
especially strong in the lack of own magnetic field
(Venus, at high solar activity in the case of Mars)

- blow off in connection with impacts (episodic, quick mechanism)
it may occasionally be significant (Mars, Argyrae impact /6/)

- fixed into che soil (slow mechanism)
co2 inco charbonates:

H2o into hydrated silicates:

H
2
o, CH

4
~ NH

3
, N2 into ices/chlatrats

- freezing onto the surface /42/ (slow/quick rnechanism depending on the
temperature and its variation) (glaciers only on Earth /42/)

Regain: given material is regained only in cercain temperature ranges by
- rain-fall (Venus: sulphuric acid, hydrochloric acid

Earth: water, sulphurous acid, water with hydrochloric acid)
- snow-fall/hoar-frost (Earth: water

~ars: water, carbon dioxide
Io: sulphur, sulphur dioxide
Titan: hydrocarbon aerosols of larger molecular weight [27]
Triton: nitrogen, metan)

Recycling: in substantial amount only in the case of Earth
because of global plate tectonism

POLAR CAPS IN THE SOLAR SYSTEM /43/
Earth H

2
o

Mars northern polar cap: H2o
southern polar cap: co2 / co2-H2o chlatrat

Triton N2

Pluto N/



io the atmosphere
in the ocean
on the surface of the crust

FOR THÉ oRIGIN OF LIFE
PARANETERS

2./

- t errpe r'a t re
- c:ie::risc::-y

Bot· Ie pe ds strongly whether d
./ tne source ~aterial as already emplace

when planetesimal forma eion began ous inf all of
during the accretion there was a continu region

interscel ar material into the circumsolar
re

in case 2./

l. /
in case ./

H20, C02, co, N2, so2

hydrocarbons come from carbonaceous meteorites

no NH
3
/cH4 neither in ordinary nor in carbonaceous case

hydrogen (maximum 1%) comes from meteoritic carbids and water

(through photoinduced oxidation of dissolved Fe2+)

NH
3

formation by

lightening in H2 rich atmosphere

- photoreduction of water by nitrogen on rutile (Ti0
2
} sands

in the intertidal and wave zone of the ocean

- many islands because of extensive volcanism ~
- many places for biomolecules being screened

from UV radiation under an overlying layer of water
- many places for accumulation of rust and clay minerals

Composition of the primordial atmosphere

(supposing that the bulk of it is identical with the volatile content of
ordinary chondrites -- since they could be the end-product of interstellar
dust aggregates a minor part of it came from carbonaceous chondrites
and the rest is atmospheric by-product)

1 h" h (run away accretion) .continuous y 1.g . f ly runaway accretion
concinuously low after ce s sa t r.on o ear . .

(the impact hot spots were distributed 1n time ao<l space,
they could cool down before the next impact)

Sur:ace composition
in case 1./ - magma-ocean on the surface

- water - as solution in melt - }
decomposed by metallic iron {hidrogen escaped

- as wapor in the atmosphere oxigen accumulated
dissociated by UV photons

CO in the atmosphere ~ greenhouse effect strong
bi~molecules destroyed (if built up)
always a water ocean on the surface with present day mass

at the end of the accretion
- water bound ín sediments
- water loss and oxigen production slow (present day level)
- continental territory small
- ocean shallow

e
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Gan ede : large 'ark po_ygonal
surface elements /33/ with
brighter linear features /17/
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Ganymede : half craters /35/

with impact craters
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saturated with
impact craters /29/

Japetus
in full-moon phase / 5/

Dione: /30/ bright
albedo features
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Ariel: ice volcanoes /39/

Ariel: rift valley /15/,
rift network /17/,
expansion feature /18/
and bright haloes
around impact craters /1/

groove system /32/,thrusc fault /20/,ovoids,~fi randa:

bright features /5/
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