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An outlook of astrobiology exploration of Mars

Seiji SUGITA ™

* Graduate School of Frontier Sciences, University of Tokyo
5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8561, Japan

Now, many planetary bodies in our Solar System are of strong astrobiological interests, but
Mars still continues to be the most feasible planet to look for life. Mars scientific exploration has
focused on water, habitability (i.e., climate), and signs of life. This paper reviews major ques-
tions about these three issues and discuss an outlook of future Mars missions. The questions ad-
dressed in this paper are: (1) Did Mars have warm and wet climate in the past? (2) Is there
methane in the Mars atmosphere? (3) Why hasn’t organics been found on Mars? Current an-
swers based on a review of recent researches found in the literature are the following. First, we
are obtaining more and more data indicating that Mars had wet and warm climate, but the du-
ration of such climate is very unclear. One possibility is that warm and wet climate may have
been short lived (perhaps tens of years to tens of thousands of years each time) but occurred
many times during the first several hundred million years in the Mars history. Second, the re-
cent criticisms on the reports for methane discovery on Mars that they may have been errors
due to telluric *CH. absorption lines pose a serious question about these reports, although the
criticisms do not necessarily account for all the reported data. Thus, methane on Mars should be
regarded as a possibility at present and needs further investigation with much higher fidelity.
Third, the discovery of perchlorate on Mars by the Phoenix mission opened up the possibility
that organics on Mars surface may have been oxidized by O. released by perchlorate during py-
rolysis and form chlorocarbons as detected by Viking landers. This oxidation process by perchlo-
rate in pyrolysis may have been the reason why no organics have been found on Mars. Following
these progresses, Mars exploration is stepping forward to a sample return mission. Although
this will be an extremely exciting mission, it may make Mars exploration programs rather in-
flexible over the next decade or more. Thus, well-focused very small Mars probes, which can be
relatively easily launched by a nation that have not landed on Mars before, such as Japan, may
be able to make important contributions to Mars astrobiology.

Key words: Astrobiology, Mars exploration, Paleo-Martian climate, Organic detection on
Mars, MELOS
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Fig. 1 A list of proposed and executed missions for Mars. The MEAPAG key strategy
has also evolved from “Follow the water” and “Explore Habitability” to “Seek
Signs of Life” over the last two decades. The acronyms in the figures are as fol-
lows. MPF: Mars Pathfinder; MGS: Mars Global Surveyor; ODY: Mars Odys-
sey; MER: Mars Exploration Rovers (Sprit and Opportunity); MEX: Mars Ex-
press; MRO: Mars Reconnaissance Orbiter; PHX: Phoenix; MSL: Mars Science
Laboratory; MAVEN: Mars Atmosphere and Volatile EvolutioN; TGM: Mars
Trace Gas Mission; EXM: ExoMars, Max-C: Mars Astrobiology Explorer-
Cacher; NET: Mars Network Landers; MSR: Mars Sample Return Mission. The
image is modified from Mustard (2009).
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TR OEH % #D B TIT WREMEIZR £ 9 T
H5bo
FOKBHEEOEBEOHR TR Z TEKE LiREIG
220H 5, BEWKBED /8T Ky 7 ZOREIHI L 7
WIZ L EKRBEREBICABRM B EOD L2V ETH
b0 EHIZ, oML TRERKITHED
CH MR ENIZZ ENKEDT A dunNS Fudy—
BWEOF T TICRELZREEEZ5 2 Twd, AFT
X, INH3ODFEMBEICELEZ UM TTKEDEKE
REB L OERYOBEEOBIREZ T L0, Thalhs
A TEBOKRETEREIIOVWTREEIT)

