
CHARACTERIZATION OF HAWAIIAN BASALT AGGREGATE 
& THE EFFECTS OF CHEMICAL COMPOSITION ON 
SINTERABILITY:
Implications for Future Lunar/Mars ISRU Applications.

Kyla Edison (Defore), Christian 
Andersen, Rodrigo Romo, Kye 
Harford & Kylie Higaki



Can a durable construction 
material be produced from basalts 
of varying chemical compositions?



Kohala ^

Hualalai ^
Mauna Kea ^

Mauna Loa ^

Kilauea ^

LEGEND

Glover

Puna RockPTABolton

Quarry

Mars Analogue 
Site **Haiwahine

Pu’u Nene

HI-SEAS ^ Volcano



0

10

20

30

40

50

60

SiO2 % Al2O3 % MgO % Na2O % K20 % CaO % TiO2 % FeO% MnO % P2O5%

EDXRF Results for Hawaiian Basalt Aggregate Compared to 
Martian Meteorite 

Puna Rock 4A Puna Rock 4B Glover

PTA Bolton Pu'u Nene**

Haiwahine MK** HI-SEAS Hab.** Martian Basaltic Met.



0

10

20

30

40

50

60

SiO2% Al2O3% MgO% Na2O % K20 % CaO % TiO2 % FeO% MnO % P2O5%

EDXRF Results for Hawaiian Aggregate Compared to the 
Lunar Samples

Lunar Basin Ejecta Lunar Highlands Lunar Mare Puna Rock 4A

Puna Rock 4B Glover PTA Bolton

Pu'u Nene** Haiwahine MK** HI-SEAS Hab**



N
a2

O
 +

 K
2

O
%

SiO2% Grid format courtesy of Ken Hon



Kohala ^

Hualalai ^
Mauna Kea ^

Mauna Loa ^

Kīlauea ^

LEGEND

Glover

Puna RockPTABolton

Quarry

Mars Analogue 
Site **

^ Volcano



1,149 °C

1) 1,149 °C--- ~5 % Melt

2) 1,177 °C--- ~10 % Melt
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How does an abundance of olivine affect 
sinterability?



Forsterite Olivine:  

𝑀𝑔2𝑆𝑖𝑂4

Melting Point:

1,890 °C



Good 
Sinterability 

Poor 
Sinterability

Sample Name Olivine Plagioclase Pyroxene Glass

Glover (Mauna Loa^ Flow) 0 42.7 24.9 16.9

PTA (Mauna Loa^ Flow) 0 46.4 30.5 12.5

Bolton (Hualalai^) 33.6 27.1 24 10.7

Puna Rock 4A (Mauna Loa^?) 4.5 44 29.8 11.6

Puna Rock 4B (Kīlauea ^) 33.6 29.7 22.3 3.3

X-Ray Diffraction (XRD) Mineralogy Results for Hawaiian Basalt Aggregate

Needs Work^ Volcano of origin 
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Basalt Scoria



1,149 °C Bake with Analogue 
Site Scoria



Sample Name Olivine Plagioclase Pyroxene Glass
Glover 0 42.7 24.9 16.9

PTA 0 46.4 30.5 12.5

Bolton 33.6 27.1 24 10.7

Puna Rock 4A 4.5 44 29.8 11.6

Puna Rock 4B 33.6 29.7 22.3 3.3

HI-SEAS** 3.1 27.4 25.1 30.2

Pu'u Nene** 0.1 37.5 7.9 51.2

Haiwahine MK** 9 43.9 11.4 25.6
L-16 Lunar Highlands 10 14.2 57.3 16.7

A-16 Lunar Mare 3.9 69.1 8.5 18

A-14 Lunar Basin Ejecta 6.7 31.8 31.9 27.6

X-Ray Diffraction (XRD) Mineralogy Results Combined Best
Needs
Work

Possibly
Sinterable
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Sinterability 
Conclusions 

Too much olivine and little glass does 
not sinter well due to olivine's high 
melting temperature.

Low olivine and high glass content 
drives the sintering temperature 
down, because glass readily melts.

Haiwahine MK results show that 
some olivine and a lot of glass sinters 
well.  Although more work is needed.



Moving Forward

Mixing high olivine 
regolith’s with a higher 
percentage of glass to 

investigate if glass acts as an 
adhesive between olivine 
and other regolith grains.

Thin section analysis 
(compare & contrast).

The effects of grain size on 
sinterability and texture.

Compressional and flexural 
testing for 1,177 °C tiles.

Thermal conductivity, heat 
capacity & thermal shock 
testing for 1,177 °C tiles.

Lava layering and the effects 
that may have on mining 

regolith.
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