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Supplementary Materials:
Materials and Methods

The Sample Analysis at Mars (SAM) suite on the Mars Science Laboratory “Curiosity” rover
consists of three instruments supported by a gas separation and processing subsystem and a solid
sample manipulation system. Results presented here were obtained with the quadrupole mass
spectrometer (QMS) and the tunable laser spectrometer (TLS). The third SAM instrument, a 6-
column gas chromatograph (GC) system, was not used in these atmospheric experiments.
Separate miniaturized turbomolecular pumps (compression ratio ~5x10%) evacuate the QMS and
the TLS and gas manifold prior to martian atmosphere ingestion through heated inlets.

Although the first two atmospheric experiments on Mars utilized both the TLS and the QMS, the
two instruments were operated separately in the seven subsequent experiments (2 QMS-only and
5 TLS-only) to allow longer integration times for each instrument. The atmospheric samples
were acquired between 6:06 pm and 4:41 am local mean solar time. Temperature and pressure
conditions recorded during each ingestion by the Rover Environmental Monitoring Station, or
REMS (46), are reported in Table S1.

The atmospheric samples were ingested into a pre-evacuated manifold. For QMS measurements,
the gas manifold was preconditioned to 50°C during evacuation, prior to introduction of Mars
atmosphere. Background measurements were taken with the QMS open to the evacuated
manifold. A valve to the sample inlet tube was subsequently opened for ~30 seconds to introduce
atmospheric gas to a portion of the manifold. A small fraction of this gas was leaked into the
QMS in a dynamic sampling mode as it was pumped by one of the turbomolecular pumps.

The QMS employs hyperbolic rods, redundant 70-eV electron beam energy ion sources, and
redundant pulse counting Channeltron detectors. Mass resolution enables half unit m/z values to
be clearly separated from the unit mass values in the high frequency portion (1.5-19.5 Da) of the
spectrum. QMS data were acquired in both a fractional scan mode with 0.1-Da step size and a
unit scan mode with 1.0-Da step size. Results reported in this contribution were obtained
through processing of data acquired in fractional scan mode, which entails integration of peak
areas at a given m/z = 0.4. Volume mixing ratios were derived from application of empirical
calibration constants describing relative instrument response to the five most abundant
atmospheric species, CO,, Ar, Nj, O,, and CO.

Data from the two QMS-only experiments, from which average composition was computed, are
provided in Table S2. The first of these experiments, TID 25012, utilized a single atmospheric
analysis segment, while the second experiment, TID 25027, included two analysis segments. The
table gives values of volume mixing ratios as well as carbon and argon isotope ratios determined
from the individual experiments. Carbon isotope ratios (8'°C) were computed in two ways:
directly from the ratio of m/z 13 to m/z 12 and from the signal at m/z 45 and 46, after accounting
for contributions from oxygen at these m/z values. For the latter method, the oxygen isotopic
composition (8'°0) determined by the TLS was applied, assuming A'’O of 0.32 (47). Argon
ratios were computed with both a constant background and a trending background to explore
how the difference in these methods affects calculations with the low-abundance m/z 36.
Uncertainties include contributions from statistical noise, detector corrections, background
subtraction, and accuracy of the calibration constants as determined during pre-launch testing.
Uncertainties in the oxygen isotopic composition contributed to the reported uncertainties for



8"°C obtained from m/z 45 and 46. Variations in composition retrieved by repeated analyses of a
commercially-produced calibration gas tank, prepared with specifications to match the martian
atmospheric composition as reported by Viking, represent the dominant source of uncertainty in
volume mixing ratio calculations. This is especially true for the constituents present at lowest
abundance, O, and CO. The instrument background is dominated by atmospheric gases that
backstream through the turbomolecular pump and by residual instrument water. The apparent
drop in background signal at m/z 18 in Fig. 1 and the lack of atmospheric signal there, reflects
saturation of the QMS detector by the high H>O background.

