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Astromaterials Research & Exploration Science

SIMULANT : JSC-1/1A

Overview

This low-Ti lunar mare simulant was originally named Johnson Space Center
One (JSC-1)M2IBI4l and was later replicated as JSC-1A. JSC-1/1A is crushed
from basaltic ash (JSC-1/1A Source Material
(https://wiki.jsc.nasa.gov/exploration/index.php/JSC-1/1A)) mined at Flagstaff,
Arizonal™l, Minimally processed JSC-1/1A Source Material
(https://wiki.jsc.nasa.gov/exploration/index.php/JSC-1/1A) is also available as a
lunar mare simulant. JSC-1/1A formulation does not contain any additives,
however Outward Technologies (https://outward.tech/) produces JSC-1/1A-
derived agglutinates that can be added to JSC-1/A to increase its lunar fidelity.
The Simulant Database (https://simulantdb.com/simulants/jsc1.php) contains
additional details concerning JSC-1/1A. JSC-1/1A is classified as having
"standard" fidelity based on the Planetary Simulant Database's loose guidelines
for fidelity (https://simulantdb.com/SimulantFidelity.pdf).

Pros and Cons

Pros

« Similar bulk chemistry to Apollo 14 soil 14163 and Apollo 171!
« Similar mineralogy to Apollo 14 soil 141644

« Similar particle size distribution to Apollo 15 soil 1553

« Particle shape is relatively angular(ll’!

« Naturally contains high lithic and glass fractions!®!

« At 40% relative density (loosely packed), Carrier et al. (1991)!®l found JSC-
1/1A to have similar strength and deformation to lunar soill®

o Klosky et al. (2000)[10] described JSC-1A as a high friction, high stiffness soil
with extraordinary dilatancy

Cons

« Contains both Fe3* and FeZ* ions where in lunar soil only reduced Fe is
expected!®l

« Contains natural phosphates and Ti-magnetite instead of ilmenite!
« Narrower particle size distribution than Apollo reference soill4

« Contains particles that are subrounded!©!l’!

« Lacks nanophase Fe and agglutinatesl4

e At 60% relative density (medium packed), Carrier et al. (1991)[8] found JSC-
1/1A to have dissimilar deformation to lunar soil
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General Properties

https://ares.jsc.nasa.gov/projects/simulants/jsc-1-1a.html

(https://www.nasa.gov/)

Lunar Surface
Innovation
Consortium

Lunar Surface Innovation Consortium
(LSIC): Homepage
(https://Isic.jhuapl.edu/)

Lunar Surface Innovation Consortium
(LSIC): Lunar Simulants Working Group
(https:/Isic.jhuapl.edu/Our-
Work/Working-Groups/Lunar-
Simulants.php)

NASA LSIC Simulant Survey
(https://docs.google.com/forms/d/e/1FAIpQLSeHoq6_XvUPfY4jV5Z:
uohynKtu3RWzIVg/viewform)

Dust Testing Facilities

Summary of Lunar Dust Testing
(/projects/simulants/lunar-dust-
testing.html)

+ Johnson Space Center (JSC)
(/projects/simulants/dust-testing-
facilities/johnson-space-center.html)

+ Glenn Research Center (GRC)
(/projects/simulants/dust-testing-
facilities/glenn-research-center.html)

- Jet Propulsion Laboratory (JPL)
(/projects/simulants/dust-testing-
facilities/jet-propulsion-laboratory.html)

+ Kennedy Space Center (KSC)
(/projects/simulants/dust-testing-
facilities/kennedy-space-center.html)

+ Ames Research Center (ARC)
(/projects/simulants/dust-testing-
facilities/ames-research-center.html)

- White Sands Test Facility (WSTF)
(/projects/simulants/dust-testing-
facilities/white-sands-test-facility.html)

- Stennis Space Center (SSC)
(/projects/simulants/dust-testing-
facilities/stennis-space-center.html)

« Langley Research Center (LARC)
(/projects/simulants/dust-testing-
facilities/langley-research-center.html)

+ Goddard Space Flight Center (GSFC)
(/projects/simulants/dust-testing-
facilities/goddard-space-flight-
center.html)

+ Marshall Space Flight Center (MSFC)
(/projects/simulants/dust-testing-
facilities/marshall-space-flight-
center.html)

« External Environments
(/projects/simulants/dust-testing-
facilities/external-environments.html)

« Industry Facilities
(/projects/simulants/dust-testing-
facilities/industry-facilities.html)
+ Non-NASA Facilities
(/projects/simulants/dust-testing-
facilities/non-nasa-facilities.html)
+ Academia Facilities
(/projects/simulants/dust-testing-
facilities/academia-facilities.html)
Comprehensive Dust Testing Facility
Table
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Particle Shape Range

Particle Size Range (pm)

angular to subrounded?  10-10000!

