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THE ROLE OF THE VAPORIZATION PROCESS IN THE IMPACT-ACCRETION
HISTORY OF THE MOON. Markova O.M., Yakovliev O.I.(V.I.Vernadsky
Institute of Geochemistry and Analytical Chemistry, Moscow,
117334, U.S.S.R.), Belov A.N., Semenov G.A.(Department of Che-
mistry, Leningrad State University, Leningrad, 199004,U.S.S.R.)

Introduction. Some data on lunar rocks and soils point out the nonisochemical character of im-
pact- process due to vaporization-condensation phenomena. However, the scale of possible chemical
shifts is still unclear, that 4iemands experimental study of the phemonena. The vaporization of se-
veral types of the material simulatving the rocke of the lunar crust and compositions of the melt of
proposial magmatic ocean wers studied using the Knudsen effusion cell. The brief description of the
technique was given elsewhere /1/. The experiments were carried out in the step-wise heating regime
till the complete vaporization of the sample under study. The temperature step was 70’. duration of
the temperature step 15 min. The studied sauples include: anorthite (I), lunar leucocratic basalt
68415,40 (II), gabbroanortosite (III), troctholite (IV), amlumina basalt (V), lherzolite (VI) and
chondrite Krymka (LL3) (VII), (table 1). as the result of this etudy were determined: forms of the
components in vapor, partial pressures of the main components over the residuals (see /2/ for the
compositions I-IV), compositions of residual melts (see table 2 for the compositions V and VI), com-
positions of complemental vapor, partial pressure of oxygen, total pressure of the components in
vapor over the residual melts and activities of ponents in th melts.

Results. In all studied casmes along with the increasing of temperature and vaporization degree
the residual melts ure depleted in ha, K, Fe and 5i and are inriched in Ca, Ti and Al. The trends
of the compositional evolution (fig.1) contrast with the well-known trends typical for crystalliza-
tion differentiation. Por example, the ratioc FeO/PeU+kg0 decreases in residual vaporization melts
and increnses in crystallization melts. The vaporization of the compoaitions imitating the lunar
highland rocka (II=IV) tends to the leaving the field of the lunar highland rocka already at mass
losses - 5%. Thut allows to suppose that the bombardment of ANT rocks didnt cause radical changes in
their compositions. The vaporization of the high alumina basalt ( V) having 510, content higher

' than in typical lunar highland rocks leads to ANT compositions. During the veporization of the ba-
salt at T= 1600 =1700°C (mass losses 15-35%) the residual positions er s the ANT field. So,
the composition of the lunar highland rocks may be received by hightemperature vaporization possib-
1y in the intensive impact process. Bxperimental data also point out the improbability of receiving
these cohpositions by the vaporiration of uliramafic samples (VI and VII) considered as compositions
of initial magma in many hypotheses of magmatic ocean. However, it isn't excepted that the vaporisa-
tion and nlhpletion of initial magma in Si, In', K and other relative volatile elements took place du-
ring impact influence on the ultramafic composition. And the following magmatic differentiation of
such deficient in volatiles magma may resulted in formation of the obeerved spectrum of the high-
land rocke. The comparision of experimental data concerning the higher wvolatility of silica relati-
vely to magnesium with the data on the content of these elements in the lunar material (insignifi-
cant deficit of silica and absence of any sign of magnesium depletion /3/) permits to put some 1li-
mitations on the average temperature of the supposed impact melts and probably that of magmatic cce-
an. If the temperature of the lunar surface (magmatic ocean) and vapor =1500°C silica is partially
in vapor as Mg is completely in melt.

Discusion. Vaporization process is not enough for the depletion of the Moon in volatile ele-
ments as e whole. It is necesmsary to take out this material from the planet. Using the experimental
forms of components in vapor (and their masses) during the vaporization of the ailicate melts /2/
permits to evaluate the level of dissipation under ideal conditions. The calculation shows that los-
ses of petrogenic elements at temperatire~1500°C from the recent Moon is improbable. Only for Ha
the level of dissipation reaches-2%, for the others it is significantly less thang1%. So, we can
conclude, that vaporization on the fiual stages of the lunar accretion could lead only to the re-
distribution of volatile substances within the lunar body the material loss from the surface was
principally possible but rather noneffective. The dissipative loss of material increases with the
decreasing of the lunar mass. Curves of the dissipation levels of the volatile petrogenic components
in dependence on temperaturs for the lunar mass 3.53:10255 are shown in fig.2. This mass corresponds
to the escape velocity 1.85 lm/eek and tne radius of the Moon by 400 km less than the recent one
(400 km is the assumed value of the magmatic ocean depth /3,4/). Curves of Ka, K, 5i0 and Fe begin
from the temperatures at which preazurec of their wvapors ,310-4tor (the pressures have been teken
from the basalt vaporization experiment)}. It may be sesn, that at temperatures 1500°C the level of
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dissipation for 510~2%, K~3%, MNa -14%. So, that termal dissipation on the stage of beginning of gene-
ration of the magma ocean could provide the depletion of the melt in alkalies and silica. The dis-
sipation on the early stage of the magma ocean formation should obviously be followed by the effects
of masa fractionation. In fact, the considerable depletion of the lunar material in Na comparative
to chondritea (x30), less K, and insignificant - Si, ia noted /3/. As the experiments show, iron is
more volatile than silica, but we haven't any signs of its depletion. The possible cause of this may
be the low possibility of its escape due to relatively large masa of its atom.
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Pig.1. THE TRENDS OP THE COMPOSITIONAL EVOLUTION DURING THE VAPORIZATION IN COMPARISOK WITH THE
COMPOSITION OF LUNAR HIGHLAND ROCKS

Fig.BR. CURVES OF THE DISSIPATION LEVELS OF THE VOLATILE FETROGENIC COMPONENTS IN DEFENDERCE ON TEM-
PERATURE POR THE LUMAR MASS 3.53x10%7g AND ESCAPE VELOCITY 1.88 im/sek
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