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By analogy with Earth, methane in the Martian atmosphere is a potential signature
of ongoing or past biological activity. During the last decade, Earth-based
telescopic observations reported “plumes” of methane of tens of parts-per-billion
by volume (ppbv), and those from Mars orbit showed localized patches, prompting
speculation of sources from sub-surface bacteria or non-biological sources. From
in situ measurements made by the Tunable Laser Spectrometer (TLS) on Curiosity
using a distinctive spectral pattern unique to methane, we here report no detection
of atmospheric methane with a measured value of 0.18 £0.67 ppbv corresponding to
an upper limit of only 1.3 ppbv (95% confidence level) that reduces the probability of
current methanogenic microbial activity on Mars, and limits the recent contribution

ppbv in winter.

The Tunable Laser Spectrometer
(TLS) of the Sample Analysis at Mars
(SAM) (12, 13) instrument suite on
Curiosity rover has a spectral resolution
(0.0002 cm™) - far superior to the
ground-based telescopic and orbiting
spectrometers- that offers unambiguous
identification of methane in a unique
fingerprint spectral pattern of 3 well-
resolved adjacent '>CH, lines in the 3.3
um band (Fig. 1). The in situ technique
of tunable laser absorption in a closed
sample cell is simple, non-invasive and
sensitive. TLS is a two-channel tunable
laser spectrometer that uses both direct
and second harmonic detection of IR
laser light. One laser source is a near-IR
tunable diode laser at 2.78 um that can
scan two spectral regions containing
CO, and H,0 isotopic lines that have
been used to report *C/*C, '%0/"70/'°0
and D/H ratios in the Martian atmos-
phere (13). The second laser source is
an interband cascade (IC) laser at 3.27

from extraplanetary and geologic sources.

Methane is the most abundant hydrocarbon in our solar system, and is
found in the atmospheres of several planets and satellites (/). On Earth,
90-95% of atmospheric methane is biologically-produced, either from
extant or fossil sources, and is easy to identify and quantify with confi-
dence using spectroscopic methods (2). For Mars, three possible origins
have been proposed: geologic, biotic, and exogenous (3—5). Over the last
decade, there have been several reports of methane detection from Earth
and from Mars orbit. Observations with the Canada-France-Hawaii Tele-
scope (CFHT) found a global average value of 10 £3 ppbv (5). The
Planetary Fourier Spectrometer (PFS) on the Mars Express (MEX)
spacecraft found a global average abundance of 10 £5 ppbv (4), later
updated (6) to 15 ppbv, with indications of discrete localized sources (4),
and a summer time maximum of 45 ppbv in the north polar region. A
search for methane from the Infrared Telescope Facility (IRTF) and the
Keck-2 telescope reported methane release in plumes (7) from discrete
sources in Terra Sabae, Nili Fossae and Syrtis Major, with the largest
plume containing 19,000 tons of CH, in March 2003; seasonal changes
with a summer time maximum of ~45 ppbv near the equator were seen.
Methane abundances later retrieved (8) from a second instrument in
Mars orbit, the Thermal Emission Spectrometer (TES) of Mars Global
Surveyor (MGS), reported methane abundances as intermittently present
(1999-2003), ranging from 5 to 60 ppbv in locations where favorable
geological conditions such as residual geothermal activity (Tharsis and
Elysium) and strong hydration (Arabia Terrae) are expected. More re-
cent observations report methane mixing ratios that have diminished
considerably since 2004-6 to upper limits of 7-8 ppbv (9-11), suggesting
a very short lifetime for atmospheric CH, and contradicting the MEX
claim that methane persisted from 2004-2010. Ground-based observa-
tions favor episodic injection of methane in 1999 and 2003, 10 ppbv at
Valles Marineris in Feb. 2006 (9, 11), and <8 ppbv in Jan. 2006 (10),
2009 and 2010; while orbital data from PFS and TES suggest a more
regular behavior with latitudinal, seasonal and interannual variabilities.
At Curiosity’s Gale Crater landing site (4.5°S, 137°E), published maps
of PFS data (6) show an increase from ~15 ppbv in fall to ~30 ppbv in
winter, whereas the TES trend (&) is opposite: ~30 ppbv in fall and ~5