2. KEDREDFRHEICKAEDKIZFZNTL
=Dh?

KA O REME ARG S M- BRIE, Mariner 9
TR BINIRBE DR TH - 720 T DHRD Vi-
king I EI#%IZ & 2 FEMl 2 K E R OWRABLINIC X >
ThkA 27 A 7OMNKIIE RS (Carr  and
Clow, 1981), BARDIKAFIET B IR ITIE <5 % 3
EOKEDPRFEL T BB EANCRE S b Z
L & 7% 57 (e.g,Sagan and Mullen, 1972; Pollack et
al., 1987 L2*L, oM IRMIE % M- 7= W&
B3, RGO R D7, @5\ d 4 PIOWAR L D
PEMET D L THRDFL R DI RO 5 2 h 5
72o Viking & FEFEIC X 2 KEORIEWE & KA DOW
TIZL T, KEREPIERIRILW TS 5 2 &A%
MLz bH D, RAKEZR E5IARHIE %2 B
L7zFE7250AKThsEIFRTAFHIIFAEHONE
Vo LA L, KOKIPHNKIIEEES 728§ 5501
Misv, F72, Outflow channel & FFIEI 5 E K741
NRIZ I, RIMOEREZREEIAETH S
(e.g., Carr, 2007), M FIZKAHH L LTEZOLN
TeARKRDHT D~ 7= DMERZ 12X - TR, —&
WCHE RIS A LTS E Y (eg, DI R
H, 2004), 9ZF%, Mars Reconnaissance Orbiter
(MRO) &L DL — 7 —HBlHlH» 5D, outflow
channel O S IZHER) 5 L v g RAEE 133 S
nTwi\v, F72, Viking 175X Mars Pathfinder #
TR A BE L 72 Chryse % % Acidalia 75 H11%, #%
DDE K% outflow channel A HEILIAA TV 5 HHl
WZRMIETH 525, ZOMIBIORTOE FITIZ)LH
REFRICDIZo TEREBEDEAEBILB > T b
Z &£ A2YMRO ® Compact Reconnaissance Imaging
Spectrometer for Mars (CRISM) (2 X % E7R4V S5

SGEHA SHBH L (Salvatore et al., 2010), 2
5OHIBAVE AR TEDODNTVWAZ L Z R RIEL T
Wb,

ZD7z, KEOKIFKEDOEE X HNIzOH)E D
PiE, BSOS ERPHELZVIRRTH o720 £
BRIZBWT, TRV HIOKERFEII 2 =T 4 —HF
KEEEOHLRETH 5 LE 272 “Follow the
water” &\ ) BRI, @M LEXIISHLb00H
FRIZHIEFIIRELREREF > Tz, ZORGERIC
o T, NS X O E o — N—12 X B KEERDS
WHMED SNAER, ZoRRIERESEDbST
&7, Bl 213, Fig. 2127779 & 9 12, Mars Exploration
Rover (MER) &l ® Spirit @ —/N— 3 JEHIC &N
WRHMORZEH 2 OB L2 AL TS

(Squyres et al., 2007), WAOR G, EHE
HWIZHRONDZEDHDHOD, JNEEDEAL
oK TTELZENLL, REERTEDLR
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ERTRET B, S 61T, FERAE D O DG BHRA
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5T ENEMTHHA, ZORMANEIE—E DK
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KT HEROT DD M) L T E R, &
HIM OWRO KD EZ R RIET 5, 25T, W
it & ALK OB R O R AR R B > Td =M
WEEFER SN (Di Achille and Hynek, 2010), ‘X
AD4E D O E 5 2 ERI D> THTH -
723 A (Head et al., 1999) % X5 S5 %
o Twd, LAL, EKOBEIIEREIREDHS D
B CKROKIBLMERTEZEI LTS REED S
D (BEKOWE-21°C FTHRENETTES), H
RHEEOTHEE LTS 3P LEEISLETH S

