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    Introduction. Micrometeoritic impacts on 
lunar surface soils comminute, vaporize and 
melt parts of the targets. The impact vapor 
dissociates Fe0 and silicates, which condense 
on grain surfaces as an amorphous silicate 
patina charged with nanophase Fe0 particles 
[1, 2]. The melt scavenges dust and quenches 
to form agglutinates [3]. Because solar wind 
hydrogen is implanted in lunar soils, the melt 
suffers reduction and produces immiscible 
Fe0 globules of various sizes that may 
coagulate to form larger globules [4, 5]. 
Taylor et al. [2], however, dispute that Fe0 
could form from micrometeoritic impact 
melts on lunar surface. 
    To test this assertion, we have conducted 
one atmosphere melting experiments on lunar 
soil compositions in a hydrogen atmosphere. 
The quenched charge contains many 
submicron to millimeter sized Fe0 globules. 
This indicates that it Fe0 globule do form 
through melt-exsolution in an environment 
with a fO2 below the iron/wustite boundary, 
although we have not successfully formed 
globules much below 100nm in size.   
    Experimental. All experiments were 
conducted at one-atmosphere in a vertical 
tube gas-mixing furnace. Starting materials 
were a mixture of oxide and carbonate 
powders that were fused at high temperature 
on a platinum loop followed by grinding to < 
240 mesh (~ 50 microns).  Starting 
compositions (listed below) represent a range 
of lunar soil compositions.  

Table 1. Starting compositions for 
experimental runs.  
 
 15221 67461 12001 
SiO2 46 45 46 
TiO2 1.1 0.29 2.8 
Al2O3 18 29.2 12.5 
FeO 11.3 4.2 17.2 
MgO 10.7 3.9 10.4 
CaO 12.3 17.6 10.9 
Na2O 0.43 0.43 0.48 
K2O 0.16 0.055 0.26 
MnO 0.154 0.055 0.22 
Cr2O3 0.325 0.075 0.41 
Total 100.5 100.8 101.2 
 
    All experiments were conducted in 
crucibles fabricated from San Carlos olivine 
following the method of Ehlers et al. [6]. The 
crucible plus powder was placed in a loosely 
closed silica tube that was suspended in the 
hot spot of the furnace. The loosely closed 
tube eliminated Pt contamination but 
permitted gases to reach the sample. 
Temperature was monitored using a Pt-
Pt90Rh10 thermocouple calibrated against the 
melting point of Au.  Very low oxygen 
fugacities (~ log fO2 -13) were achieved by 
mixing pure H2 gas with small amounts (~ 
1%) of Ar gas that entered the furnace at flow 
rates of less than 1 cc/s. Oxygen fugacities 
were monitored with a ZrO2-CaO sensor 
calibrated at the Fe-FeO buffer. The specific 
conditions for the images below involve a run 
time of 20 hours at a temperature of 12770C. 
    Results. Once the run was complete, the 
quenched charge was polished imaged using a 
SEM. Two back scattered electron (BSE) 
images are shown below in which Fe0 
globules appear as white circles in a grey 
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groundmass of silicate glass. Globules range 
in size from about 200nm to a few microns; 
one larger mm sized coagulated Fe0 entity is 
not shown here. 
                                                          

    
 
Figure 1. BSE image of quenched charge 
showing a plethora of Fe0 globules as is 
commonly seen in natural lunar agglutinates; 
scale bar is 2 microns 
 

    
 
Figure 2. BSE image of quenched charge 
showing Fe0 globules ~200nm or larger; scale 
bar is 500nm                                                            
       
    Discussion. It is clear that submicron sized 
Feo globules do form from melt. However, the 
globules that formed were larger then 
common nanophase Fe0 globules found in 
soil-grain patina [1]. A possible reason for the 
large size of the Fe0 made in the laboratory is 
the growth time allowed, in this case 24 
hours. In the lunar environment the globules 
are only given seconds or less to from.  This 

short time would make it difficult for 
individual nanoscale globules to combine into 
larger globules.  In these natural melts, 
however, vapor deposited or melt-exsolved 
nanophase Fe0 may serve as a nucleation sites 
and grow larger the longer the melt is in a 
liquid state. 
    The Next Step. We plan to run a sequence 
of time varied experiments to establish 
empirical growth rates and extrapolate to 
estimate the size of the Fe0 globules at 1 
second. We also expect to find the 
crystallinity, if any, of the Fe0 globules by 
using EBSD on an SEM. 
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