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Introduction: As part of the ESA
2
C work in 2016, 

the mineralogical/chemical and physical properties of 

11 sample analogues (Table 1) were tested and charac-

terized [1,2]. A summary of the geotechnical laboratory 

test results are presented here. The testing was carried 

out as part of the ‘Analogue Acquisition and Character-

ization’ phase of work. This included sourcing of the 

relevant materials from commercial suppliers in ade-

quate quantity and the subsequent chemical, mineralog-

ical and physical/mechanical test work for verifying the 

materials’ suitability as relevant analogues. The chemi-

cal and mineralogical test work were carried out at the 

NHM’s Imaging and Analysis Centre (IAC) and the 

suite of geotechnical tests were sub-contracted out to 

the University of Portsmouth’s School of Earth and 

Environmental Sciences. 

 

Material  Grain Size (Product Datasheet) 

Basalt Rock 150-200mm Gabion Stone 

Basalt Aggregate 3mm and down quarry dust; 6mm; 

10mm; 19mm 

Clay Granules Attapulgite, Sepiolite, KM Bentonite 

Clay Powders KMA, KMSR and KM2 Bentonites 

(75%<75μm) 

Table 1. Basalt and Clay Analogue Products. 

 

Methodology: The following laboratory tests were 

carried out at the University of Portsmouth to investi-

gate the engineering properties of the sample ana-

logues: particle size distribution (PSD) by sieving 

(Figure 1); grain shape analysis (observation and de-

scription) (Figure 2); bulk density by mass-volume 

measurement; porosity by gas pycnometery; shear 

strength by small and large shearbox; uniaxial com-

pressive strength (UCS) testing (Figure 3); and Brazili-

an indirect tensile strength testing (Figure 4). The tests 

were carried out according to British Standards and 

International Society for Rock Mechanics (ISRM) sug-

gested methods. Density and porosity testing were done 

for all of the samples; grain size and shape analyses 

were done on the unconsolidated materials >75 mi-

crons; shear strength testing was carried out on all of 

the unconsolidated materials; and compressive and 

tensile strength testing were only done for the basalt 

gabion rock. Samples were tested as received apart 

from the 10mm, 19mm and gabion basalts which were 

washed and oven-dried prior to testing. There was no 

modification of the moisture content of the clay pow-

ders and granules. 

Martian Analogue Surface Rock and Regolith: 

The mean gabion basalt dry density was determined as 

2.87 Mg/m
3
 and the mean porosity as 0.63%, repre-

senting a typically intact basalt with low or no vesicu-

larity. These properties make the basalt gabion stone 

product a suitable analogue for martian surface rock, 

which is expected to be predominantly mafic volcanic. 

The UCS results shown in Figure 3 show a range of 

compressive strength behavior of the gabion, which 

would be useful for testing mission architecture such as 

drills; however, the UCS of the specific analogue may 

need to be known in advance (for example, to ascertain 

whether a drill was successful in penetrating a rock 

with UCS >200 MPa). The mean tensile strength result 

was 18.7 MPa. 

Remote sensing data suggests a wide range of mar-

tian regolith grain sizes from 1 micron to several cm 

with shear strength varying between 0-11 kPa cohesion 

and 15-42 degrees angle of internal friction. Bulk den-

sities are in the range 1-2 Mg/m
3
. The sample ana-

logues in this collection range from <63 microns to 20 

cm in grain size with cohesion between 0-20.5 kPa and 

angle of internal friction between 27.9-48.5 degrees. 

Bulk densities range between 0.7-1.9 Mg/m
3
. 

 

Lunar Analogue Regolith: Table 2 shows the ge-

otechnical test results for the 3mm and down quarry 

dust basalt aggregate compared with published Lunar 

regolith data [3]. This aggregate is the most appropri-

ate material in the collection for use as a basaltic Lunar 

analogue based on the measured physical/mechanical 

properties. 

 

Property  3mm aggregate Lunar Regolith [1] 

Grain Size D50 0.350 mm  0.070 mm   

 Dmean 0.582 mm  ~0.072 mm 

Density  1.66 -1.92 g/cm
3
 1.50 -1.74 g/cm

3
 

Porosity  32.9-41.9%  44-52% 

Cohesion  0 kPa  1 kPa 

Friction Angle 41.3˚  45˚ 

 

Table 2. Comparison of physical/mechanical properties for Lunar 

regolith and 3mm/dust basalt analogue. Note that the density and 

porosity ranges represent loose-compacted. 
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Phobos, Deimos and C-type Asteroids - Ana-

logue Regolith: Little information is known about the 

physical properties of surface regolith on these plane-

tary bodies. The vast majority of existing assumptions 

are based on remote observations and modeling. 

The surface regolith of these planetary bodies is 

thought to be composed of fine grained, particulate 

matter ranging from mm-scale to several cm-scale. 

Across the full sample analogue collection, grain size 

ranges from <63 microns to 20 cm. Thus, when using 

the analogues for testing mission architecture, sample 

mixtures can be made for creating a wide range of as-

sumed regolith PSDs. The geotechnical properties for 

sample mixtures of varying ratios of fines:coarse grains 

and basalt:clays will be characterized in future ge-

otechnical testing. 
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Figure 1 PSD graphs for the 3mm and down quarry dust basalt ag-

gregate. Approximately 20% passed the 63 micron sieve. 

 

 

 

 

 

 

 
 Figure 2. Plots of the medium/long and short/long ratios of 100 

randomly selected grains from the 10mm and 19mm basalt 

aggregates. Grains show a general trend towards having an elongate-

equant shape. Elongation ratio for 10mm aggregate = 1.61; 19mm 

aggregate = 1.44. (Elongation ratio (major to intermediate axes of a 

single grain; <1.3 = equant; >1.3 = elongate)). Note that these 

shapes have been produced from the industrial quarry aggregate 

crushing process. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3 Stress-strain plots for the 8 UCS samples tested (samples 

from the basalt gabion stone product). Samples 1, 4 and 5 had mean 

UCS 243.10 MPa representing strong, intact basalt. Lower UCS 

results were found in the other basalt samples, potentially as a result 

of quarry blast damage and/or a more phyric texture. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Load-strain curves for tensile experiments. Note that 

sample 1 was used to test a higher deformation rate. 
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