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Spaceward Bound Australia 2009: 

Expedition to Arkaroola and Sturts Stony Desert North of the Flinders Rangers. 

Expedition Report 
 

Executive Summary 
 

The Mars Society Australiaôs Spaceward Bound Australia (SBA) in collaboration with óNASA 

Spaceward Boundô in July 2009 undertook a óPlanetary and space scienceô expedition, to Arkaroola, 

Marree and Reedy Springs in the South Australian desert. The theme of the expedition was óThe 

evolution of life in our solar systemô. Twenty seven planetary scientists, geologists, teachers and 

engineers from the US and Australia participated in the expedition. 

 

The SBA 2009 expedition aim was in two parts: 

 The first, was to undertake field science supporting research into óthe evolution of lifeô in our 

solar system; and, 

 

 The second, was to invite teachers and students from the US and Australia to participate and 

work undertaking practical field science with the scientists closely involved in recent space 

exploration missions to the Moon Mars and Titan.  

 

Science work included: 

 Trialling Infrared Sensors;  

 Advancing Teacher óHands Onô Science Skills in the fields and Laboratory; 

 Identifying Mars analogues for the óMars Science Laboratoryô rover; 

  Testing for biomass in clay minerals deposits adjacent to haematite-rich ironstones; 

 The study of hydrologic systems as an analogue to similar systems on Mars as a way o finding 

possible locations for life on Mars; 

 Searching for óDesert Crustô and cyanobacteria living under a translucent desert stones;  

 Biomineralization by microbes and the traces they leave behind as possible indicators of past life 

on Mars; and 

 Distinguishing actual fossils from inorganic structures; 

 

Prior to the expedition, participating  teachers read papers on the principles of ófollow the water 

ôbackground theory over 6 main preparation sessions. They discussed the papers introducing teachers to a 

research culture, applying their subject knowledge to the background reading. 

 

During the expedition specific new experimental skills undertaken by teachers included: general field 

observation work, sampling, measuring data in-situ, analysing hot spring systems, DNA extractions and 

sterile plate productions in the laboratory and thermographic techniques. Teachers also participated in 

numerous discussions to translate these skills to students. 

 

Finally the expedition cost, starting and finishing in Adelaide, was $23,340 averaging $865 per person. 

The costs were shared proportionally between the Mars Society Australia and NASA Spaceward Bound.
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1.0 Introduction  

Spaceward Bound Australia (SBA) in collaboration with óNASA Spaceward Boundô in July 2009 

undertook a óPlanetary and space scienceô expedition, SBA 2009, to the South Australian desert visiting 

locations at Arkaroola, Maree and Reedy Springs, north of the Flinders Ranges in South Australia. The 

theme of the expedition was óThe evolution of life in our solar systemô. Planetary scientists, geologists, 

teachers and engineers from the US and Australia participated in the expedition. 

 

óSpaceward Bound Australiaô is organized by the Mars Society Australia with aims that are in alignment 

with NASA Spaceward Bound. NASA Spaceward Bound is an educational program organized at 

NASA Ames Research Centre in partnership with the Mars Society (US) and funded by the 

óExpedition Systems Mission Directorateô at NASA headquarters. 

 

The focus of Spaceward Bound is to inspire and train the next generation of space explorers by 

having students and teachers participate with scientists in the exploration of scientifically interesting 

but remote and extreme environments on Earth as analogues for human exploration of the Moon 

and Mars. 2006 was the first year of the program. 

 

For example, the first Spaceward Bound expedition led a group of US and Chilean teachers to the 

Atacama Desert in Chile to work alongside NASA field scientists to explore the limits of life in the 

dry, arid core of the desert. The teachers have returned to the classroom inspired and trained with 

NASAôs Spaceward Bound planetary science curriculum. Students studying in school today, 

according to the time frame behind NASAô s current óVision for Space Explorationô, may well have 

the opportunity to become the next generation of Moon and Mars explorers. 

 

SBA expeditions undertaken prior to expedition SBA 2009 are: 

 In 2007, two Australian teachers participated in a NASA Spaceward Bound expedition to the 

Mojave Desert, California; and, 

 

 In 2008, a small expedition to Arkaroola and Woomera lead by SBA included two 

teachers/educators and a NASA representative. 