pm used for methane detection alone,

scanning across seven rotational lines

that includes the R(3) triplet used in this
study (see Fig. 1 and table S1). The IC laser beam makes 81 passes of a
20-cm long sample cell of the Herriott design fitted with high-vacuum
microvalves that allow evacuation with a turbomolecular pump for
“empty cell” scans, or filled to Mars ambient pressure (~8 mbar) for
“full cell” runs. During data collection, the cell and other optics are kept
at 47 + 3°C using a heater that thermally stabilizes the cell but is ramped
up and down within these temperature limits to increase gas sensitivity
by spoiling the accumulation of optical interference fringes during the 2-
min period of spectrum collection. Our methane determination is made
by comparing the measured methane abundances in our sample cell
when filled with Mars atmosphere to those of the same cell evacuated, as
detailed in (14). The laser scans every second through the methane spec-
tral region and each spectrum is co-added on board to downlink sequen-
tial 2-min. averaged spectra during a given run of ~1-2 hours in duration.
Typically, we record twenty-six 2-min. “empty cell” spectra followed by
twenty-six 2-min. “full cell” spectra, then finally five additional 2-min.
empty cell spectra. For each 2-min. spectrum, we retrieve methane
abundances from three spectral lines (/4) individually and combine the
results to produce a weighted average value. By subtracting all retrieved
abundances (full and empty cell) from the empty cell mean value for that
sol run, we are left with 31 differences for the empty cell and 26 for the
full cell. For our statistical analysis we analyze the empty cell and full
cell differences for all the sols taken as one data set (/4). For Sols 79,
81, 106 and 292 the foreoptics chamber contained residual terrestrial air
(see Table 1 pressures) including CH,4 that produced absorption line
signals in the sample cell detector channel, as described in (/4). For Sols
306 and 313 the foreoptics was evacuated. Both sample cell and foreop-
tics chamber have pressure and temperature sensors. This experiment
has been repeated on six separate Martian sols (days) to date (Martian
sols 79, 81, 106, 292, 306, and 313 after landing in August 2012). The
inlet to the TLS is a stainless steel tube (/4) heated to 50°C and located
on the rover side ~1 m above the Martian surface, and was pointed at a
variety of directions relative to the nominal wind direction. Mars atmos-
pheric gas was ingested during the night for sols 79, 81, 106, 292, and
313; and during the day for sol 306 (Table 1). Our measurements corre-
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spond to southern spring (sols 79, 81, 106) and mid-late summer (sols
292,306, 313) on Mars.

To date we have no detection of methane. Individually (Table 1),
each of our 6 data sets produces a mean methane value ranging from -2.2
to 1.7 ppbv. Combining the individual sol results with equal weighting
yields a mean and standard error of 0.11 + 0.67 ppbv. Alternatively,
combining all of the individual measurements from all sols yields a
grand mean and standard error of 0.18 + 0.67 ppbv. At the 95% confi-
dence level either approach (/4) yields an upper limit on Mars atmos-
pheric methane of 1.3 ppbv. Curiosity’s low upper limit is not expected
given observations only a few years ago of large methane plumes, and
calculations (7) that the plume dispersion should produce global values
of ~6 ppbv after the 6-month period (3, /5) needed to mix uniformly
across the planet that would persist with a photochemical lifetime of
several hundred years (3, 5, 16).

Prior to Curiosity’s landing on Mars in August 2012, observational
evidence for methane on Mars was questioned in the published literature
(15, 17, 18). Contradictions were noted between the locations of maxima
reported from ground-based observations and maps inferred by PFS and
TES from Mars orbit. The plume results (7) were questioned (/7) on the
basis of a possible misinterpretation from methane lines whose positions
coincided with those of terrestrial isotopic *CH, lines. Krasnopolsky
(19) argued that cometary and volcanic contributions were not sufficient
to explain high methane abundances, calculating a cometary contribution
of only ~0.1 ppbv, and noting the lack of current volcanism, lack of hot
spots in thermal imaging (20), and the extremely low upper limit for
Mars SO, (9, 21) that in Earth’s volcanic emissions is orders of magni-
tude more abundant than CHy (5).