For the TLS isotope measurements, gas introduced to the manifold at 7 mbar was expanded into
the TLS in a series of steps to reach a pressure of ~0.74 mbar in the Herriott cell to avoid
saturation on the strongest infrared absorption lines. The TLS utilizes spherical mirrors set 20 cm
apart. For CO, measurements 43 passes in the TLS Herriott cell are utilized with a NIR tunable
diode laser at 2.78 pum to measure both carbon and oxygen isotopes. Typical experiments include
collection of 2-minute averaged spectra over a total duration of ~30 minutes, during which the
laser scans once per second. Individual spectral lines that have been normalized to the laser
power and zero light pulse are integrated over the line shape and quantified via calibration
results.

Supplementary Tables
Table S1

SAM atmospheric ingestion events and REMS environmental conditions. Where REMS
measurements are not available at the exact times of atmospheric ingestions, interpolated values
are reported based on measurements nearby in time.

Ingest Ingest REMS
start Duration Ground REMS Air
ID Sol | Valve | LMST | (hh:mm:ss) Target Temp (C) | Temp (C) REMS P (mbar)
MS,
25008 18 28 21:13 01:18:29 Q'I'LS - |- - |- - |-
19 10 22:56 00:02:22 TLS -] - -] - -] -
25009 27 10 23:03 00:00:45 TLS -72 | £5 -62 | £ 3 7.58 | £ 0.05
28 28 01:34 00:29:10 QMS -79 | £ 5 -69 | £ 3 7.66 | £ 0.07
28 28 02:29 00:01:01 TLS -81 [ £5 -70 | £ 3 7.69 | £ 0.05
28 28 02:31 00:01:01 TLS -81 | £5 -70 | £ 3 7.69 | £ 0.05
28 28 02:33 00:01:01 TLS -81 | x5 -70 | £ 3 7.69 | £ 0.05
28 28 02:35 00:01:01 TLS -81 [ £5 -70 | £ 3 7.69 | £ 0.05
TLS (not
28 10 04:36 00:04:26 used) -83 [ £5 -74 | £ 3 7.70 | £ 0.06
25012 45 28 22:43 00:00:31 QMS -72 | 5 -59 | + 3 7.71 | £ 0.07
25014 52 10 20:37 00:01:07 TLS -62 | £ 7 -52 | £ 5 7.59 | £ 0.07
52 28 21:51 00:00:31 TLS -64 | £ 5 -52 | £ 3 7.70 | £ 0.05
52 28 21:53 00:00:32 TLS -64 | £ 5 -51 | +£3 7.70 | £ 0.05
TLS (not
53 10 00:20 00:20:03 used) -74 | £ 5 -62 | £ 3 7.79 | £ 0.06
25026 73 28 20:44 00:00:31 TLS -64 | £ 5 -50 | £ 3 7.86 | £ 0.05
73 28 20:46 00:00:32 TLS -64 | 5 -49 | £ 3 7.86 | £ 0.05