 

Finally plans for 2010 are:  

 The organising of three Australian teachers to participate in a NASA Spaceward Bound 

expedition to the Mojave Desert California in March;  

 

 The organising of two Australian teachers to participate in a NASA Spaceward Bound expedition 

to Namibia in April; 

 

 Undertake a reconnaissance expedition to the Pilbara region with some Australian and US 

Scientists as a lead up to a major Spaceward Bound expedition to the region in 2011; and, 

 

 Teacher participation program at the ANU ion engine lab and similar engineering Labs in the US. 
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2.0 Expedition Aim and Program 

The SBA 2009 expedition aim was in two parts: 

 

 The first, was to undertake field science supporting research into óthe evolution of lifeô in our 

solar system; and, 

 

 The second, was to invite teachers and students from the US and Australia to participate and 

work undertaking practical field science with the scientists closely involved in recent space 

exploration missions to the Moon Mars and Titan. Teachers and students had an an opportunity 

for additional training and inspiration which, as part of the NASA Spaceward Bound program, 

was intended to be passed on into school classrooms. 

 

Expedition science activities are discussed in the section óThe Science Activitiesô. 

 

The expedition took place from the 9th to 16th July 2009 starting and finishing in Adelaide.  

However teachers had been undertaking óon lineô training from NASA Spaceward Bound education 

coordinator, Dr Liza Coe in preparation to work with the scientists on the expedition. This work is 

discussed in the section óEducation Outcomes. 

 

Finally Table 1 lists the program completed covering places visited, the travel times and science 

activities.  A map of the region showing the locations is attached in the appendix. 

 

 

3.0 The Expedition Team 

The expedition team scientists and teachers from the US and Australia numbered 27 people with one 

another providing post expedition science support. 

 

In summary: 

 There were 12 US participants from 6 science institutions and 2 schools; and, 

 

 There were 15 Australians including 3 scientists, 7 teachers and 5 support staff. 

 

The participants, their affiliation, work and expedition roles are listed in Table 2. 
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Table1:Program 
Day 

 

Primary Activity  Travel 

Distance 

and time 

Work Undertaken 

Day 1,  

Thursday 

9th July 

Meet in Adelaide at: 

Mantra Hindmarsh Square 

55-67 Hindmarsh Sq, Adelaide, SA 5000  

Ph 61 8 8412 3333 

hindmarsh.res@mantra.com.au 

 

Pick up vehicles 

 

 

 

Team is gathers; 

 

Vehicles are collected; 

 

Science laboratory equipment collected from Uni SA 

Day 2,  

Friday 

10th July 

 

Travel from Adelaide to Arkaroola village 

Ph:61 8 8648 4848 

res@arkaroola.com.au 

659 kM 

9 hrs 21 min 

 

Team travels all day to Arkaroola. 

Day 3,  

Saturday 

11th July 

Science activities around Arkaroola 

Evening Presentations and/or astronomy 

 

40 kM 

 

Team undertakes a quick survey of various scientifically interesting locations around 

Arkaroola 

 

3 presentations were given in the evening. These were: 

- The LCROSS mission; 

- MOL Survey of Mars poles 

- MSA activities in Australia  

 

Day 4,  

Sunday 

12th July 

Science activities around Arkaroola 

 

40 kM 

 

The team divides into groups and investigate: 

- Paralana Spring 

- Old Paralana Spring 

- Black Spring 

- Stubbs Waterhole 

- Balcoracanna Outcrop 

- Nepowie Spring 

- The Mars-Oz site Location 

 

Day 5,  

Monday 

13th July 

Travel from Arkaroola to slightly north of Marree 

along the Birdsville track. 

 

Stay at Marree Hotel 

Railway Terrace Marree, South Australia, Marree, 

283 kM  

5 hours 

The team visits a site North East of Maree. Looking at dry soil areas, gypsum, clay and iron 

locations. 

mailto:h@mantra.com.au
mailto:res@arkaroola.com.au
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Australia, 5733 

Ph  61 8 8675-8344 

 

Day 6,  

Tuesday 

14th July 

Stay at Marree in Morning. 

Travel from Marree to Lyndhurst in afternoon. 

 

Stay at Lyndhurst Hotel-Motel: 

3 Short Street, Lyndhurst, South Australia 5731 

Ph 61 8 86757781 

Lyndhurstpub@bigpond.com 

 

230 kM 

4hrs 40 min 

The team divides into groups and investigates: 

- Cynobacteria activity under Translucent stones; 

- Spread and location of Desert Crusts 

- Iron and clay sites; 

Day 7,  

Wednesday 

15th July 

Travel from Lyndhurst to Reedy Springs  

 

Work at Reedy Springs to late afternoon 

 

Travel from Reedy Springs to Lyndhurst 

 

300 kM 

4 hours 30 

min 

 

 

The team explored the Reedy spring location looking at water seepage and hydrologic 

systems from a natural spring in the desert. 

