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Introduction: Since 2014, the Natural History Mu-

seum (NHM) has been the key contractor to the Euro-

pean Space Agency (ESA) for defining and initiating 

the development of a sample analogue collection 

(ESA2C) in support of the Robotic Exploration mis-

sion preparation programme [1].  

A summary of the chemical and mineralogical la-

boratory test results are presented. The testing was car-

ried out as part of the ‘Analogue Acquisition and Char-

acterization’ phase of work. This included sourcing of 

the relevant materials from commercial suppliers in 

adequate quantity and the subsequent chemical, miner-

alogical and physical/mechanical test work for verify-

ing the materials’ suitability as relevant analogues. The 

X-ray diffraction (XRD), inductively coupled plasma 

(ICP), scanning electron microscopy (SEM), electron 

probe micro-analysis (EPMA) and micro-computed 

tomography (micro-CT) 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 [2]. 

Sample Analogues: In total, 11 analogue samples 

were acquired from commercial suppliers from within 

the UK (Figures 1-2). The basalts were purchased from 

Robinson Quarry Masters Ltd based in County Antrim, 

Northern Ireland, where Paleogene basalts of the An-

trim Lava Group are blasted at Craigs Quarry for con-

struction aggregate. The clays/bentonites were pur-

chased from UK-based Macromin Kentish Minerals. 

The bentonites were processed in Cyprus and MKM’s 

own facility, the sepiolite is produced in Spain and the 

attapulgite in Senegal. Datasheets were provided by the 

suppliers for most of the materials and were used as a 

comparison for the results. 

Chemistry: XRD Analysis – Samples were milled 

to <75μm powders and were analyzed for their bulk 

mineralogy using a PANalytical X'Pert Pro diffractom-

eter, at 45 kV and 40 mA. Quantification results (de-

rived from ‘pattern stripping’ for the clays) unsurpris-

ingly show that the bentonites are composed of >90-95 

wt. % smectite-group minerals with various minor 

phases such as quartz and calcite; and the sepiolite and 

attapulgite are >90-95 wt. % palygorskite-sepiolite 

group and smectite group minerals. The basalt quanti-

fication results (using the ‘Rietveld Method’) show a 

dominance of plagioclase feldspar minerals (66 wt.%) 

for all samples and lesser amounts of olivine (15 

wt.%), pyroxene (16 wt.%) and clay (4 wt.%). 

ICP-AES/MS Analyses – Major elements were as-

sessed using a Thermo scientific iCAP 6500 duo ICP-

AES and trace elements using an Agilent 7700x ICP-

MS.  

 
Figure 1. Basalt aggregate samples. A. 3mm and down quarry dust 

B. 6mm aggregate C. 10mm aggregate D. 19mm aggregate 

 

 
Figure 2. Clay samples. A. KM2 Bentonite Powder B. KMA Benton-

ite Powder C. KMSR Bentonite Powder D. KM Bentonite Granules 

E. Sepiolite Granules F. Attapulgite Granules 

 

Martian Regolith Analogue: Comparing the total 

alkali-silica (TAS) results (Figure 3), the basalt ana-

logues are verified as a suitable Martian analogue, 

based on composition, since the data sit within the 

same region of the graph as the Gusev data. Martian 

regolith is typically richer in Fe, K, Mn and P but de-

pleted in Al compared with the terrestrial basalt ana-

logues. Al is higher in the terrestrial samples but for the 

other elements the abundances are very similar.  In 
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comparison with the compositions of the analogue 

clays, Martian regolith is richer in Ca, Fe and Mg; sim-

ilar in terms of K, Mn, Na and Si; and poorer in Al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 TAS diagram showing the composition of basalt analogue 

products from Craigs Quarry (orange dots) compared with Martian 

meteorite and robotic exploration data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Major element data from ICP-AES analyses of the basalt 

(Fig. 4a) and clay/bentonite samples (Fig. 4b) in the ESA2C. 

 

Mineralogy: Analytical SEM and EPMA Analyses 

These techniques were using to determine the primary 

mineral phases compositions for the basalts by points 

analysis. Secondary phases included ilmenite and mi-

nor clays. BSE images and element maps were also 

done to provide overviews of the phases present. The 

IAC’s Zeiss EVO 15LS SEM and Cameca SX100 

EPMA Instrument were used. Mineral compositions 

are olivine Fo54-60, pyroxene En36-39Wo44-46, feldspar 

Ab35-46Or1-2An52-64. 

 

Lunar Regolith Analogue: The basalt analogue 

samples as acquired from Craigs Quarry in Northern 

Ireland are mineralogically and compositionally classi-

fied as basalts and are reasonable chemical analogues 

for lunar samples. In comparison with the most widely 

used lunar analogue, NASA’s JSC-1A, the Craigs 

Quarry basalts are compositionally very similar to this 

analogue material. 

 
Figure 4. Compositions of basalts from Craigs Quarry with JSC-1A 

lunar analogue and very low-Ti basalts from the Moon (Luna 24). 

Note that the NI basalt average is calculated using all data collected 

from the gabion stones, 19 mm, 10 mm and 6 mm aggregates. 

 

Phobos, Deimos and C-type Asteroids - Analogue 

Regolith: CI and CM carbonaceous chondrites are seen 

to be the most compositionally similar to the surfaces 

of Phobos, Deimos and C-type asteroids and are com-

posed of between ~75 % and ~90% phyllosilicates of 

different types e.g. serpentine, cronsdedtite and sapo-

nite. The clay analogue samples are reasonable chemi-

cal and mineralogical analogues for the major chemical 

and mineral phases as expected for the surfaces of 

Phobos, Deimos and C-type asteroids. The addition of 

up to ~25 % of a basaltic component could satisfy the 

need for olivine and pyroxene but will add a small 

amount of mineral phases that are not seen in CI and 

CM chondrites. 
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