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Executive Summary

The Mars Society Australiads Spawt#théNASAd Bound A
Spaceward Bourigh July 20@ undertook @& Pl anet ary and s p dkaoold, ci enc e
Marreeand Reedy Springstnh e Sout h Australian desert. The t|
evolution of | iTwentyseuemplanetary ssiemtists, geolagigts, teachmi® and

engineers from the US and Australia participated in the expedition.

The SBA 2009 expedition aim was in two parts:
e The first, was to undertake field saui ence s
solar system; and,

e The second, was to invite teachers stadentgrom the US and Australia to participate and
work undertaking practical field science with the scientistsely involved in recent space
exploration missions to the Moon Mars arithn.

Science work included:

e Trialling Infrared Sensors
Advancing Teacher 0 HanldsandQCabdatofyci ence Skill s
|l denti fying Mars anal ogues ;for the OMars Sc
Testing for biomass idlay minerals deposits adjatémhaematiterich ironstones;
Thestudyof hydrologic systemas aranalogie to similar systems on Maas a way o finding
possible locations for life on Mars;
Searching for 6Desert Crusté and cyanobacte
e Biomineralization by microbes and the traces they leave behind as possible indigadstdife

on Mars; and
e Distinguishng actual fossils from inorganic structures

Prior to the expedition, participatingachers reapapers orthe principleof 6 f o Ithé veater
0 b a c k g r o over@matn preparatign sessiofifiey discussed the papers introducing teachers to a
research culture, applying their subject knowledge to the background reading

During the expeditionpecific new experimental skills undekien by teachers included: general field
observation work, sampling, measuring datsitn, analysing hot spring systems, DNA extractions and
sterile plate productions in the laboratandthermographic techniqueBeachers also patrticipated in
numerous gcussions to translate geskills to gudents.

Finally the expedition cost, starting and finishing in Adelaide,$28s340averaging $865 per person
The costsvere shared proportionally between the Mars Society Australia and NASA Spacewatd Boun
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1.0Introduction

Spaceward Bound Australia (SBify)collaboration witrdNASA Spaceward Bourdih July 20®

undetookad Pl anet ar y aexmbditisnSBA20091® thd Seuthddestialian desert visiting
locations at Arkaroola, Maree and Reedy Springsgth of the Flinders Ranges in South Australiee
theme of the expeditiam wad allandegy seesisdpgedlogistsn o f
teachers and engineers frora thS and Australia participatedthe expedition

06Spaceward Bound Australiad iwvdthamsthaainaignoentby t h
with NASA Spaceward@ound NASA Spaceward Bound is an educational program organized at

NASA Ames Research Centre in partnership with the Mars Society (US) and funded by the
OExpedition Systems Mission Directorate6 at N

The focus of Spaceward Bound istigpire andtrain 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, aridcore of the desert. The teachers have returned to the classroom inspired and trained with
NASAOGs Spaceward Bound [Studentestudyinginsshodltedayg e cur r
according to the time frame behi hdonBASAays wel
the opportunity to become the next generation of Moon and Mars explorers.

SBA expeditionsundertaken prior to expedition SBA 208@:
e In 2007 two Australian teachepgarticipated in a NAS/Apaceward Bound expedititmthe
Mojave Desrt, Californig and,

e In 2008,a smallexpedition to Arkaroola and Woomera lead by SBA included two
teacherfeducatoranda NASA representative

Finally plans for2010are
e The aganisingof three Australian teachers to participatea NASASpacewardound
expeditionto the Mojave Desefalifornia in March

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

e Undertake a reconnaissance expedition t&ihararegionwith some Australia and US
Scientistsas a lead up to a majpaceward Bounelxpeditionto the region in 201l1and,

e Teacher participation program at the ANU ion enggtieand similar engineerigbs in theJS.
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2.0Expedition Aim and Program