The very short methane lifetime of 0.4-4 years derived from the
2003-06 observations (7) requires powerful destruction mechanisms that
have not been identified to date. Although models have been proposed
for rapid removal of methane by oxidants, such as hydrogen peroxide
and perchlorates or by superoxides derived from their mineral reactions
(22-24) and directly by electric fields generated in dust devils (25), there
remains no evidence for their existence at Mars. Moreover, it has not
been demonstrated that any of these processes can reduce the lifetime of
methane by the required factor of 100 or more compared to its photo-
chemical lifetime. Our reported upper limit of 1.3 ppbv is significantly
lower than the methane abundances reported from Mars remote sensing
spacecraft observations and those from Earth telescopic observations,
including both the earlier high values of typically tens of ppbv and the
more recently reported upper limits of 7-8 ppbv (9, 10). Although TLS
samples only the very lowest part (~1 m) of the Mars atmosphere com-
pared to the other observations that are vertical column-integrated re-
sults, the atmospheric scale height (~10 km) and mixing time (~few
months) suggests that our measured upper limit is representative of the
global mean background level. With an expected photochemical lifetime
of methane in the Martian atmosphere of hundreds of years (3, 5, 16),
there currently remains no accepted explanation (/5, 17) for the exist-
ence and distribution of the reported plumes, nor of the apparent disap-
pearance of methane over the last few years. Our result sets an upper
limit that is ~6 times lower than other recent measurements and greatly
reduces the probability of significant methanogenic microbial activity on
Mars and recent methane production by serpentinization or from exoge-
nous sources including meteoritic, interplanetary dust and cometary
infall.

References and Notes
1. S. K. Atreya, P. R. Mahaffy, H. B. Niemann, M. H. Wong, T. C. Owen,
Composition and origin of the atmosphere of Jupiter—an update, and
implications for the extrasolar giant planets. Planet. Space Sci. 51, 105-112
(2003). doi:10.1016/S0032-0633(02)00144-7

2. H. A. Michelsen, G. L. Manney, C. R. Webster, R. D. May, M. R. Gunson, D.

5

1

Baumgardner, K. K. Kelly, M. Loewenstein, J. R. Podolske, M. H. Proffitt, S.
C. Wofsy, G. K. Yue, Intercomparison of ATMOS, SAGE II, and ER-2
observations in the Arctic vortex and extra-vortex air masses during spring
1993. Geophys. Res. Lett. 26, 291-294 (1999). doi:10.1029/1998GL900282

. V. A. Krasnopolsky, J. P. Maillard, T. C. Owen, Detection of methane in the
martian atmosphere: evidence for life? Icarus 172, 537-547 (2004).
doi:10.1016/j.icarus.2004.07.004

. V. Formisano, S. K. Atreya, T. Encrenaz, N. Ignatiev, M. Giuranna, Detection
of methane in the atmosphere of Mars. Science 306, 1758-1761 (2004).
doi:10.1126/science.1101732 Medline

. S. K. Atreya, P. R. Mahaffy, A. S. Wong, Methane and related trace species on

Mars: Origin, loss, implications for life, and habitability. Planet. Space Sci.

55, 358-369 (2007). doi:10.1016/j.pss.2006.02.005

A. Geminale, V. Formisano, G. Sindoni, Mapping methane in Martian

atmosphere with PFS-MEX data. Planet. Space Sci. 59, 137-148 (2011).

doi:10.1016/j.pss.2010.07.011

.M. J. Mumma, G. L. Villanueva, R. E. Novak, T. Hewagama, B. P. Bonev, M.
A. Disanti, A. M. Mandell, M. D. Smith, Strong release of methane on Mars
in  northern summer 2003. Science 323, 1041-1045 (2009).
doi:10.1126/science.1165243 Medline

. S. Fonti, G. A. Marzo, Mapping the methane on Mars. Astron. Astrophys. 512,
AS51(2010). doi:10.1051/0004-6361/200913178

. V. A. Krasnopolsky, Search for methane and upper limits to ethane and SO, on
Mars. Icarus 217, 144-152 (2012). doi:10.1016/j.icarus.2011.10.019