TLS (not
73 10 23:18 00:20:02 used) -76 | £7 -62 | £6 8.04 | £ 0.06
25027 77 28 21:08 00:00:31 QMS -66 | £5 -54 | £3 7.93 | £ 0.05
77 28 22:42 00:00:31 QMS -73 | £5 -56 | £ 3 8.06 | £ 0.05
25028 79 28 20:25 00:00:31 TLS -60 [ £ 5 -50 | £ 3 7.89 | £ 0.05
79 28 20:26 00:00:32 TLS -60 | £ 5 -48 | £ 3 7.89 | = 0.05
TLS (not
79 10 23:00 00:20:02 used) -74 | £ 5 -62 | £4 8.09 | £ 0.06
25029 81 28 18:06 00:00:31 TLS 44 | £ 4 -38 | £ 3 7.71 | £ 0.05
81 28 18:08 00:00:31 TLS 44 | £ 4 -36 | £3 7.72 | = 0.05
TLS (not
81 10 | 21:18 | 00:20:02 used) -68|+6 | -55[+6 | 8.03 |+ 0.08
Table S2
Chemical and isotopic composition of the martian atmosphere as measured by the SAM
QMS.
TID 25027: TID 25027:
TID 25012 .
Segment 1 Segment 2 Weighted mean
(Sol 45)
(Sol 77) (Sol 77)
Volume
mixing ratio:
CO; 0.959 +0.015 0.960 £0.016 | 0.960 +0.017 0.960 + 0.009
Ar 0.0196 £ 0.0002 | 0.0192 +0.0002 | 0.0192 +0.0002 | 0.0193 +0.0001
N; 0.0193 £ 0.0006 | 0.0188 + 0.0006 | 0.0186 + 0.0006 | 0.0189 + 0.0003
0; 1.40(20.15)x107 | 1.45(x0.15)x107 | 1.52(£0.15)x10™ | 1.45(x0.09)x107
CcO” 8.81(+4.58)x10™ | 7.94(x4.14)x10"* | 5.81(x3.05)x10* | 7.06(2.16)x10™
8"C from
m/z 12 & 13 58.3+5.3 353+29 52.4+3.7 44.5+2.1
§"C from
m/z 45 & 46" 40.3+£2.5 40.2 +£3.3 40.4 £3.2 40.3+1.6
PAr/Ar:
Constant
1904 + 42 1972 £ 45 1771 £ 49 1889 + 26
background;
Trending
1726 + 22 1904 + 21 1705 + 38 1803 + 14
background




“Uncertainties on the weighted mean are given in the table. Uncertainties cited in the text
are the greater of the root-sum-squared of the uncertainties of individual measurements or
the standard deviation of individual measurements included in the mean.

““The calibration constant for calculation of CO abundances has been modified from that
derived during pre-launch calibration due to an apparent small reduction in instrument
background at m/z 12. After subtracting the m/z = 12 contribution from CO; based on the
measured CO,"™" signal at m/z 22, the residual is attributed to CO. The calibration constant
was adjusted by assuming that the shift in measured signal at m/z 12 since pre-flight testing
is due solely to a reduction in instrument background and not from a difference in relative
abundances of CO; and CO on Mars compared to our calibration gas tank. Since
application of the pre-flight calibration constant to Mars data predicts zero CO abundance,
values obtained with the modified calibration constant are reported only as an upper limit
in Table 1. The on-board calibration cell, which has not yet been used on Mars, contains
CO; but no CO and is designed to secure the relative contribution from CQO; at m/z 22 and
12.

"For calculation of 8°C from m/z 45 & 46, the oxygen isotopic composition was assumed as
the 8'*0 measured by the TLS for atmospheric CO,, with A'’0 = 0.32.



References and Notes

1. J. P. Grotzinger, J. Crisp, A. R. Vasavada, R. C. Anderson, C. J. Baker, R. Barry, D. F. Blake,
P. Conrad, K. S. Edgett, B. Ferdowski, R. Gellert, J. B. Gilbert, M. Golombek, J. Gomez-
Elvira, D. M. Hassler, L. Jandura, M. Litvak, P. Mahaffy, J. Maki, M. Meyer, M. C.
Malin, I. Mitrofanov, J. J. Simmonds, D. Vaniman, R. V. Welch, R. C. Wiens; Mars
Science Laboratory Mission and Science Investigation, Mars Science Laboratory Mission
and Science Investigation. Space Sci. Rev. 170, 5-56 (2012). d0i:10.1007/s11214-012-
9892-2

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). d0i:10.1007/s11214-012-9879-z

3. A Mars solar longitude of 180° represents the southern spring equinox where the southern
polar region would be covered with carbon dioxide ice.