TheSBA 2009expeditionaim wasin two parts:

e The frst, wasto undertakdields ci ence supporting research i
solar systemand,

e The £condwasto invite teachers arstudentdrom the US and Australia to participated
work undertaking praatal field scienceavith the scientistslosely involved in recent space
exploration missions to the Moon Mars aritan. Teachersand studentsad aran opportunity
for addiional training and inspiratiowhich,as part of the NSA Spaceward Bound program
wasintended to bpassed on intschoolclassrooms

Expedition science actiTheScti encer &dcdi yctutsesd. i

The expeditioriook placefrom theSth to 16th July2009starting and finishing in Adelaide

nt

n

However teachers hdmtenundertakinggon | i ned training from NASA S

coordinator, Dr Liza Coe in preparation to work with the scientists on the expetitisnvork is
di scussed HEducatibnfOatcomesct i on 06

Finally Table 1lists the progranconpletedcoveringplacesvisited the travel times and science
activities A map of the region showing the locations is attached in the appendix

3.0The Expedition Team

The expedition team scientists and teachers from the US and Australia numberqaevith one
another providing post expedition science support.

In summary:
e There were 12 US participants from 6 sceinstitutions and 2 schools; and,

e There were 15 Australians including@entistsy teachers and 5 support staff.

The participantgheir affiliation, work and expedition roles distedin Table 2.
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Tablel:Program

&

Mars Society Australia

Day Primary Activity Travel Work Undertaken
Distance
and time
Day 1, Meet in Adelaide at: Team is gathers;
Thursday | Mantra Hindmarsh Square
9th July 55-67 Hindmarsh Sq, Adelide, SA 5000 Vehicles are collected;
Ph 618 8412 3333
hindmarsh.re@ mantra.com.au Science laboratory equipment collected from Uni SA
Pick up vehicles
Day 2, Travel from Actlaide to Arkaroola village 659 kM Team travels all day to Arkaroola.
Friday Ph:61 88648 4848 9 hrs 21 min
10th July | res@arkaroola.com.au
Day 3, Science activities around Arkaroola 40 KV Team undertakesquick survey of various scientifically interesting locations around
Saturday | Evening Presentatiormdor astronomy Arkaroola
11th July
3 presentations were given in the evening. These were:
- The LCROSS mission;
- MOL Survey of Mars poles
- MSA activities in Australia
Day 4, Science activities around Arkaroola 40 kv The team diules into groups and investigate
Sunday - Paralana Spring
12th July - Old Paralana Spring
- Black Spring
- Stubbs Waterhole
- Balcoracanna Outcrop
- Nepowie Spring
- The MarsOz site Location
Day 5, Travel from Arkaroola tolgyhtly north of Marree 283 kM The team visits a site North East of Maree. king at dry soil areas, gypsum, clay and irg
Monday along the Birdsville track 5 hours locations.
13th July

Stay at Marree Hotel

Railway Terrace Marree, South Australia, Marree
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Mars Society Australia

Australia, 5733
Ph 618 86758344

Day 6, Stay at Marree in Morning. 230 kM The team divides into groups and investigates:
Tuesday Travel from Marree to Lyndhurgt afternoon. 4hrs 40 min - Cynobacteria activity under Translucent stones;
14th July - Spread and location of Desert Crusts
Stay at Lyndhurst HoteéVotel: - Iron and clay sites;
3 Short Street, Lyndhurst, South Australia 5731
Ph 618 86757781
Lyndhurstpub@bigpond.com
Day 7, Travel from Lyndhurst to Reedy Springs 300kM The team explored the Reedy spring locatamking at water seepagedhydrologic
Wedhesday 4 hours 30 | systemdrom a natural spring in the desert
15th July | Work at Reedy Springs fate afternoon min
Travel from Reedy Springs to Lyndhurst
Day 8, Travel from Lyndhurst to Adelaide 563 kM Team travels all day to Adelaide.
Thursday | Stay at Mantra Hindmarsh Square 7 hrs 40 min
16th July
TOTAL
1965 kM
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Table 2: The Expedition Participants