0. G. L. Villanueva, M. J. Mumma, R. E. Novak, Y. L. Radeva, H. U. Kéufl, A.
Smette, A. Tokunaga, A. Khayat, T. Encrenaz, P. Hartogh, A sensitive search
for Organics (CH4, CH;0H, H,CO, C,H,, C,H,, C,Hy), hydroperoxyl (HO2),
nitrogen Compounds (N,O, NH;, HCN) and chlorine species (HCI, CH;Cl) on
Mars using ground-based high-resolution infrared spectroscopy. Icarus 223,
11-27 (2013). doi:10.1016/j.icarus.2012.11.013

1. V. A. Krasnopolsky, A sensitive search for methane and ethane on Mars.
EPSC Abstracts 6,49 (2011).

2. P. R. Mahaffy, C. R. Webster, M. Cabane, P. G. Conrad, P. Coll, S. K. Atreya,
R. Arvey, M. Barciniak, M. Benna, L. Bleacher, W. B. Brinckerhoff, J. L.
Eigenbrode, D. Carignan, M. Cascia, R. A. Chalmers, J. P. Dworkin, T.
Errigo, P. Everson, H. Franz, R. Farley, S. Feng, G. Frazier, C. Freissinet, D.
P. Glavin, D. N. Harpold, D. Hawk, V. Holmes, C. S. Johnson, A. Jones, P.
Jordan, J. Kellogg, J. Lewis, E. Lyness, C. A. Malespin, D. K. Martin, J.
Maurer, A. C. McAdam, D. McLennan, T. J. Nolan, M. Noriega, A. A.
Pavlov, B. Prats, E. Raaen, O. Sheinman, D. Sheppard, J. Smith, J. C. Stern,
F. Tan, M. Trainer, D. W. Ming, R. V. Morris, J. Jones, C. Gundersen, A.
Steele, J. Wray, O. Botta, L. A. Leshin, T. Owen, S. Battel, B. M. Jakosky, H.
Manning, S. Squyres, R. Navarro-Gonzalez, C. P. McKay, F. Raulin, R.
Sternberg, A. Buch, P. Sorensen, R. Kline-Schoder, D. Coscia, C. Szopa, S.
Teinturier, C. Baffes, J. Feldman, G. Flesch, S. Forouhar, R. Garcia, D.
Keymeulen, S. Woodward, B. P. Block, K. Arnett, R. Miller, C. Edmonson, S.
Gorevan, E. Mumm, The Sample Analysis at Mars Investigation and
Instrument Suite. Space Sci. Rev. 170, 401-478 (2012). do0i:10.1007/s11214-
012-9879-z

3. C. R. Webster, P. R. Mahaffy, G. J. Flesch, P. B. Niles, J. H. Jones, L. A.
Leshin, S. K. Atreya, J. C. Stern, L. E. Christensen, T. Owen, H. Franz, R. O.
Pepin, A. Steele, C. Achilles, C. Agard, J. A. Alves Verdasca, R. Anderson,
R. Anderson, D. Archer, C. Armiens-Aparicio, R. Arvidson, E. Atlaskin, A.
Aubrey, B. Baker, M. Baker, T. Balic-Zunic, D. Baratoux, J. Baroukh, B.
Barraclough, K. Bean, L. Beegle, A. Behar, J. Bell, S. Bender, M. Benna, J.
Bentz, G. Berger, J. Berger, D. Berman, D. Bish, D. F. Blake, J. J. Blanco
Avalos, D. Blaney, J. Blank, H. Blau, L. Bleacher, E. Boehm, O. Botta, S.
Bottcher, T. Boucher, H. Bower, N. Boyd, B. Boynton, E. Breves, J. Bridges,
N. Bridges, W. Brinckerhoff, D. Brinza, T. Bristow, C. Brunet, A. Brunner,
W. Brunner, A. Buch, M. Bullock, S. Burmeister, M. Cabane, F. Calef, J.
Cameron, J. Campbell, B. Cantor, M. Caplinger, J. Caride Rodriguez, M.
Carmosino, I. Carrasco Blazquez, A. Charpentier, S. Chipera, D. Choi, B.
Clark, S. Clegg, T. Cleghorn, E. Cloutis, G. Cody, P. Coll, P. Conrad, D.
Coscia, A. Cousin, D. Cremers, J. Crisp, A. Cros, F. Cucinotta, C. d’Uston, S.
Davis, M. Day, M. de la Torre Juarez, L. DeFlores, D. DeLapp, J. DeMarines,
D. DesMarais, W. Dietrich, R. Dingler, C. Donny, B. Downs, D. Drake, G.
Dromart, A. Dupont, B. Duston, J. Dworkin, M. D. Dyar, L. Edgar, K. Edgett,
C. Edwards, L. Edwards, B. Ehlmann, B. Ehresmann, J. Eigenbrode, B.
Elliott, H. Elliott, R. Ewing, C. Fabre, A. Fairén, K. Farley, J. Farmer, C.