Particle Size Distribution (by Chemical Composition (by
sample/site)

Apollo 14 soil 14163!"

site/sample)

Apollo 15 soil 155301211

Texture

naturally high glass and lithics fraction"ll°]

Modal Mineralogy

Mineral
Glass
Plagioclase
Olivine
Cr-spinel
Ti-magnetite
K-silicate
Sulfide
Albite
Quartz
Chlorite
Apatite

Clinopyroxene

limenite

Abundance (%) ['4
49.3
37.1
9.0
1.1
0.4
1.4
1.0
0.3
0.2
0.1
<0.1
<0.1
<0.1

Major Element Chemistry

Oxide

Sio,
TiO2
Al203
Cry03
Fe, 04
FeO
MnO
MgO
Ca0
Na0
K50
P,0s5
Lol
Total

Apollo 14

Average Soil wt. %[B! Bl
48.1 47.71
1.7 1.59
17.4 15.02
0.23 0.04
- 3.44
10.4 7.35
0.14 0.18
9.4 9.01
10.7 10.42
0.7 2.7
0.55 0.82
0.51 0.66
- 0.71
99.8 99.65
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Jsc-1/1A wt. %[1Jsc-1/1A wt. %

[12]

47.4
1.56
16.1
0.03
11.4
0.18
7.72
10.5
2.94
0.80
0.59
0.3

99.6

Mean Particle Size (um)

Mineralogical Composition

Apollo 14 soil 141641201

JSC-1/1A wt. %I

45.7
1.9
16.2

12.4

0.2
8.7
10.0
3.2
0.8
0.7

99.8

Geomechanical and Physical Properties

Geomechanical Properties

Hardness (Mohs

scale)

4-5

Density (g/cm?®)

Bulk

1.5-1.7M1
1.57-1.64010
1.62-1.720171
1.7-1.88011
1.8-1.9018l
1.918l

Specific Gravity
(g/cm®)

2_9[1 4]
2912
28750131

Relative Max

1.83110]
1.91017
1.800!
2.03[131

Triaxial: Shear Strength

Cohesion (kPa)

1.0-1.411
0.1-2.5018]
0.2-1.8l16
1.4-2.4M
2.4-3.8l€]
3.9-13.4017]
3.9-14.4110
<1.02
2.0-5.0114

Friction Angle (°)

43.9-45!"
42.9-48.80"1
44.5-49016]
41-60018!
44.4-52.707
4502
48.8-55l8]
43.6-44.400]
57013l
37-48014

https://ares.jsc.nasa.gov/projects/simulants/jsc-1-1a.html

Angle of Repose (°)

37[1 5]

Relative Min

1.43001
1.431"7]
1.33016]
1.57018

Uniaxial

Young's Modulus
(MPa)

18-60, 65-110017

Void Ratio

0.61-1.18/18!
0.410-0.826[131

Tensile Strength
(kPa)

0.93-2.00["

(/projects/simulants/_resources/comprehensive_dust_testing_facilit
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Simulant Development
Lab Analytical Results

Pending analyses.

Safety

Please view the JSC-1/1A (_resources/JSC-1A_SDS.pdf) and JSC-1A
(_resources/BlackCinder_SDS.pdf) source material (black cinder) Safety Data
Sheets (SDS) for specifications, PPE requirements, and hazards.

Recommendation

JSC-1/1A is recommended for geotechnical testing that involves loose simulant.

JSC-1/1Ais also recommended for ISRU testing that does not depend on iron
redox or ilmenite. More detailed recommendations come from the Lunar
Regolith Simulant User’s Guidel'9. View the Simulant Testing Matrix
(/projects/simulants/lunar-dust-testing.html) and/or contact the JSC Simulant
Development Laboratory (/projects/simulants/development-lab.html) for
information concerning simulant recommendations.

Excavation / Flow

Recommended
Relatively angular particles, reasonable PSD.

Drilling
Recommended with reservations
Uncertain but probably reasonable fidelity to highland abrasiveness.

Abrasion / Wear

Recommended with reservations
Uncertain but probably reasonable fidelity to highland abrasiveness.

Oxygen Production

Recommended with reservations

Chemistry: FeO is significantly high relative to lunar reference (=11 vs. 5 wt.%).
Mineralogy: Contains natural phosphates, Ti-magnetite instead of ilmenite. Use
will likely result in unrealistically high oxygen yields; may be a good mare
simulant (e.g., Apollo 14) for this use.

Human Health Studies

Possibly suitable composition
Reasonable PSD but too coarse in fine fraction.

Availability

JSC-1/1A is currently available at the JSC Simulant Development Laboratory
(/projects/simulants/development-lab.html) in bulk quantities.
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