4. T. Owen, K. Biemann, D. R. Rushneck, J. E. Biller, D. W. Howarth, A. L. Lafleur, The
composition of the atmosphere at the surface of Mars. J. Geophys. Res. 82, 4635-4639
(1977). doi:10.1029/JS082i028p04635

5. A. O. Nier, M. B. McElroy, Structure of the neutral upper atmosphere of Mars: Results from
Viking 1 and Viking 2. Science 194, 1298-1300 (1976).
doi:10.1126/science.194.4271.1298

6. M. D. Smith, M. J. Wolff, R. T. Clancy, S. L. Murchie, Compact Reconnaissance Imaging
Spectrometer observations of water vapor and carbon monoxide. J. Geophys. Res. 114,
EO0DO3 (2009). doi:10.1029/2008JE003288

7. F. Billebaud, J. Brillet, E. Lellouch, T. Fouchet, T. Encrenaz, V. Cottini, N. Ignatiev, V.
Formisano, M. Giuranna, A. Maturilli, F. Forget, Observations of CO in the atmosphere
of Mars with PFS onboard Mars Express. Planet. Space Sci. 57, 1446-1457 (2009).
d0i:10.1016/j.pss.2009.07.004

8. G. Sindoni, V. Formisano, A. Geminale, Observations of water vapour and carbon monoxide
in the martian atmosphere with the SWC of PFS/MEX. Planet. Space Sci. 59, 149-162
(2011). d0i:10.1016/j.pss.2010.12.006



http://dx.doi.org/10.1007/s11214-012-9892-2
http://dx.doi.org/10.1007/s11214-012-9892-2
http://dx.doi.org/10.1007/s11214-012-9879-z
http://dx.doi.org/10.1029/JS082i028p04635
http://dx.doi.org/10.1126/science.194.4271.1298
http://dx.doi.org/10.1029/2008JE003288
http://dx.doi.org/10.1016/j.pss.2009.07.004
http://dx.doi.org/10.1016/j.pss.2010.12.006

9. V. A. Krasnopolsky, Long-term spectroscopic observations of mars using IRTF/CSHELL.:

Mapping of O, dayglow, CO, and search for CH,. Icarus 190, 93-102 (2007).
doi:10.1016/j.icarus.2007.02.014

10. P. Hartogh, M. I. Btecka, C. Jarchow, H. Sagawa, E. Lellouch, M. de Val-Borro, M. Rengel,

A. S. Medvedev, B. M. Swinyard, R. Moreno, T. Cavalié, D. C. Lis, M. Banaszkiewicz,
D. Bockelée-Morvan, J. Crovisier, T. Encrenaz, M. Kiippers, L.-M. Lara, S. Szutowicz,
B. Vandenbussche, F. Bensch, E. A. Bergin, F. Billebaud, N. Biver, G. A. Blake, J. A. D.
L. Blommaert, J. Cernicharo, L. Decin, P. Encrenaz, H. Feuchtgruber, T. Fulton, T. de
Graauw, E. Jehin, M. Kidger, R. Lorente, D. A. Naylor, G. Portyankina, M. Sanchez-
Portal, R. Schieder, S. Sidher, N. Thomas, E. Verdugo, C. Waelkens, A. Lorenzani, G.
Tofani, E. Natale, J. Pearson, T. Klein, C. Leinz, R. Gusten, C. Kramer, First results on
martian carbon monoxide from Herschel/HIFI observations. Astron. Astrophys. 521, L48
(2010). doi:10.1051/0004-6361/201015159

11. P. Hartogh, C. Jarchow, E. Lellouch, M. de Val-Borro, M. Rengel, R. Moreno, A. S.

12. A

13.T.

14.R.

15. R.

16. K.

17. H.

Medvedev, H. Sagawa, B. M. Swinyard, T. Cavalié, D. C. Lis, M. I. Btecka, M.
Banaszkiewicz, D. Bockelée-Morvan, J. Crovisier, T. Encrenaz, M. Kiippers, L.-M. Lara,
S. Szutowicz, B. Vandenbussche, F. Bensch, E. A. Bergin, F. Billebaud, N. Biver, G. A.
Blake, J. A. D. L. Blommaert, J. Cernicharo, L. Decin, P. Encrenaz, H. Feuchtgruber, T.
Fulton, T. de Graauw, E. Jehin, M. Kidger, R. Lorente, D. A. Naylor, G. Portyankina, M.
Sanchez-Portal, R. Schieder, S. Sidher, N. Thomas, E. Verdugo, C. Waelkens, N.
Whyborn, D. Teyssier, F. Helmich, P. Roelfsema, J. Stutzki, H. G. LeDuc, J. A. Stern,
Herschel/HIFI observations of Mars: First detection of O, at submillimetre wavelengths
and upper limits on HCI and H,O,. Astron. Astrophys. 521, L49 (2010).
d0i:10.1051/0004-6361/201015160