Sciencexpress/ http://www.sciencemag.org/content/early/recent / 19 September 2013 / Page 2/ 10.1126/science.1242902



http://www.sciencemag.org/content/early/recent
http://dx.doi.org/10.1016/S0032-0633(02)00144-7
http://dx.doi.org/10.1029/1998GL900282
http://dx.doi.org/10.1016/j.icarus.2004.07.004
http://dx.doi.org/10.1126/science.1101732
http://dx.doi.org/10.1126/science.1101732
http://dx.doi.org/10.1016/j.pss.2006.02.005
http://dx.doi.org/10.1016/j.pss.2010.07.011
http://dx.doi.org/10.1126/science.1165243
http://dx.doi.org/10.1126/science.1165243
http://dx.doi.org/10.1051/0004-6361/200913178
http://dx.doi.org/10.1016/j.icarus.2011.10.019
http://dx.doi.org/10.1016/j.icarus.2012.11.013
http://dx.doi.org/10.1007/s11214-012-9879-z
http://dx.doi.org/10.1007/s11214-012-9879-z

14.

15.

16.

17.

18.

EMBARGOED UNTIL 2:00 PM US ET, THURSDAY, 19 SEPTEMBER 2013

Fassett, L. Favot, D. Fay, F. Fedosov, J. Feldman, S. Feldman, M. Fisk, M.
Fitzgibbon, M. Floyd, L. Fliickiger, O. Forni, A. Fraeman, R. Francis, P.
Frangois, C. Freissinet, K. L. French, J. Frydenvang, A. Gaboriaud, M.
Gailhanou, J. Garvin, O. Gasnault, C. Geffroy, R. Gellert, M. Genzer, D.
Glavin, A. Godber, F. Goesmann, W. Goetz, D. Golovin, F. Gomez Gémez, J.
Gomez-Elvira, B. Gondet, S. Gordon, S. Gorevan, J. Grant, J. Griffes, D.
Grinspoon, J. Grotzinger, P. Guillemot, J. Guo, S. Gupta, S. Guzewich, R.
Haberle, D. Halleaux, B. Hallet, V. Hamilton, C. Hardgrove, D. Harker, D.
Harpold, A. M. Harri, K. Harshman, D. Hassler, H. Haukka, A. Hayes, K.
Herkenhoff, P. Herrera, S. Hettrich, E. Heydari, V. Hipkin, T. Hoehler, J.
Hollingsworth, J. Hudgins, W. Huntress, J. Hurowitz, S. Hviid, K. lagnemma,
S. Indyk, G. Israél, R. Jackson, S. Jacob, B. Jakosky, E. Jensen, J. K. Jensen,
J. Johnson, M. Johnson, S. Johnstone, A. Jones, J. Joseph, I. Jun, L. Kah, H.
Kahanpdi, M. Kahre, N. Karpushkina, W. Kasprzak, J. Kauhanen, L. Keely,
0. Kemppinen, D. Keymeulen, M. H. Kim, K. Kinch, P. King, L. Kirkland,
G. Kocurek, A. Koefoed, J. Kohler, O. Kortmann, A. Kozyrev, J. Krezoski, D.
Krysak, R. Kuzmin, J. L. Lacour, V. Lafaille, Y. Langevin, N. Lanza, J.
Lasue, S. Le Mouélic, E. M. Lee, Q. M. Lee, D. Lees, M. Lefavor, M.
Lemmon, A. Lepinette Malvitte, R. Léveillé, E. Lewin-Carpintier, K. Lewis,
S. Li, L. Lipkaman, C. Little, M. Litvak, E. Lorigny, G. Lugmair, A.
Lundberg, E. Lyness, M. Madsen, J. Maki, A. Malakhov, C. Malespin, M.
Malin, N. Mangold, G. Manhes, H. Manning, G. Marchand, M. Marin
Jiménez, C. Martin Garcia, D. Martin, M. Martin, J. Martinez-Frias, J. Martin-
Soler, F. J. Martin-Torres, P. Mauchien, S. Maurice, A. McAdam, E.