(AL ZWE LIEMZToMR LD 9 %), £+
oM, BELRIOEET 5RROEEICIE, WikOKD
HFAEMBEIZOWTOREL LTOHRIFV 0D, it
KTESN D 2O FBIERE DO ARIIE L 72 BEM: 13K
Vo —#EIIZIE, K% ) ORMIEIC o TR
NWRIT 2 WEBETELRVWHIETH 5D T, HARITF
FETELKO=FEROWMELES (6mb, 0°C) LLEd
FERESRYMICb > THBE L2 L 2R3 0%
DIEEOB VI EER L 7 5, REOKE, Fig. 3b
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Fig. 2 (Left) A classic trough-shaped cross bedding structure found by Spirit rover
around Home Plate in Gusev crater on Mars (Squyres et al., 2007; Pancam im-
age 2P195076279) and (right) a trough-shaped cross bedding structure on the
shore of Jogashima island in Japan. Although trough-shaped cross bedding
structures are not necessarily made by a liquid flow, the great similarity be-
tween these structures suggests that Mars once had active fluid motion near
the surface. The left image is reproduced from Squyres et al. (2007) with per-
mission from AAAS.
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Fig.3 Typical Martian craters with fluvial features. (a) Gale Crater with Day IR
mode. A 154-km-diameter crater Gale has been chosen to the landing site for
Mars Science Laboratory (MSL) mission, whose approximate landing ellipse is
shown in the figure. There are delta deposits on the crater floor, suggesting
that there was a standing water body for an extended period of time in the past
(Irwin et al., 2005). A typical delta is indicated by arrows. Image courtesy by
Christensen, P. R., N. S. Gorelick, G. L. Mehall, and K. C. Murray, THEMIS
Public Data Releases, Planetary Data System node, Arizona State University,
<http://themis-data.asu.edu>. (b) A 99-km-diameter crater (centered 19.5°S,
39.5°W) on Mars contains a number of alluvial fans. One of them is marked
with outline in the figure. There are many craters with alluvial fans in the
southern highland on Mars, suggesting that there was surface water in the
past. The image is reproduced from Moore and Howard (2005) with permission
from AGU.
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RS &9 RS KEOREEROLZ L DI L —
¥ — OEEMIZH 22> 72 (e.g., Moore and Howard,
2005), LA LERZWL=ZMMNE RSz
FEMICBIZE T 2 &, FALMRICHBIRDBEEZD DWW
¥ (stepped delta) & 7> TWALEETPL ) H
5 Z W5y oTE 72 (Kraal et al., 2008) . Stepped
delta lZ b T EHAL ORI A 7 — VTR S
52EHHY, RUMOP>6mb T>0C DR MBEER
R OMBE & VD ERICIZEEPLETH 5, T,
Mars Global Surveyor (MGS) ##4#%? Mars Orbi-
ter Camera (MOC) 2 X % WHE{RD 5T THE % >
WV bO XD HEEEOIFEF IS VR T ORI TH
5 RSN TV TS, REFEE30em 2% %
MRO #2:4#%® High Resolution Imaging Science Ex-
periment (HiRISE) # X J CTHIHI L 7245 %, HE£%£2
mdbdDOKELRAWIP PN H LTV THHEDE
WV BENZEMNHL T — A IEINT
2% (McEwen et al., 2007). 156 OHE, —#
WHEARDOKDFEHL E SN B W E W TKE RIZTARY
WZARDBHN TN ET A LDOMEL 22 Wik- T
W5, LA LERZ, R OHIEOMRIZE 3 2 3H)
LV HTRFEBNEF > TV D00, KREDHE
WEAREE S o2 L B RHT ARELE %
ZDUIFTH v, ERIIZE 21X, MPIAKE (i
Noachian') ZIZAKD K DR A S (T & DIz
RENDH o722 L 2R T LB 2D &
FoTETVEEFTZRRRCH B, 7272, ZOIREE
T S O B D W TR P Tn b,
BAENSBTED LT ERT 28R E LD 5705,
AR AL D7 I 2 FIR T & LI ST
W,

D L) B KEFEAOMERIZIAT L TRERBEDOH
FITZE DK ICAT N T E e ZOHRTIRDEHE L
Wi9e & 5 %2 % D75, Kasting (1991) 12 & % COME
BROMADOMETDH %, COMNREITEAELEIZ
Holtt LTHRAMITHIAETE 5 CODTHED |
M ASETIHSZ 6N TLE) 720, mEHRIZ
HRIZIIRE S e, D720, KRR KT
K62 T L 2BEBHEREL) NS nE, KE
ERPIZENZTLE LD CODH o728 LTH bR
HBEABEIIERTE LS R>TLEI LV HERTD