Day 8,  

Thursday 

16th July 

Travel from Lyndhurst to Adelaide 

Stay at Mantra Hindmarsh Square 

 

563 kM 

7 hrs 40 min 

Team travels all day to Adelaide. 

  TOTAL  
1965 kM 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:Lyndhurstpub@bigpond.com
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Table 2: The Expedition Participants 
The US Science Team 

 

Expedition role Affiliation  and State of Origin  

Dr Chris McKay NASA Spaceward Bound Principal & US Expedition Leader  NASA Ames (CA) 

Dr Jennifer Heldmann NASA Spaceward Bound Coordinator  NASA Ames (CA) 

Dr Adrian Brown Astrobiology and remote sensing  Seti Institute (CA) 

Dr Penny Boston Geomicrobiologist  Dept of Earth & Environmental 

Science New Mexico Tech (NM) 

Shannon Rupert Ecologist  University of New Mexico (NM) 

Elaine Bryant PhD Student  San Jose State University(CA) 

Dave Bryant Engineer/Laboratory Technician  San Jose State University (CA) 

Mike Spilde Cave Research Scientist  Univ of New Mexico (NM) 

Dr Rosalba Bonaccorsi Astro-biologist  NASA Ames/ SETI institute (CA) 

Jim Thompson Cave Research Scientist  The Explorers Club (Florida) 

   

US Teachers   

Stephen Joyce San Jose State University (CA)  

Luther Richardson Columbus High School (CA)  

   

The Australian 

Science Team 

Expedition role Affiliation  

Dr Vic Gostin Geologist (retired)  University of South Australia (SA) 

Dr Paulo de Souza Physicist (Post expedition Support Only) CSIRO (TAS) 

Eriita Jones PhD Student  Australian National University 

(ACT) 

Reut Abramovich PhD Student  Australian Centre for Astrobiology, 

University NSW (NSW) 

   

Australian Teachers 

 

  

Mark Gargano SBA Teacher Coordinator St Joseph's School (WA)   

Joanne Berriman Teacher Oatlands District High School (TAS) 

Jane Dobson Teacher Claremont College (TAS) 

Liz Ryan Teacher Campania District High School 

(TAS) 

Nicolette Burraston Teacher Armidale School (NSW) 

Keith Treschman Teacher Brisbane Girls Grammar School 

(Queensland) 

Naomi Mathers Curriculum Developer  Victorian Space Science Education 

Centre (VIC) 

   

Expedition Support 

Staff 

  

David Willson Engineer/Australian Expedition Leader  MSA (TAS): 

David Cooper Pilot/Spaceward Bound Australia Coordinator & Expedition 

Safety Officer  

MSA (WA): 

Maureen Cooper Information manager/Expedition Principal Cook  MSA (WA) 

Nina Stansfield Amateur Astronomer/Expedition Cook  MSA (SA) 

Guy Murphy Architect Historian/ Author/Expedition Media & IT  Coordinator MSA (VIC), 
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4.0 The Science Activities 

A summary of science activities undertaken at the various locations on the expedition is: 

 

 The study of biomineralization by microbes and the traces they leave behind at Akaroola as 

possible indicators of past life on Mars; 

 

 The study of phyllosilicates formed from the weathering of mafic (basalts) and felsic (granites) 

rocks such as as those associated with silcrete at Arkaroola. 

 

 Investigating the radioactive Paralana Hot Springs using infrared cameras at Arkaroola. 

 

 The investigation of the geological record at Arkaroola including fossils. In particular 

distinguishing fossils from pseudo-fossils formed by chemical precipitation, physical 

deformation, or worm-like curved mud-cracks. 

 

 The investigation of microbial ecology in springs and waterholes at Arkaroola and Wooltana. 

The springs in this region were investigated in 2004. At that time, streams had not flowed in 

seven years. Streams flowed again for the first time in 2009. The sites were revisited and water 

quality and vegetation characterized. 

 

 The investigation of microbial diversity and identify diazotrophs (bacteria capable of fixing 

atmospheric nitrogen) which are an important niche in microbial communities and critical for 

nitrogen global productivity. The aim was to compare microbial communities between sites in 

order to highlight common bacteria in this unique area and ascertain, if possible, their ecological 

roles. The work entailed a culture-independent survey of archaeal, cyanobacterial and bacterial 

16S rRNA, nifH genes and mRNA from the samples from all sites. 

