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     Introduction:  The formation of regolith on 

all airless bodies is a complex interaction of the 

components of space weathering and the surfaces 

of these objects, be they asteroids (e.g., 4-Vesta), 

moons (e.g., Phoebus), small planets (e.g., Mer-

cury), or our unique neighbor, the Moon.  In fact, 

it has been the Apollo Missions to the Moon that 

have provided the data basis and opportunities to 

study just such a regolith.  The geologic term “re-

golith” (Greek: "blanket rock") refers to a layer of 

loose, heterogeneous material covering solid 

rock.  With planetary studies, it is often used syn-

onymously with “soil”, which has been defined as 

that portion of the regolith <1 cm in particle size 

[1]. The term "soil" in this planetary setting is 

where biologic activity is absent; it is not organic-

bearing soil in terrestrial usage, but merely a size 

designation for a particular range of regolith par-

ticles.  In addition, in recent years, “dust” has 

been defined as the <20 μm portion of the soil.  

For excellent reviews of the formation of lunar 

regolith/soil, see [1-2].  

     Weathering:  With the practical absence of an 

atmosphere (10
-10

 to 10
-12

 torr) and total lack of 

water on the Moon, the major weathering and 

erosional processes are totally alien to those on 

Earth. Instead, the flux of meteorites and micro-

meteorites (<1 mm) is the major regolith-, soil-, 

and dust-forming agent. Other processes, of less 

importance, are due to galactic/cosmic/solar par-

ticle irradiation, which causes spallation, vapori-

zation, and radiation damage. Other factors are 

mass wasting, with downhill landslides on vari-

ous scales, and electrostatic transport, which oc-

curs along the lunar terminator, although the den-

sity of such particle levitation is minute.  Lastly, 

pyroclastic soils (e.g., Apollo 17 orange soil) 

have been formed largely by volcanic activity.      

     Lunar soil is an ever-changing blanket of 

crushed, pulverized, and melted materials, which 

evolves in direct response to continued reworking 

by the micro-meteorite flux.  The two main dy-

namic processes responsible for this developmen-

tal sequence are (1) comminution (crushing and 

pulverizing) and (2) agglutination (the aggrega-

tion of soil particles by impact-produced glass. 

The textural maturity of the lunar soil is deter-

mined almost entirely by the balance between 

these two opposing processes, one destructive, 

the other constructive, with respect to particle 

size.  During time, larger impact events penetrate 

the soil blanket in a stochastic process and effec-

tively mix soils from below with the latest surfi-

cial soil.   This mixing and turn-over of the soils 

takes place on all scales.  A 2.98 m deep core re-

vealed that mare soils do not vary systematically 

in maturity as a function of depth, except for a 

distinct array of very-mature soil in the upper 5 

cm.  It has been estimated to take a few million 

years for the formation of a single cm of soil [2]. 

     The particle size distribution (PSD) of lunar 

soil decreases as the exposure age and maturity 

increase.  As shown in Fig. 1, the average size of 

lunar soil is 50-60 μm, and this constitutes about 

50 wt% of the soil [1].  Notice also that lunar dust 

at <20 μm makes up ~20 wt%.  It is this abundant 

dust that has the toxicologists concerned for its 

possible effects on human respiratory and pulmo-

nary systems.  Until recently, little was known of 

the size distribution and general physical nature 

of lunar dust.  However, studies of the PSD and 

morphologies and shape analysis have demon-

strated the unusual nature of the dust with the 

maximum number of particles/mass is at 100-200 

nm (0.1-0.2 μm) [3-6]. 

 

Figure 1. Particle Size Distribution of Mare Soil 

[1]. 
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     Nanophase-Fe:  Agglutinitic glass contains 

myriads of nano-sized metallic Fe grains.  During 

the micro-meteorite impacting process when por-

tions of the soil are melted, it can be super-heated 

such that certain components of the melt become 

vaporized.  It is this vapor phase that is most im-

portant in modifying surface properties. Vapo-

rized material is injected into the soil as high-

velocity plasma jets that form a layer, or rim, on 

the surface of nearby soil grains. It is thus, an ac-

cumulative and constructive process.  And the 

vapor condenses to a silica-rich glass with the 

ubiquitous nanophase Fe [7].  Rims are common 

on lunar soil grains, especially in fine sizes; in a 

mature soil, as much as 90% of grains are rimmed 

[8].  It is this glass plus that chipped off the rims 

of grains that is comminuted into finer grain siz-

es, only to be remelted into more agglutinitic 

glass.  With subsequent meltings, the nanophase 

Fe gradually ripens (grows in size).  This fragile 

glass that is readily and selectively crushed into 

the finer grain sizes of the lunar soil.  The impor-

tant point to be made here is that 50-80 % of lu-

nar dust consists of glass, most with irregular, 

sharp edges and virtually all containing nano-

phase metallic Fe.  It is believed by the author 

that vapor-phase deposition is the origin for most 

of the np-Fe in impact glass, not the hydrogen-

reduction paradigm from Apollo days.  And, it is 

the presence of this np-Fe in the abundant impact-

glass and on grain rims that negatively affects 

reflectance spectra [11-13].  

     Unique Lunar Soil Properties for In-Situ 

Resource Utilization:  The cost of bringing ma-

terials to the Moon, estimated at $20-40K/kg, 

necessitates that the rock, minerals, and soils on 

the Moon be used as the resources for many of 

the immediate needs (e.g., oxygen, water, habi-

tats).  A major problem that will affect virtually 

all activity by astronauts on the Moon involves 

the presence of the ubiquitous, abrasive, glassy 

lunar dust.  However, as discussed by Taylor et 

al. [14], the abundant nanophase Fe in the domi-

nant impact-glass imparts a magnetic susceptibili-

ty such that virtually all lunar soil <20 μm can be 

picked up with a simple magnet.  This nanophase 

Fe in impact glasss has been synthesized for 

ISRU experimentation [15].  This has fostered the 

design of magnetic dust filters [13] and a lunar 

soil magnetic collector (LSMAC; Fig. 2) and 

transporter [9].  In addition, “If lunar soil is 

placed in your kitchen microwave oven, it will 

melt at >1200
0
C, BEFORE your tea-water will 

boil” [10]; paving lunar regolith for rocket land-

ing pads, roads, habitats (Fig. 3) is possible.  

Such discoveries are leading the way in establish-

ing a permanent human presence on the Moon.  
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  Figure 2. Lunar Soil Magnetic Collector [9]. 

 
 

           Figure 3.  Microwave paver  [10]. 
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