&

Mars Society Australia

The USScience Team

Expedition role

Affiliation and State ofOrigin

Dr Chris McKay

NASA SpacewardBoundPrincipal & US Expedition Leader

NASA Ames(CA)

Dr Jennifer Heldmann

NASA SpacewardBoundCoordinator

NASA Ames (CA)

Dr Adrian Brown

Astrobiology ad remote sensing

Seti Instituteg(CA)

Dr Penny Boston

Geomicrobiologis

Dept of Earth & Environmental
Science New Mexico TediNM)

Shannon Rupert

Ecologist

University of New MexicdNM)

Elaine Bryant

PhD Student

San Jose State UnivergiGA)

Dave Byant

Engineerlaboratory Technician

San Jose State Universii@A)

Mike Spilde

Cave Research Scientist

Univ of New Mexico(NM)

Dr Rosalba Bonaccors

Astro-biologist

NASA Ames/ SETI institute (CA)

Jim Thompson

Cave Research Scientist

The Explorers @b (Florida)

US Teachers

Stephen Joyce

San Jose State Univers{i@A)

Luther Richardson

Columbus High SchodICA)

The Australian
Science Team

Expedition role

Affiliation

Dr Vic Gostin Geologist(retired) University of South Australia (SA
Dr Paulode Souza Physicist(Post expedition Support Only) CSIRO(TAS)
Eriita Jones PhD Student AustralianNationalUniversity

(ACT)

Reut Abramovich

PhD Student

Australian Catre for Astrobiology,
University NSW(NSW)

Australian Teachers

Mark Gargano

SBA Teacher Coordinator

St Joseph's SchofIVA)

Joanne Berriman Teacher Oatlands District High School (TAS

Jane Dobson Teacher Claremont Colleg€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

CurriculumDeveloper

Victorian Space Science Education
Centre(VIC)

Expedition Support
Staff

David Willson EngineerAustralianExpedition Leader MSA (TAS):

David Cooper Pilot/SpacewardBoundAustralia Coordinator &xpedition MSA (WA):
Safety Officer

Maureen Cooper Information manageExpeditionPrincipal Cook MSA (WA)

Nina Stansfield Amateur AstronomeBExpedition Cook MSA (SA)

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

A summary ofscience activities undertakahthe various locatioren the expedition is

e The study obiomineralization by microbes and the traces thaydebehingt Akaroolaas
possible indicators of past life on Mars

e The study of pyllosilicates formed from the weatheringnodfic (basalts) antélsic (granites)
rocks such aas those associated witlfcreteat Arkaroola.

¢ Investigating the radioaee Paralana dt Springsusing infrared cameras at Arkaroola.

e Theinvestigation othegeologicakecord at Arkaroola including fossils. In particular
distinguishingossils from pseudiossilsformed by chemical precipitation, physical
deformation, oworm-like curved muetracks.

e The investigation aficrobial ecobgy in springs and waterholesfakaroola and Wooltana
The springs in this regiomere investigated i8004 At that time, streantsad not flowed in
seven yearsStreams flowed again for tifiest time in 2009Thesites wergevisited and water
guality and vegetation characterized.

e The investigation aficrobial diversity and identify diazotrophs (bacteria capable of fixing
atmospheric nitrogen) which are an important niche in microbial comties and critical for
nitrogen global productivityl he aimwasto compare microbial communities between sites in

