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  Status of Lunar Regolith Simulants  
– An Update 

http://www.reddit.com/r/CFB/comments/1mh8ry/your_team_gets_to_the_national_championship_game/


BSE 

Lunar soil simulants are supposed   
to be chemical and/or physical  

copycats of Apollo lunar samples 

MAJOR PROBLEM with Simulants:  
Mis-Made &Mis-Used!!  

CAUSE:  Lack of integration of  lunar science 
      with engineering applications 



APOLLO DRILLING PRACTICE 
L.A. Taylor – Granular Workshop 

David Carrier,  1971 



David Carrier 
   JSC,1971 

LUNAR SOIL TEST BED 
 

Kaolinite Clay 
+ 

League City Sand 
 

(With C-Black Markers)  

Drive-Tube Core Tube 
driven into 

Lunar soil simulant  

LA Taylor : PILOT - 5-11-05 

The First Lunar Soil Simulant 
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Slope Ratio, b=cot β 

Calculated stability of artificial 
slopes constructed in lunar 
surface material.  Data are 
presented for 3 situations: 

(1) an excavation in lunar soil 
(2) a compacted pile of  

   excavated lunar soil;  
(3)  a dumped pile of  lunar soil 

Slope Stability  ( Fig. 9.39; LSB, 1991 ) 

A vertical cut can safely 
be made in lunar soil to a 
depth of about 3 m; 
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Mare Soil:    JSC-1A  =  JSC-1 in chemistry + Geotech Prop. 
          MLS-1  =  Chemistry only of Apollo 11 soil (no glass) 
Highland Soil: MLS-2   =  Anorthosite = Chemistry only 
Magnetic Soil: NP-1   =  Magnetic properties only 

“One Simulant Does Not Fit All Needs” 

Facilities Construction        
Regolith Digging and Movin 
Trafficability (e.g., Roads)  
Microwave Processing       
Conventional Heat Treatment 
Oxygen Production      
Dust Abatement        
Mineral Beneficiation        
Solar-Wind Gas Release        
Cement Manufacture        
Radiation Protection   

Chemistry 
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Geotech/Engr 
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Simulant 

JSC-1A (= old JSC-1) 
JSC-1A 
JSC-1A 
NP-1+JSC-1A+MLS-2 
JSC-1A+MLS-2 
JSC-1A+MLS-1+MLS-
2 
NP-1+JSC-1A 
??? 
JSC-1A + Ion Implant 
MLS-1+MLS-2 
JSC-1A+MLS-1+MLS-
2 

SIMULANTS ARE NEEDED FOR STUDIES OF: 

2004 



Courtesy – Sarah Noble 



100 um 

Metallic Fe 

JSC-1A 



500 um 
50 um 

20 um 
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Charter for the LEAG-CAPTEM  
Simulant Working Group 

2010 
 “The PSS recommends that a comprehensive study be undertaken by LEAG 
and CAPTEM to define the types of simulants that the various communities 
require in order to facilitate important lunar investigations as well as to 
preserve the Apollo lunar sample collection for future generations.” 
 
Charged with the following tasks: 
•Identify all available lunar simulants along with their physical and chemical 
characteristics, the reason that they were made, the process by which they were 
made, who made them, and the quantity available (along with where/how they can 
be acquired) to the broader lunar community; 
•Identify all potential areas of study (e.g., engineering, biomedical and ISRU) 
that could require large quantities (10s of grams to kilograms) of lunar samples, 
thus creating a critical need for lunar simulants. For each area of study, (a) define 
the physical and chemical characteristics that would be required for the appropriate 
simulant and (b) estimate a projected quantify that would be needed for each area 
of study the foreseeable future (i.e., the next 10 years).  
The product will basically address 1) what is needed for lunar simulants; 2) 
what lunar simulants already exist; 3) protocols for their proper usage, and 4) 
needs for Apollo lunar samples.  
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LUNAR SOIL UNIQUE PROPERTIES:  UNUSUAL ISRU DISCOVERIES 

