MAPPING OF COMPOSITIONAL ANOMALIES IN AGGLUTINATES ON THE LUNAR SURFACE.
L. V. Starukhina', Yu. G. Shkuratov', V. V. Omelchenko', C. M. Pieters’, 'Astronomical Institute of Kharkov
National University, Sumskaya 35, Kharkov, 61022. Ukraine; ’Brown University, Providence, RI 02912 USA,

starukhina@astron.kharkov.ua

Introduction: Composition of mare and high-
land agglutinites was shown to be slightly shifted to
the average between that of mare and highland [1],
similar to the shift observed for regolith samples as
compared to the local bedrocks [2]. Mare agglu-
tinitic glasses are Al-enriched and depleted of Fe, Ti,
and Cr, whereas highland ones are depleted of Al
and enriched in Fe, Ti, and Cr. This suggests global
mixing processes that affect predominantly the parti-
cles most exposed to the space environment, i. e.
agglutinates [1]. Such processes, namely, transport
of dust and atoms via the lunar exosphere, were con-
sidered in [3,4]. Here we continue the simulation of
the regolith compositional evolution mapping agglu-
tinate compositional anomalies on the lunar surface.

Maps of agglutinate composition anomalies:
Detailed compositional and spectral analyses of lu-
nar soils carried out by the Lunar Soil Characteriza-
tion Consortium (LSCC) [e.g., 5] give a unique op-
portunity to develop a technique that might be suc-
cessfully used in remote compositional analysis of
the lunar surface. The analysis supplies us with
chemical data not only for bulk samples, but also for
mineral components including agglutinates. We used
the LSCC data to find relationships that provide the
highest correlation coefficients between various lin-
ear combinations, log(P) = aA45 + bAssp + CAgyp +
dA;ge0, of albedo A (in %) at Clementine UVVIS
spectral bands and the parameter P that presents the
abundance of a mineral or chemical element [6]. We
have found the coefficients of the linear combina-
tions (Table 1) for agglutinate content (in %), bulk
(total) abundance of FeO and Al,Os, and abundance
of FeO and Al,O; in agglutinates. The corresponding
correlation coefficients are also presented in Table 1.
Then we make prognosis maps for the mentioned

arameters using Clementine UVVIS data.
Table 1. a b c d e k
IAgg. cont |-0.062 | 0.04 |-0.063 ]0.052 [1.776 .84
FeO -0.063 10.102 |0.029 |-0.112 [1.376 D.89
FeO agg. |-0.116 [0.107 |-0.008 [-0.04 10.888 0.83
AL O3 0.052 |-0.082 |-0.046 ]0.107 0.991 p.86
IALO; agg. |-0.006 [-0.029 |-0.169 ]0.191 0.961 .74

In Fig.1 the map of the ratio of Al,O; in aggluti-
nates to total Al,O; percentage is presented, in Fig.2
the same for FeO is shown; both maps are normal-
ized by agglutinate content. As one can see in Figs.1
and 2, mare agglutinates are enriched in Al,O; and
depleted in FeO as compared to the bulks, whereas
the agglutinates on highlands the opposite relation is
observed. As can be anticipated in both these cases
the highest anomalies are observed for young craters
and their ray systems.

Chemical composition evolution of regolith
particles: Change in chemical composition of fine
particles (<10 pm) occures in two processes. (1)
Loss of surface atoms in sputtering by solar wind
protons and evaporation of target material in micro-
meteorite impacts and deposition of atoms that were
sputtered or evaporated at distant sites. (2) Contami-
nation of the upper regolith layer by high-velocity
dust ejecta from distant craters. As dust particles that
cover mare-highland distances have speed ~1 km/s,
they penetrate in the regolith to some depth. Thus so
only a part of high-velocity dust ejecta contribute to
agglutinate particles. Following [3,4], global deposi-
tion flux of sputtered and evaporated atoms can be
estimated as 8x10°cm?s”, or 3x10"7 g-em?s™.
Among the sputtered atoms, heavier elements are
preferentially deposited [3,4], so in atomic mixing,
the abundance of Fe increases as compared to its
abundance in the regolith composition averaged over
the Moon. This average composition (21.8 wt.%
Al O; and 7.3 wt.% FeO) is the limit point for mix-
ing by the dust mechanism. Total flux of globally
distributed dust was estimated with the mass spectra
for small impactors [7], taking crater-to-projectile
diameter ratios from [8,9]. The fraction of dust that
takes part in global transport was calculated using
the ejecta velocity distributions from [10,11]. The
resulting flux of dust amounts equals
1.1:110" gem™s™ (or 3:10° em™s™), ~40% of it be-
ing due to the ejecta from microcraters on particle
surfaces.

The best fit with the compositional trends on
ALO3-FeO plane from [1] is obtained, if *60% of
globally distributed dust enter into agglutinates, i.e.,
for atoms to dust mass ratio ~1:2. In Fig. 3 the simu-
lated trends are shown. The total time scale is of the
order of that found in [12] for total exposure time for
a fine particle on the regolith surface (1.5-10° years).
The modeling show that the ratios of the final Al,0;
and FeO contents to their initial contents for mare
and highland particles are about the same, as is ob-
tained for mare and highland areas in Figs.1 and 2.

Conclusions: Maps of prognosis of bulk and
agglutinate composition of the lunar regolith were
obtained using the technique proposed in [6]. This
technique uses LSCC and Clementine data. Simula-
tion of the chemical evolution of a regolith particle
exposed to lunar exosphere and to fine dust particles
of ejecta have shown that this mechanisms of global
mixing can account for the compositional anomalies
observed for agglutinitic glasses [1] and obtained for
the entire lunar surface.
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