McCartney, T. McConnochie, E. McCullough, I. McEwan, C. McKay, S.
McLennan, S. McNair, N. Melikechi, P. Y. Meslin, M. Meyer, A.
Mezzacappa, H. Miller, K. Miller, R. Milliken, D. Ming, M. Minitti, M.
Mischna, 1. Mitrofanov, J. Moersch, M. Mokrousov, A. Molina Jurado, J.
Moores, L. Mora-Sotomayor, J. M. Morookian, R. Morris, S. Morrison, R.
Mueller-Mellin, J. P. Muller, G. Mufioz Caro, M. Nachon, S. Navarro Lopez,
R. Navarro-Gonzalez, K. Nealson, A. Nefian, T. Nelson, M. Newcombe, C.
Newman, H. Newsom, S. Nikiforov, B. Nixon, E. Noe Dobrea, T. Nolan, D.
Ochler, A. Ollila, T. Olson, M. A. de Pablo Hernandez, A. Paillet, E. Pallier,
M. Palucis, T. Parker, Y. Parot, K. Patel, M. Paton, G. Paulsen, A. Pavlov, B.
Pavri, V. Peinado-Gonzalez, L. Peret, R. Perez, G. Perrett, J. Peterson, C.
Pilorget, P. Pinet, J. Pla-Garcia, 1. Plante, F. Poitrasson, J. Polkko, R. Popa, L.
Posiolova, A. Posner, 1. Pradler, B. Prats, V. Prokhorov, S. W. Purdy, E.
Raaen, L. Radziemski, S. Rafkin, M. Ramos, E. Rampe, F. Raulin, M. Ravine,
G. Reitz, N. Rennd, M. Rice, M. Richardson, F. Robert, K. Robertson, J. A.
Rodriguez Manfredi, J. J. Romeral-Planelld, S. Rowland, D. Rubin, M.
Saccoccio, A. Salamon, J. Sandoval, A. Sanin, S. A. Sans Fuentes, L. Saper,
P. Sarrazin, V. Sautter, H. Savijérvi, J. Schieber, M. Schmidt, W. Schmidt, D.
Scholes, M. Schoppers, S. Schroder, S. Schwenzer, E. Sebastian Martinez, A.
Sengstacken, R. Shterts, K. Siebach, T. Siili, J. Simmonds, J. B. Sirven, S.
Slavney, R. Sletten, M. Smith, P. Sobron Sanchez, N. Spanovich, J. Spray, S.
Squyres, K. Stack, F. Stalport, T. Stein, N. Stewart, S. L. Stipp, K. Stoiber, E.
Stolper, B. Sucharski, R. Sullivan, R. Summons, D. Sumner, V. Sun, K.
Supulver, B. Sutter, C. Szopa, F. Tan, C. Tate, S. Teinturier, I. ten Kate, P.
Thomas, L. Thompson, R. Tokar, M. Toplis, J. Torres Redondo, M. Trainer,
A. Treiman, V. Tretyakov, R. Urqui-O’Callaghan, J. Van Beek, T. Van Beek,
S. VanBommel, D. Vaniman, A. Varenikov, A. Vasavada, P. Vasconcelos, E.
Vicenzi, A. Vostrukhin, M. Voytek, M. Wadhwa, J. Ward, E. Weigle, D.
Wellington, F. Westall, R. C. Wiens, M. B. Wilhelm, A. Williams, J.
Williams, R. Williams, R. B. Williams, M. Wilson, R. Wimmer-
Schweingruber, M. Wolff, M. Wong, J. Wray, M. Wu, C. Yana, A. Yen, A.
Yingst, C. Zeitlin, R. Zimdar, M. P. Zorzano Mier; MSL Science Team,
Isotope ratios of H, C, and O in CO, and H,O of the martian atmosphere.
Science 341, 260-263 (2013). doi:10.1126/science.1237961 Medline
Materials and methods are available as supplementary materials on Science
Online.