Working Group members [Chip Shearer (ex-officio) LEAG Chair]: 
 
•Larry Taylor, Univ. of Tenn., LADTAG, Lunar Soil Expert (Chair) 
•Jennifer Edmunson, MSFC, Simulant Engr. 
•Bob Ferl, Univ. of Florida, Bio Expert 
•Bob Gustafson – ORBITEC, Simulant Engr. 
•Yang Liu, Univ. of Tenn., Lunar Soil & Simulant Characterizer 
•Gary Lofgren, JSC, Lunar Sample Curator 
•Carole McLemore, MSFC, ISRU/Dust Project Manager  
•Dave McKay, JSC, LADTAG, Lunar Soil Expert (Dust/Biomedical) 
•Doug Rickman, MSFC, Simulant developer and tester 
•Jerry Sanders, JSC, ISRU Head Honcho 
•Mini Wadhwa, CAPTEM Chair, Lunar Expert 
 

LEAG-CAPTEM Simulant Working Group 
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LUNAR SOIL UNIQUE PROPERTIES:  UNUSUAL ISRU DISCOVERIES 

MKS-1 Carpenter, 2005 Low-Ti mare (intended use unknown) 
JSC-1A, -1AF  anonymous, undated, http://www.orbitec.com/ 
store/     JSC-1A-Bulk-Data-Characterization.pdf 

Low-Ti mare (general use) 
(JSC-1A  produced from the same source  

OB-1 Olivine-Bytownite Battler & Spray, 2009 Highlands (general use geotechnical) 
CHENOBI undocumented, see http://www.evcltd.com/ index.html Highlands (geotechnical) 
CAS-1 Zheng et al., 2008 Low-Ti mare (general use) 
GCA-1 Goddard Space Center Taylor et al., 2008 Low-Ti mare (geotechnical) 
NU-LHT-1M & 1D NASA/USGS-Lunar Highlands Stoeser  2009 Highlands (general use) 
NU-LHT-2M & 2C Stoeser et al., 2009 Highlands (general use) 
Oshima base simulant Sueyoshi et al., 2008 High-Ti mare (general use) 
Kohyama base simulant Sueyoshi et al., 2008 Intermediate between highlands and mare  
NAO-1 Li et al., 2009 Highlands (general use) 
CLRS-1 Chinese Lunar Reg. Sim. Chinese Acad. of Sciences, 2009 Low-Ti mare (general use?) 
CLRS-2 Chinese Academy of Sciences, 2009 High-Ti mare (general use?) 
CUG-1 He et al., 2010 Low-Ti mare (geotechnical) 
GRC-1 & -3 Glenn Research Center Oravec et al., in press Geotech. std. vehicle mobility lunar simulant 
TJ-1 Tongji University Jiang et al., in press 
TJ-2 

Low-Ti mare (geotechnical) 

KOHLS-1 Koh Lunar Simulant Jiang et al. 2010 Low-Ti mare (geotechnical) 
BP-1 Black Point Rahmatian & Metzger, in press Low-Ti mare (geotechnical) 
CSM-CL Colorado School of Mines – Colorado Lava - Unpubl. geotechnical 

LUNAR   REGOLITH   SIMULANTS  WORLDWIDE type 
MLS-1* Minnesota Lunar Simulant Weiblen et al., 1990 High-Ilmenite mare (general use) 
MLS-1P* Weiblen et al., 1990 High-Ti mare (experiment, not produced in bulk  
MLS-2* Tucker et al., 1992 Highlands (general use) 
ALS Arizona Lunar Simulant Desai et al., 1993 Low-Ti Mare (geotechnical) 
JSC-1* Johnson Space Center McKay et al., 1994 Low-Ti mare (general use) 
FJS-1 (type 1) Fuji Japanese Simulant Kanamori et al., 1998 
FJS-1 (type 2) 
FJS-1 (type 3) 

Low-Ti mare  
Low-Ti mare 
High-Ti mare 
 

Taylor & Liu (2010) 



Larry et. al.,    9-29-10 from Jerry Sanders 
 . 
•We need to have multiple lunar sample references that correlate to 
different locations on the Moon;    

•We need a list of simulant properties that are measured; 

•We need to have users define what simulant properties are important for 
testing; 

•We need to create an evaluation technique based on the location and use 
of the simulant proposed;   

•We need to define a set of simulant property measurement techniques that 
every simulant developer can use, e.g., ASTM standards; 

•We need to put more responsibility into the simulant developers hands;.  