% (Fig. 4) o HIERCTRFER SN WRBED/8F Ky
7 AVKETREHEICIR I 2nE )T LTH S,
Z oYK, SO. A (e.g., Yung et al., 1997;
Halevy, 2007; Johnson et al., 2008), CO,DZEk T
(Forget and Pierrehumbert, 1997; Mischna et al.,
2000; Colaprete and Toon, 2003), CH, " A (Kasting,
1997) 7= LI X BWMERIC L o TKEDREKE
D3F Ky 7 ZOMBERHT 2RO H 5iRER)
REARRLBEIIRED L OWE ST & 72, K12 S0.
2 X 2 IRBELRI R OFHM 12DV Tid General circula-
tion model (GCM) % M\ 7ziHfli L5527 b7,
TBZ ALY S O MK RE 1 12 100~ 10004F HLAL & S50 72 A3
5, 500 mbar &2 5 COE D KFNxT L TR
BEOKBIEECHAE SN L & PR END SO (5
~200 ppm) T, 283~315K & \» 9 BRI &% %
YEZ I3 G RAMEFGONL W) RERPE LR
Tw5 (Johnson et al., 2008). Z 9 L7-Bamil& L
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Fig.4 Surface temperature as a function of surface
pressure on Mars for CO,-H.O atmospheres.
Different solar luminosities S are used for
different curves. The current solar luminos-
ity is indicated by S.. When the solar lumi-
nosity is the same as the current value or
only 10% less, a very thick CO. atmosphere
will warm Mars above the freezing point
(0°C) of water shown with the horizontal
dashed line. However, if S/8S, is 0.8 or less,
CO. will start condensing before the surface
temperature exceeds 0°C. The image is re-
produced from Tian et al. (2010) with per-
mission from Elsevier.
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Doran et al., 2004) o
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WATLC, KEXEOWHERERE,D, Th50l
ERROWEEEZ BRI L T8 AN 23N TS, f
Z13¥, Noachian #2> 5 Hesperian'\Z 227 TOHE
KBV THEBESPTKBEICR 20722 85
Noachian #£IHIZ KA A & LT SO2 KA H &
N7z 3 2FHHRE SN (Bibring et al., 2006), X
R OMIPRANTIE SODMRENIEF IR VKD -
T BEMEASHER AT I CE TV D, T2, KD
CODRD K & I K E DI LI KEIAFAE L T
Wi b, REBIESE LCEEbENS-0BED
KEDOHNFBIZ 7% ) KEIZHR> Tl hid s Lw
BT Thb, KEBEAPICIVEROP 0D, &
BREAN—TEL)E— LYY Y FHRBNTET
BELERENEVWEETH -7 (Bibring et al,
2005) 728, COIZ & 2V IRE R R O K & %255
HO1DEHZ b TE& 7z, KEOHMHIZ COAKE
WS> TW WO ThiuE, £ AFHZEmICHEL
TEVIMEERD DS, KEKAOHGRBRIZITKE
LAMEEED D 5D DD, HIRDOIE TIE Hesperian
DRI 2 H7 I ik L 72 COLit 138410~ %4100 mbar T
HHH) V) BEP N THY (e.g., Lammer et
al., 2008), FHNDOKHGE b MM OPES] &
Bo T, £0X) RIRWTH 2720, RIRE
FRABZHTICHE > T AN EREICEN LR
IR S RIS o KB RIFRE TR L
TLEW, VE=-FEY IV IFHBUNTIERRARSO» L W
OTRZVWHhEV), RRFWLOOREFTHINT
W7: (e.g., Muhkin et al., 1996), L22L, T< &k
2% > T, KEOWHEH (Ehlmann et al., 2008) X
7 L—%—phitE (Michalski and Niles, 2010) 2
B THIEE  OHUFE D FEL L TV AT KED K
IR a3 S N7z K&l bar 57D CO L V5 Td
B AT NIELkm OE A CTKEREDO2%%
BoTWILUIMHATLE D OT, RERMEEN DOF A
KERKBIZFOBERIIKE W, 512, HTHAT
% &£ 912, CHAZ2W T ppb L X)L D AV KA
HTRRINEVIMEND D,

LA»L, TNHORAICHMBE I TIN5 M %
RBEHH RO R, REBEEHEAENZLTLLX
FI2bDTREAaho7. 3 S07AIT2WTII,
I7 UV N REIERLTL ) 72 0RIER &
HICHHHER R DM E > TL £ 9 72912 Johnson
et al. (2008) 7 EHFIRL7ZIZEIEROMER) R
RKEL WV E W) BRI RAESEICE DN R E

