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I. INTRODUCTION. In this report we first present a new microprobing procedure 
intended to characterize various physical and chemical surface properties of in- 
dividual lunar dust grains on a microscale. In this procedure the same submi- 
cron-sized area of a given grain is successively analyzed with a high voltage 
electron microscope (HVEM), an Auger electron microprobe (y-Auger),and a field 
emission scanning electron microscope (FESEM). In addition slightly larger 
zones still centered on the previously analyzed area can be further characte- 
rized with an ion microprobe (u-ions) and the X-rays attachment (EDX) of the 
FESEM. Finally we apply this analytical technique to search for lunar "weathe- 
ring" effects in lunar dust grains. 

11. OUTLINE OF THE MICROPROBING PROCEDURE FOR MICRON-SIZED GRAINS. 
11.1. Electron microscope preparations. The grains are first dispersed on 

special electron microscope substrates that are fixed on numbered gold grids. 
Therefore the position of a given grain can be quickly found. In addition as 
the substrates are remarkably stable, the grains can be heated up to -1050° C 
in vacuum and directly etched either with a chemical reagent or with a beam of 
low energy ions. 

11.2. HVEM run. A selected grain is then observed with the HVEM (1) which 
can potentially help in analyzing its following "physical" features : ultra- 
thin coatings ; latent tracks ; degree of lattice ordering from the center to 
the edge of the grain ; exsolution lamellae ; inclusions and microfracturing. 
In addition an electron analyzer has been recently attached to the microscope 
which can be used to "chemically" characterize several of these features by 
measuring the energy losses suffered by the primary electron beam. 

11.3. Indium "replication". After the HVEM run the electron microscope 
substrate is gently pressed against an indium foil and a high proportion of the 
grains get partially imbedded into the indium matrix while keeping their 
x, y coordinates. A negative replica of the numbered gold grid is thus obtained 
(fig.1 ). As a result beam charging and heating effects are considerably re- 
duced during the subsequent analysis of the imbedded grains with the y-Auger, 
y-ions and FESEM probes. 

11.4. y-Auger run. We remind that in the conventional Auger electron spec- 
troscopy which has so far been applied to lunar samples (2) a large beam (-lmm) 
of low energy electrons ('2,000 eV) is used, and no single grain analysis can 
be performed as a great number of 1 u-grains are required to get signals above 
background. In our brand new Auger microprobe (3) this severe limitation is sup- 
pressed as the beam section can have a diameter of '0.5 y, and this feature al- 
lows a truly microanalysis even on a single 1 p-grain. In addition a scanning 
device associateddthtbe small beam section gives a secondary electron picture 
of the grains which is good enough to identify their x, y coordinates (fig. 1) 
Finally we can excite the high energy A1 and Si transitions (by increasing the 
energy of the primary electrons up to 30 keV) and detect very low energy elec- 
trons such as those emitted by Al, Si and Mg. 

11.5. FESEM, EDX, and p-ions runs. If necessary the selected grain in the 
indium replica can be further characterized by using the FESEM ( 4 )  with its 
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EDX attachment and an ion microprobe (5) which also gives a secondary ion pic- 
ture of the indium replica from which the position of the grain can be easily 
inferred. 

11.6. Calibration techniques for the chemical analysis. To identify metal- 
lic coatin s on lunar dust grains (see chapter 111.1) we evaporated thin layers 
(10 to 50 f ) of iron and titanium on 1 y-feldspars obtained by crushing an in- 
ternal chunk of lunar igneous rock 15065. In addition we implanted known doses 
of low energy ions ( N ~ ~ ,  ~e~', s ~ ~ )  in feldspar and ilmenite targets to cali- 
brate the y-Auger runs (this ion implantation "isotope dilution" technique is 
jointly developed with G. Slodzian and R.M. Walker). 

111. SEARCH FOR LUNAR "WEATHERING" EFFECTS IN LUNAR DUST GRAINS. 
111.1. Metal enrichment in the surface layers of the grains. Such enrich- 

ments have been postulated by others for Fe, Ti, K and Pb. Cold et a1 ( 3 )  even 
reported the existence of iron coatings on lunar dust grains. In the present 
work -10 1 thick layers of both Fe and Ti give Auger transitions which are at 
least 20 times greater than the corresponding ones observed either in feldspar 
blanks from rock 15065 or in feldspars from the mature 10084 and 60601 soils. 
Therefore we deduce that lunar weathering do not produce Fe and Ti rich coa- 
tings on lunar dust grains. Furthermore we also believe that this conclusion 
can be generalized to both K and Pb as we did not detect these elements on 
100 y-ilmenite grains extracted from the same soil samples. 