•Hardware developers have tended to make their own simulants.  We tried 
to discourage this activity, but this has not come to pass.   

•It is NASA’s responsibility to collect all this data and categorize 
it for the community at large; Our Own  JERRY SANDERS 

Head Honcho of ISRU for NASA 

https://www.linkedin.com/start/view-full-profile?_ed=0_nYaPm4w7ohJPAA8wWRdzQy5lHKL381jup1F8qcoSSHXYVd3lEYEBMAYdPfaZPzv1&trk=pprof-0-ts-view_full-0
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Science 

Engineering 
Extra-Terrestrial  

Simulant Producer 

https://www.linkedin.com/start/view-full-profile?_ed=0_nYaPm4w7ohJPAA8wWRdzQy5lHKL381jup1F8qcoSSHXYVd3lEYEBMAYdPfaZPzv1&trk=pprof-0-ts-view_full-0




All Black Dots are 
 Nanophase Fe 

Milky Way of np-Feo 

1 µm 
all white beads = Fe0 

SEM 

Liu et al. (2007, Am Min) 

University of Tennessee, Planetary Geosciences Institute 
Larry Taylor (lataylor@utk.edu) 



Magnetic Properties of 
Materials 

_ + 
_ 

University of Tennessee, Planetary Geosciences Institute 
Larry Taylor (lataylor@utk.edu) 

Liu et al., 2007, Amer. Mineral. 

a Quantum Design 
MPMS-7 SQUID-based 
magnetometer at ORNL  

 

Presenter
Presentation Notes
Before I go to details, I will first review the background information on magnetism.  We can divide maerials into several main types (as shown here in the figure). The y-axis is the magnetization  and the x-axis is the magnetic field. When you put a a material into a magnetic field, it will  will generate a magnetic moment in order to align with the field. Three types of materials follow a linear trend go through origin. For diamagnetic materials, such as quartz and water, it generates a moment in the negative directive of the field. All matters contain diagmanetic signal, but it is too weak in other material. Second type is paramagnetic materials.  Good examples are biotite and fayalite.  This type of material will align with the field and it changes when the field changes. The antiferromagnetic material behaves similar as paramagnetic material at room temperature . Pure ilmenite and ulvospinel are antiferro-Ferro- and Ferri-M behave differently from the other three.  The magnetization form a hysteresis loop around the origin. When increase field, the magnetization increases until it reaches a saturation point, after that increasing M will not increase the magnetization. This saturation M can be used to calculated the amount of ferro- materials. When the field is removed, there is a residual. Iron and nickle are typical ferro-M and most Fe-Ti oxides.  When the grains becomes small, the FM  becomes superpara-, shown by this purple S-shape curve.  The SPM still saturates.  Now if I have metallic iron with a mixture of size, this hysteresis loop will be come narrower but the saturation point stays same.  So, the main point is that we can use this technique to distinguish nanophase iron.  



paramagnetic signals subtracted 

Similarity between Lunar 
Soil & Synthetic A 

Different Magnetic 
Properties from Lunar Soil 

University of Tennessee, Planetary Geosciences Institute 
Larry Taylor (lataylor@utk.edu) 

Liu et al., 2007, Amer. Mineral. 

Presenter
Presentation Notes
Here shows the magnetization curve.  The left side is the comparison between lunar soil and synthetic A. They  are very similarRight side shows the other two samples. There is a large difference between terrestrial samples and lunar samples.
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