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      Introduction: The January 2010 International Lu-
nar Surface Operation - In-Situ Resource Utilization 
Analogue Test (ILSO-ISRU) [1] on the Mauna Kea 
volcano in Hawai’i was coordinated by the Northern 
Centre for Advanced Technology (NORCAT) in col-
laboration with the Canadian Space Agency (CSA), 
the German Aerospace Center (DLR), and the National 
Aeronautics and Space Administration (NASA), 
through the PISCES program. Several instruments 
were tested as reference candidates for future analogue 
testing at the new field test site for lunar missions, at 
the Mauna Kea volcano in Hawai’i. The fine-grained, 
volcanic nature of the material is a suitable lunar ana-
logue, and can be used to test excavation, site prepara-
tion, and resource utilization techniques. The location 
Pu'u Hiwahine, a cinder cone located below the sum-
mit of Mauna Kea (19°45'39.29" N, 155°28'14.56" W) 
at an elevation of ~2800 m,  provides a large number 
of slopes, rock avalanches, etc. to perform mobility 
tests, site preparation or resource prospecting. Besides 
hardware testing of technologies and systems related to 
resource identification, also in situ science measure-
ments played a significant role in integration of lunar 
ISRU and science instruments.  
 

 
 
Fig. 1: The ISRU test location at Mauna Kea, Hawai’i 
 
   The Mössbauer spectrometers MIMOS II and 
MIMOS IIA: The Miniaturised Mössbauer Spec-
trometers MIMOSII and MIMOS IIA are contact in-
strument for placement on rock or soil samples (no 
sample preparation). MIMOS II instruments are on 

board the two NASA MER rovers on the surface of 
planet Mars since January2004 and still functional 
after more than 7 years [2–5], and will be on board the 
Russian 2011 Phobos-Grunt mission. An advanced 
Mössbauer instrument MIMOS IIA has been devel-
oped for future ESA and NASA rover missions. Major 
improvements are the simultaneous acquisition of 
Mössbauer (MB) and XRF spectra, with highest en-
ergy resolution in the XRF mode allowing very precise 
determination of elemental composition [6-7]. MIMOS 
IIA is using newly designed Si-Drift detectors (SDD) 
with circular geometry [6,7].  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: (left) MIMOS IIA sensorhead with one of the 
four SDD quarters of the new ring detector and double 
preamplifier. Dimensions of the sensorhead are nearly 
identical to MIMOS II. (right) MIMOS IIA sensorhead 
with cover and very thin but light-tight x-ray window.  
 
     The active area per SDD segment is 2x45 mm2. Fig. 
2 shows the MIMOS IIA sensorhead without cover, 
equipped with  one of the four SDD segments. The 
energy resolution at 5.9 keV is < 280 eV at room tem-
perature and 131 eV FWHM at –40oC, resulting in an 
significant increase of the signal to noise ratio (SNR) 
and reduction of the integration time of Mössbauer 
measurements by a factor up to 10. 
   In addition to the Mössbauer analysis simultaneous 
acquisition of the X-ray fluorescence spectrum pro-
vides data on the sample's elemental composition [7]. 
At room temperature and normal pressure the detection 
of X-rays down to ~1 keV is possible.  
   During the ISRU field test the instruments MIMOS 
II and MIMOS IIA were mounted on the robotic arm 
of the NORCAT rover system (see Fig. 3).  Fig. 4 
shows XRF spectra obtained in-situ with MIMOS IIA 
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for three different samples at the test site. The dark soil 
sample and the Massive Basalt sample clearly contain 
significant amounts of Ca and Ti (peaks between 3 
keV and 5 keV) besides Fe (~ 6.4 keV). The sample 
Olivine Xenolith does not contain Ca and Ti (as ex-
pected). 
 

 
 
Fig. 3: Combined Mössbauer/XRF-MIMOS IIA 
mounted on the robotic arm of the NORCAR rover. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: XRF spectra taken with the MIMOS IIA in-
strument for three ISRU samples.  Measuremtns were 
done in situ using the robotic arm of the NORCAT 
rover for deployment. The temperature during acquisi-
tion was about +5 C. Between 3 keV and 5 keV the Ca 
and Ti peaks are visible, and at 6.4 keV the Fe peak. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5.a: 6.4 keV and 14.4 keV Mössbauer spectrum 
taken with the MIMOS IIA instrument for the Dark 
Soil sample (see also Fig.4).  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.b: 6.4 keV and 14.4 keV Mössbauer spectrum 
taken with the MIMOS IIA instrument for the Olivine-
Xenolith sample (see also Fig.4).  
 
In Fig. 5.a and 5.b the corresponding Mössbauer spec-
tra of two samples from Fig.4 are shown. The 6.4 keV 
and 14.4 keV MB data have been obtained simulta-
neously with the XRF data.  
     Summary: For the advanced Mössbauer instrument  
MIMOS IIA, the new detector technologies and elec-
tronic components increase sensitivity and perform-
ance significantly. In combination with the high en-
ergy resolution of the SDD it is possible to perform X-
ray fluorescence analysis simultaneously to Mössbauer 
spectroscopy. In addition to the Fe-mineralogy, infor-
mation on the sample's elemental composition will be 
gathered.  
     The ISRU 2010 field campaign demonstrated that 
in-situ Mössbauer spectroscopy is an effective tool for 
both science and feedstock exploration and process 
monitoring. Engineering tests showed that a compact 
nickel metal hydride battery provided sufficient power 
for over 12 hr of continuous operation for the MIMOS 
instruments. 
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