F. Lefevre, F. Forget, Observed variations of methane on Mars unexplained
by known atmospheric chemistry and physics. Nature 460, 720-723 (2009).
doi:10.1038/nature08228 Medline

A. S. Wong, S. K. Atreya, T. Encrenaz, Chemical markers of possible hot
spots on Mars. J. Geophys. Res. 108, (E4), 5026 (2003).
doi:10.1029/2002JE002003

K. J. Zahnle, R. S. Freedman, D. C. Catling, Is there methane on Mars? Icarus
212, 493-503 (2011). doi:10.1016/j.icarus.2010.11.027

R. A. Kerr, Planetary science. Question of martian methane is still up in the

19.

20.

21.

22.

23.

24.

25.

26.

27.

air. Science 338, 733 (2012). doi:10.1126/science.338.6108.733 Medline

V. A. Krasnopolsky, Some problems related to the origin of methane on Mars.
Icarus 180, 359-367 (2006). doi:10.1016/j.icarus.2005.10.015

P. R. Christensen, Mars as seen from the 2001 Mars Odyssey Thermal
Emission Imaging System experiment. EOS Trans. AGU Fall Meet. Suppl. 84
(46), Abstract P21A-02, 2003.

T. Encrenaz, T. K. Greathouse, M. J. Richter, J. H. Lacy, T. Fouchet, B.
Bézard, F. Lefévre, F. Forget, S. K. Atreya, A stringent upper limit to SO, in
the Martian atmosphere. Astron.  Astrophys. 530, 1-5 (2011).
doi:10.1051/0004-6361/201116820

S. K. Atreya, O. Witasse, V. F. Chevrier, F. Forget, P. R. Mahaffy, P. Buford
Price, C. R. Webster, R. W. Zurek, Methane on Mars: Current observations,
interpretation, and future plans. Planet. Space Sci. 59, 133-136 (2011).
doi:10.1016/1.pss.2010.10.008

S. K. Atreya, A. S. Wong, N. O. Renno, W. M. Farrell, G. T. Delory, D. D.
Sentman, S. A. Cummer, J. R. Marshall, S. C. Rafkin, D. C. Catling, Oxidant
enhancement in martian dust devils and storms: implications for life and
habitability. Astrobiology 6, 439-450 (2006). doi:10.1089/ast.2006.6.439
Medline

G. T. Delory, W. M. Farrell, S. K. Atreya, N. O. Renno, A. S. Wong, S. A.
Cummer, D. D. Sentman, J. R. Marshall, S. C. Rafkin, D. C. Catling, Oxidant
enhancement in martian dust devils and storms: storm electric fields and
electron dissociative attachment. Astrobiology 6, 451-462 (2006).
doi:10.1089/ast.2006.6.451 Medline

W. M. Farrell, G. T. Delory, S. K. Atreya, Martian Dust Storms as a Possible
Sink of Atmospheric Methane. J.  Geophys. Res. 33, (2006).
10.1029/2006G1.027210

L. S. Rothman, I. E. Gordon, A. Barbe, D. C. Benner, P. F. Bernath, M. Birk,
V. Boudon, L. R. Brown, A. Campargue, J.-P. Champion, K. Chance, L. H.
Coudert, V. Dana, V. M. Devi, S. Fally, J.-M. Flaud, R. R. Gamache, A.
Goldman, D. Jacquemart, I. Kleiner, N. Lacome, W. J. Lafferty, J.-Y. Mandin,
S. T. Massie, S. N. Mikhailenko, C. E. Miller, N. Moazzen-Ahmadi, O. V.
Naumenko, A. V. Nikitin, J. Orphal, V. 1. Perevalov, A. Perrin, A. Predoi-
Cross, C. P. Rinsland, M. Rotger, M. Simegkova, M. A. H. Smith, K. Sung, S.
A. Tashkun, J. Tennyson, R. A. Toth, A. C. Vandaele, J. Vander Auwera, The
HITRAN 2008 Molecular Spectroscopic Database. J. Quant. Spectrosc.
Radiat. Transf. 110, 533572 (2009). doi:10.1016/j.jgsrt.2009.02.013

C. R. Webster, R. T. Menzies, E. D. Hinkley, “Infrared laser absorption:
theory and applications,” Laser Remote Chemical Analysis, R M. Measures,
ed., Wiley, New York, Chap. 3, (1988).