M f W

NTBH (Tian et al, 2010), HEHAFRL BV, F
72, CODERTITOWTIL, AV F O iy F 13
BEPICHDHDOD, 5bar &\ EFICH W COED
RENAE L T THOEDOEIRBEB R AHT100% T %
W CO-HO KRR TRKEZOCCU LICHED S
CLRTERZVEVIMLVWEEFRLNTYS
(Colaprete and Toon, 2003), = 512, CH.DHE
ROV TIE, Peoe>Pen® 51T T IRALKE
ROLTIVNITITE A EER L 2V 7zdimER)RIZ
HEBWR RIS TH A D L) @R AfFE T
k735 (Pavlov et al., 2000) &3 5%%, CH,
DR R % E RIS o 72RHER R I3 S h
T\, 72, £S5 % C0:LT5KERFATIE
BAVRO A X - O RE SN 5729, CH,
BREWCHFETELZVEVW)IHEDL D S (eg,
Kasting, 1997) Z® X ) ICBURTIZ, BAEL D 125
%13 RN KB EEE ORI HER O P00 B EE D REE D
KEHST L2 5 WKEIZBWT, koKD
WKL T EDRE L REE EHINAESL Z EHFTE
BANZALBRAEINTVEEREZLRWVWIRITD
5o
ZDEHIZ, KERMIBWTHAOKIENMIZ
blzo THRBMICHELZEE- &) S0 5 i
VB B b REERETE, S g Twik
Wb, PEERLYTS LEFBEREL FET L
MR TR o T B, 7272, IEDESTRERER O
% IF MR TR A BES & SIS L9 &b 0N
%% ) >2H% (eg., Fairén, 2010; Warner et al.,
2010) IR Iy BE R S F A HEm S N5 X 9 1
o TR, IR R SR O LA BAE D
R AEHR D 5 3R ICHEETDH B 20 IR O
ELTHENTW S &) I T 2 3L H o i
12, KEIFIKRKOEKDTH S CO.AKRDEEAT 5
MMEEBRBE B 5 72O I/N S RAMIEELIC & - TREX
BERRE%IE%T 5 (e.g., Gierasch and Toon,
1973) L WO MW LREEH L H S (cf., HWERTITK

REF D 0.8 NolI AERBHRG IR I 7 o T b e
L&),

29 LTRE SN TE 72 BIRIGIRBESE SRS o
iR b MBI D DI, PMRIFOHRIZ L > Tk
BICRBESES D 268N w3 DbDTH D
(Carr, 1989; Segura et al., 2002). #121¥, Segura
et al. (2002) 1%, 1RICHHFER O RGMEERTH %2
T, RAREZED K ABR AT 128 & 2 & g
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KELTHEENRTWS HLOPF—RICEEL, 20
KAEFUIZ L > TRADWER RN —FUIHT 5 2
LERLTz CORENREOBIT THRIIEE 2 L
KOBEZIEDS LR T B720, L)% L DKERDESR
FTHEVWIIEDT 4 — F Ny 758 &, KEDHRRL
PEHT B, DX % KKRMEZC X % 8PER 7RI
LB T IVAE, KSR & H #0022 A s &
Rohsd7ay 7 IROEH %Kt 72 g HAE7E
3 ABEE% (Fig. 5, Grant et al., 2008; Mustard et
al., 2009) L LFMNTH 5, 7272, ERFHTHES
10 m 43 DR G3 & RSN TE S & 5 O I ££200 km
LOKELREDOHRENPLETH S (HFE2000 km
BEOZ L—%—12H:M) R, TR ofkiim
SRR & IEHICH W (Seguraet al., 2002) £\ 9
ML H o720 ZOHRIC, KOBEMOWHMRPREIZL S
BN E EFEM % ZE L 723HEORBE2 51, bo
NS WHEEORKE LD S b AEED [H] 2R
TEAHWHEMIRENTWS (Segura et al., 2008)
7272, WHIORRBER NI EAERE Lot L v & v
IEREHRTVD, T2, ZOWYELH T ORER
B m BT (5 HROVERBKRE) &/hs<, kK2
KENC A SN2 FHOTAMIE % FHT 5121313 % A
WZ/h& L (Seguraet al., 2008), &P & HUE FLEk
OMOF vy FI3HE > T RVOPHIRTDH 5.