 

 The study of the survival of cyanobacteria under translucent desert stones near Marree;  

 

 Investigation of ódesert crustô (microbiotic crust) near Marree; 

 

 The study of how bacterial and Archaeal communities change in the top 7-8 cm of soil due to the 

availability of liquid water at Arkaroola and Marree; 

 

 The study of Mars analogue hydrologic systems at Reedy Springs and making comparisons to 

potential groundwater discharge sites that have been identified on Mars; and, 

 

 The identification of mars analogues for the óMars Science Laboratoryô landing site candidates, 

and test hypotheses on preservation of organics/ total/viable and Gram negative biomass in clay 

minerals deposits adjacent to. hematite-rich materials/ironstones. These objectives used ATP 

luminometry and LAL (Lymulus Amebocite Lysate) assays in the field at all sites. 

The results will be compared to desert regions such as, Rio Tinto in Spain, Atacama in 

Chile, Death Valley in California, and the California coast. 

 

The details of the science aims of the individual scientists are listed in the Appendix. 
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In addition CSIRO have taken expedition samples and are characterising the mineralogy and chemistry 

incorporating instruments that are to by carried by the 2011 Mars Science Laboratory rover. The tests 

include: 

 

- Laser-induced breakdown spectroscopy (LIBS),  

- X-ray diffraction (XRD),  

- X-ray fluorescence (XRF),  

- Infrared spectroscopy, and, 

- Mossbauer spectroscopy.  

 

The tests are still in progress. 

 

The following pictures show some of the expedition science work that in particular work that connects 

the teachers to the practical hands on science. 

 

Trialling Infrared Sensors: 

   
Teachers investigated Paralana Spring using infrared cameras at Arkaroola. The two pictures above are 

of Paralana Spring from an aircraft. The picture on the left was made by an infrared camera and on the 

right a standard camera. At the time of the photo a teacher measured the temperature of the spring to 

assist in calibrating the infrared photo. 
 

Advancing Teacher óHands Onô Science Skills: 

  
At Arkaroola and Marree, teachers and scientists investigating as to how bacterial and Archaeal 

communities change in the top 7-8 cm of soil due to the availability of liquid water. The teachers were 

exposed to a range of óhands onô sampling and laboratory techniques. 
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Identifying Mars analogues for the óMars Science Laboratoryô rover and testing for biomass in  

clay minerals deposits adjacent to haematite-rich ironstones. 

 

 

 

 

 

 

 

 

 

 

 

 

Samples taken from Arkaroola were analyzed for bulk organics and organic compounds in the lab. The 

main objective was to test for the preservation of organics and habitability potential of clay minerals-rich 

adjacent to. iron oxy-hydroxide-rich materials. Similar clay mineral rich sites occur on Mars. The results 

were compared to desert sites in Spain, Chile and California. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Near Marree, gypsum-rich soils were found with very sparse dark rocks or manganese/ironstone crusts. 

These rocks appear to be formed from chemically precipitated minerals in association with cm-sized 

gypsum crystals.  

The black rocks are externally weathered and with several geoid-like fill ed with friable to indurated 

haematite (dusky red) and goethite (bright yellow/orange) minerals. Mineral samples from some of these 

cavities were taken to determine for furthers comparison of their gram-negative like microbial biomass 

vs. that of the surrounding surface soils. 

 

 

~ 108 cell/g 
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The study of Mars analogue hydrologic systems at Reedy Springs and making comparisons to 

potential groundwater discharge sites that have been identified on Mars 

 

 

 

 

 

 

 

 

 

 

 

              

At Reedy Springs, hematite spheres ñblue 

berriesò were found similar to those observed by 

the recent Mare Exploration Rovers mission at 

the Mars Meridiani Planum site. 

 

Reedy Spring ponds and outflows contain fluids rich 

in dissolved iron, and complex mixtures of salts 

(including possibly Mg sulphates) and iron sulphates 

crystallizing surface environments surrounding the 

ponds and the drainage networks. 

 

The site compares to groundwater discharge sites 

that have been identified on Mars 

 

Searching for óDesert Crustô and cyanobacteria living under a translucent desert stones 

 
 

Looking for óDesert Crustsô near Marree. 

 

 
 

Cyanobacteria (the green material) under a 

translucent desert rock near Marree 

 

 

 

 

 

 

 

 

 

 

Figure 5A 