Acknowledgements: The research described here was carried out in part at the

Jet Propulsion Laboratory, California Institute of Technology, under a
contract with the National Aeronautics and Space Administration (NASA).
Data described in the paper are further described in the Supplementary
Materials and have been submitted to NASA’s Planetary Data System (PDS)
under an arrangement with the Mars Science Laboratory project.

Supplementary Materials
www.sciencemag.org/cgi/content/full/science.[ms. no.]/DC1
Materials and Methods

Figs. S1to S5

Tables S1 to S3

References (26, 27)

8 July 2013; accepted 5 September 2013
Published online 19 September 2013
10.1126/science.1242902

Sciencexpress/ http:/www.sciencemag.org/content/early/recent / 19 September 2013 / Page 3/ 10.1126/science.1242902


http://www.sciencemag.org/content/early/recent
http://dx.doi.org/10.1126/science.1237961
http://dx.doi.org/10.1126/science.1237961
http://dx.doi.org/10.1038/nature08228
http://dx.doi.org/10.1038/nature08228
http://dx.doi.org/10.1029/2002JE002003
http://dx.doi.org/10.1016/j.icarus.2010.11.027
http://dx.doi.org/10.1126/science.338.6108.733
http://dx.doi.org/10.1126/science.338.6108.733
http://dx.doi.org/10.1016/j.icarus.2005.10.015
http://dx.doi.org/10.1051/0004-6361/201116820
http://dx.doi.org/10.1016/j.pss.2010.10.008
http://dx.doi.org/10.1089/ast.2006.6.439
http://dx.doi.org/10.1089/ast.2006.6.439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16805700&dopt=Abstract
http://dx.doi.org/10.1089/ast.2006.6.451
http://dx.doi.org/10.1089/ast.2006.6.451
http://dx.doi.org/10.1016/j.jqsrt.2009.02.013

EMBARGOED UNTIL 2:00 PM US ET, THURSDAY, 19 SEPTEMBER 2013

Table 1. Curiosity SAM-TLS methane measurements at Gale Crater (4.5 S, 137.4 E) over an 8-month period. SEM, standard

error from the mean; Ls, solar longitude.

Martian Sol after landing  Earth date Ls (deg) Gas ingest time/cell pres- Mean value £ 1
on Aug 6th 2012 sure (mbar)/foreoptics pres- SEM (ppbv)
sure (mbar)
79 Oct 25th 2012 195.0 Night/8.0/11.5 1.62 +2.03
81 Oct 27th 2012 196.2 Night/8.0/11.5 1.71 £ 2.06
106 Nov 27th 2012 214.9 Night/8.5/10.9 -0.55+1.45
292 June 1st 2013 328.6 Night/8.7/9.2 0.60 +1.74
306 June 16th 2013 336.5 Day/8.1/0.0 -2.21+0.94
313 June 23rd 2013 340.5 Night/8.7/0.0 -0.50+0.94
Mean of individual sol results 0.11+0.56
Mean for entire aggregated data set 0.18 £ 0.67
"2CH, *CH, Fig. 1. The TLS-SAM methane measurements. (Top)
oot TATAl ] o Examples of flight spectra downloaded from Curiosity. (A)

Spectrum recorded during an unrelated Evolved Gas
Analysis (EGA) run (74) showing location of "?CH4 and "*CH,

' "7 lines, in which the second half has been vertically expanded
1B “ {\ r\ ] by x20 to show the weaker "*CHj lines; (B) Same as (A) but

0.92 o -

°7 second harmonic (2f) spectrum (74) without vertical
expansion; (C) Averaged full cell 2f spectrum for Sol 106
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