DO LI, WROKIKEIFIALE L 72 MO
REZOWTIE, #mdKE LGN TR IR TH
%o ImBRIBEAEAER L Thi W 2L, 2o 728
HEPD LNEWL, BT HEID LIk, LA
L, mIRSMEEAERE T 5 BRI A121E, i\
% &% o B BIT 1R 28 T ik % £, Noachian 7 5
Hesperian 22213 T O & 4FE 0 BRI R IZ 3 - CTHrke
MIAE S MBILTE 722 L3NS LZ) Th bo
T, ILRIIEA R~ 72 7 L — & — B O
Wb THALTWEIERLHEZEEINRTWS

(e.g., Carr, 1995; Hynek et al., 2010), & % IEH I
T 0 1RE ] 00 A I B SR SRR AEAE L 72D T dH
i, KE LD EOM)IIRBEBIZIERLES L—F —
BHEEZF->TLEIRTTH S, FRIC, FKHMIZ
DWTHRRA LI L—F —FERDH DA RO o TW
%o HIZIE, FEEWICEIZ L—F—ERZHO2IDD
1, Amazonian’lZ A>T 5H B SN TWwizT]
BNV EARENTWS (Grant and Wilson,
2011) MARDKEK % LI & T 2 WTE O T M
&, KEHEOD% ) IEVKHETICE> Tt E2 T
DEBEITH D, 5%IF, TR MEO MK G I
CIBIBE ST 2D [KEOK] BT 5 Hul
F=<thoT, KEOAGHEEDIELE R72T D
DEEbND,

Holden Crater on Mars. This 140 km-diameter crater was one of the four land-

ing site candidates for MSL and is been considered as one of the seven refer-
ence landing sites for the ExoMars/MAX-C joint rover. (a) The entire view of
Holding crater. The small circle pointed by the arrow shows the location of the
megabreccia shown in (b). Image source: Viking Orbiter Mosaic, U.S. Geological
Survey. (b) A HiRISE image (PSP_001666_1530) of Megarebreccia found on the
wall of Holden crater. These large blocks ranging up to 50 m in diameter are
likely of impact origin (Grant et al., 2008). Image courtesy: NASA/JPL/Univer-

sity of Arizona.
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3. HREDEETHETREESDAEEME
DhESCE A2 (CHY)

il 5 C k72 KR D R S5 0 B % R S %
L TH, EmoEE LTS CHIL, FEFICHE
R BREFE>Twb, 20729, KERKKHT O CH,
DEFZOoOVWTEHS A bERINTE 2 (eg,
Kasting, 1997). L L ERL72X 91, CO% FMK
GETHRKERRPCTIECHIEREICHFIETE L
Vo D720, BEOKEDOKRFKIIDETH CHA
HOor 2RI ICKWEZEZ SN TE, L2
LD, TOFETRKERFICCHERER L2235
WMEPHRNTH ENTWS (Formisano et al.,
2004; Krasnopolsky et al., 2004; Geminale et al.,
2008, 2010; Mumma et al., 2009; Fonti and Marzo,
2010)c WAD20044E DL, T — & RO ME—1E
R T 2 REIATHR 2o 72 T & R CHLOHE SE it
FEDS LRRE & R RERATH 72D LT, D
RWDH Y EOZFIEDSENFTH BN TH o720 L
ML, TOHROMET, ML TObNIRETH -7
B DD ST, CHOHEEIREAH10~60 ppb & B H
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DL HTURAPKER TR THIIL, Lido
KEOHFEDOREIIKE L EREE S 72 6 3
5o

LA L, BUEDKE KRGS CTIX CHZR L oAl
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Fig.6 Comparison between a high dispersion observation of Mars atmosphere by
Mumma et al. (2009) and theoretical calculation of methane absorption in the
telluric atmosphere. Note that the *CH. absorption lines coincide with claimed
Mars methane (?CH.) line. This coincidence demonstrates the challenge of de-
tecting methane on Mars through telluric atmosphere. The image is reproduced
from Zahnle et al. (2011) with permission from Elsevier.
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72559272 %% (Biemann et al., 1976, 1977), [FEIZ2
o X%y (CHCl) ®YZ7uux¥% > (CHCL) #»
B~%tppb LRV THRHBENTWD, KEBRET
X, TOEIRruuh—R U OFENEZIZL VWS
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T EBGEER TV, KEOBRME LCTX {flib
NLZT7ZHAWETHLILADEOEEY (F30
ppb) LA EFE 2V IIEICEIERE~Y 7% v 7 A
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Fig.7 Gas chromatograph mass spectrometry

(GCMS) measurements results of pyrolyzed
gas from Mars simulant soils from Atacama
dessert in Chili with (red) and without
(blue) mixing magnesium perchlorite (MgCl.
Os). Perchlorite was detected by Phoenix
lander in the polar region on Mars. The im-
age is reproduced from Navarro-Gonzalez et
al. (2010) with permission from AGU.
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