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

roles.The work entaileé cultureindegpendent survey of archaeal, cyanobacterial and bacterial
16S rRNA, iifH genes and mRNA from the sampfesm all sites

e The study of thewvival of cyanobacteria under translucent desert stoessMaree
e Investigatioro f O dustireiarobioticcrust)near Marree;

e The study ohowbacterial and Archaeal communities change in the-®prm of soil due to the
availability of liquid watemat Arkaroola and Marree

e The gudy of Mars analogue hydrologic systeaiReedy Springand making comparissno
potential groundwater discharge siteathave been identified on Mamand,

e The identification omars analoges forthedarsScienceLa b o r dahding sjtedcandidates,
and test hypotheses on preservation of organics/ total/viable and Graiverlggatass in clay
minerals depositadjacent tohematiterich materials/ironstones. These objectwssl ATP
luminometry and LAL (Lymulus AmeboeitLysate) assays in the field at all sites
The results will be compared to desert regions sudRiaslintoin Spain Atacaman
Chile, Death Valleyin Californig and the California coast

The details of the science aiwfghe individual scientists alisted in the Appendix

Mars Society Australia Inc, P. O. Box 327 CLIFTON HILL
3068 ABN - 32609695 701 http://mwww.marssociety.org.au/




Spaceward Bound Australia 2009:

Expedition to Arkaroola and Sturts Stony Desert northeflinders Rangers.

Expedition Report Mars Society Australia
IssuedViarch2009

In addition CSIRO have tak&xpeditionsamples andrecharacterisinghe mneralogyand chemistry
incorporatingnstrumentshat areto by carried by th2011 Mars Science Laboratory rov€éhe tests
include:

- Laserinduced breakdown spectroscopy (LIBS),
- X-ray diffraction (XRD),

- X-ray fluorescence (XRF),

- Infrared specbscqy, and,

- Mossbauer spectroscopy.

The tests arstill in progress.

The following pictures show some of thepeditionscience work thah particularwork that connects
the teachers to thgractical hands on science

Trialling Infrared Sensors:

Teachers investigatd®hralan&pringusing infrared cameras at Arkaroola. The two pictures above are
of Paralana Sprinfjom an aircraft. The picture on tleft was made by ainfrared camera and on the
righta standard camera. At the time of thetpleteacher measured the temperature of the spring to
assist in calibrating the infrarg@thota

Advancing Teacherdé H a n d&Sciece Skills:

At Arkaroola and Marreeeticherand scientistgvestigatingas to how bacterial and Archaeal
communitiechange in the top-8 cm of soil due to the availability of liquid water. The teachers were
exposed to a range 6fh a n dsamplmgand laboratory techniques.
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Identifying Mars analogues fot h MarsiScienceLa b o r at o raryd destingdov lomass in
clay minerals depositsadjacent tohaematite-rich ironstones.
P -.uc'.'uif el B

o
L - -
P".u-«

Samplegakenfrom Arkaroola weranalyzed for bulk organics and organic compounds in the lab. The
main objectie wago test for the preservation of organics and habitabilitgrgiai of clay mineralsich
adjacent toiron oxy-hydroxiderich materialsSimilar clay mineral rich sites occur on Mars. The results
were compared to desert sites in Spain, Chile and California.

Near Marreegypsumrich sals werefoundwith very sparse dark rocks or mangs&/ironstone crusts
These rocks appear to be formed froreraltally precipitated minerais association with crsized
gypsum crystals.

The black rocks are externally weathered and with severatijaoidl ed with friable to indurate
haematite(dusky red) and goethite (bright yellow/orange) mineMlseral samples from some of these
cavitieswere takero determine for furthers comparison of ttgeamnegative like microbial biomass
vs. that of the surtmdingsurface soils
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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, heReedySpringponds aedtflowscontain fluids rich

beri esdo were found s indissolvediron, and complex mixtures of salts

the recent Mare Exploration Rovers mission ¢ (including possibly Mg sul@ites) and iron sulphate

the Mars MeridianPlanumsite. crystallizing surface environments surrounding th
ponds and the drainage networks.

The site compares to groundwater discharge site
that have been identified on Mars

Searching for O6Desert Cr us trabslueentdesertgtanesobact er i a

Looking for oO0Desert Ctl Cyanobacterigthe green material)ndera
translucent desemck nearMarree
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