111.2. Other types of ultra-thin coatings on the grains. We already repor- 
ted the existence of amorphous coatings of solar wind radiation damaged mate- 
rial (SWAC) on micron-sized feldspars and pyroxenes from mature soils. In addi- 
tion by running both an iimenite and a feldspar separate from the 5 y-residue 
of the 10084 soil, we observed SWAC on about 100 % of the feldspars but not on 
any one of the 11 ilmenites so far analyzed. Therefore we first deduce that in 
mature soils only the feldspars but not the finest ilmenites show solar wind 
saturation effects. Furthermore our simulation experiments (6) indicate that 
the solar wind exposure time, TSW, required to develop SWAC on feldspars and 
ilmenites are of about 2,000 and 20,000 years respectively. By combining this 
observation to the previous one we can then set the following experimental 
limits on the effective T values attached to the constituent 1 y-grains of 
mature soils : 2,000 5 T ?W20;OO0 years. 

111.3. Accretionary particles on the grains. (A) ---------------- HVEM run of 1 u-grains. ----- 
In mature soils most of the grains are in fact micron-sized aggregates of 
welded dust. The central grain in an aggregate always shows a rounded habit 
with a SWAC. Furthermore the density of secondary particles in the aggregate, 
vs (nb/y2), varies from Q0.1 to Q1, when the F index of solar wind maturity 
(see chapter 111 in ref.7) increases from -10 % to 100 %. On the other hand 
ilmenites from the same soils have angular habits with no SWAC, and their Ns 
values are much smaller than those measured for the feldspars. (B) HVEM run of ----------- 
external fragments from crushed 400 mesh grains (10084 soil). The external sur- ------------ ............................ ----------------- 
faces of the coarser grains seem to belong to 2 distinct types : frequently the 
surfaces are very clean and only show a rounded habit with a broken SWAC on 
which very few secondary particles are attached ; occasionally "dirty" external 
surfaces are observed where the SWAC is covered by large accretionary particles 
that look like the glassy matpix of the glassy agglutinates, and no eviderce 
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for a thermal metamorphism of the SWAC is found. (C) y-Auger - - - - - - - - run of 100 y-il- =-------------- 
menites (10084 soil). By varying the analyzed area from % 0 . 2 ~  up to % 100 y2 ------------------- 
we did not detect anything else than the characteristic major (Fe, Ti, 0) and 
minor (Ca, Mg, Al, Si) transitions of ilmenite. This strongly suggests that at 
least for ilmenites, the surfaces of lunar dust grains are not drastically al- 
tered by accretionary particles during lunar weathering. (D) FESEM - - - - - - run. - - - Alt- 
hough the complexity of the FESEM surface topography observed with a resolution 
of - 50 x on ilmenites, feldspars, and glassy agglutinates from sample 10084 
now defies our understanding, 2 conclusions are clear ; a) there ts no over- 
lapping of accretionary particles on the grains ; b) very shallow "ring' struc- 
tures with a "thickness" 5 100 8 are frequently observed which could be the 
"printsv' of microscopic glass splashes now detached from the grains. 

111.4. y-Auger search for solar wind implanted species. With our present 
sensitivity we did not observe any Auger transition due to N, Ne, S, P, in il- 
menites from the 10084 sample. In feldspars artificially irradiated with doses 
of % 5. 1015 i~ns.cm-~ we only detected S. However the sensitivity of our probe 
will be soon increased by a factor of about 100, and then we hope to measure 
the concentrations of solar wind light elements in individual- lunar dust grains. 

111.5. Mineralogical composition of the 5 p-residues of various soils. With 
respect to grains from coarser size fractions, the finest grains show : 1. 
(HVEM) : a much smaller proportion of glasses G(<5 y) 5 10 %, which is not cor- 
related to the glass content of the coarser size fractions. In particular with 
the exception of sample 15003,415 for which G - 30 %, 9 samples from section 
I11 of the Apollo 15 core tube have G values smaller than 5 % ;  2. (HVEM) : a 
much smaller content of pyroxenes with thin ( <  0.5 y) exsolution lamellae ; 
3. (EDX; 10084 soil): a higher proportion of feldspars (%5O % )  ; 4. (EDX;10084 
soil): a corresponding depletion of Fe-Mg-rich grains such as pyroxenes and 
glasses, but the expected proportion of ilmenites. In addition most of the felds- 
pars give weak Ti signals which suggest that accretionary particles on the 
grains are enriched in opaque grains. (Such a feature could also account for 
the Auger results of Gold et a1 (2) ) .  

Figure 1 IV. CONCLUSIONS. Although the microprobing procedure we 
( y- Auger presented still requires improvements, we believe it will be 

useful in fields of science connected with the analysis of 

H A L F T O N E  - N O T  very tiny grains such as those present in the fine grained 
matrix of carbonaceous chondrites, in terrestrial aerosols, 

P R I N T E D  in antartica dust, etc . . .  and perhaps in the martian soil 
samples and in material from comet Encke. 
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