L. Sprague, W. V. Boynton, K. E. Kerry, D. M. Janes, D. M. Hunten, K. J. Kim, R. C.
Reedy, A. E. Metzger, Mars’ south polar Ar enhancement: A tracer for south polar
seasonal meridional mixing. Science 306, 1364-1367 (2004).
doi:10.1126/science.1098496

E. Economou, R. T. Pierrehumbert, paper presented at the 41st Lunar and Planetary
Institute Science Conference, abstract 2179, The Woodlands, TX, 1 March 2010.

H. Becker, R. O. Pepin, The case for a martian origin of the shergottites: Nitrogen and
noble gases in EETA 79001. Earth Planet. Sci. Lett. 69, 225-242 (1984).
d0i:10.1016/0012-821X(84)90183-3

C. Wiens, R. H. Becker, R. O. Pepin, The case for a martian origin of the Shergottites. 2.
Trapped and indigenous gas components in EETA 79001 glass. Earth Planet. Sci. Lett.
77, 149-158 (1986). doi:10.1016/0012-821X(86)90156-1

Marti, J. S. Kim, A. N. Thakur, T. J. McCoy, K. Keil, Signatures of the martian
atmosphere in glass of the Zagami meteorite. Science 267, 1981-1984 (1995).
doi:10.1126/science.7701319

C. Aoudjehane, G. Avice, J. A. Barrat, O. Boudouma, G. Chen, M. J. Duke, I. A. Franchi,
J. Gattacceca, M. M. Grady, R. C. Greenwood, C. D. Herd, R. Hewins, A. Jambon, B.
Marty, P. Rochette, C. L. Smith, V. Sautter, A. Verchovsky, P. Weber, B. Zanda, Tissint



http://dx.doi.org/10.1016/j.icarus.2007.02.014
http://dx.doi.org/10.1051/0004-6361/201015159
http://dx.doi.org/10.1051/0004-6361/201015160
http://dx.doi.org/10.1126/science.1098496
http://dx.doi.org/10.1016/0012-821X(84)90183-3
http://dx.doi.org/10.1016/0012-821X(86)90156-1
http://dx.doi.org/10.1126/science.7701319

18.
19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

martian meteorite: A fresh look at the interior, surface, and atmosphere of Mars. Science
338, 785-788 (2012). doi:10.1126/science.1224514

VVPDB is a terrestrial isotopes standard.

P. B. Niles, W. V. Boynton, J. H. Hoffman, D. W. Ming, D. Hamara, Stable isotope
measurements of martian atmospheric CO; at the Phoenix landing site. Science 329,
1334-1337 (2010). doi:10.1126/science.1192863

V. A. Krasnopolsky, J. P. Maillard, T. C. Owen, R. A. Toth, M. D. Smith, Oxygen and
carbon isotope ratios in the martian atmosphere. Icarus 192, 396-403 (2007).
doi:10.1016/j.icarus.2007.08.013

D. D. Bogard, P. Johnson, Martian gases in an antarctic meteorite? Science 221, 651-654
(1983). doi:10.1126/science.221.4611.651

R. H. Carr, M. M. Grady, 1. P. Wright, C. T. Pillinger, Martian atmospheric carbon dioxide
and weathering products in SNC meteorites. Nature 314, 248-250 (1985).
d0i:10.1038/314248a0

H. Y. McSween Jr., What we have learned about Mars from SNC meteorites. Meteoritics 29,
757-779 (1994). doi:10.1111/j.1945-5100.1994.tb01092.x

U. Ott, Noble gases in SNC meteorites: Shergotty, Nakhla, Chassigny. Geochim.
Cosmochim. Acta 52, 1937-1948 (1988). d0i:10.1016/0016-7037(88)90017-8

U. Ott, F. Begemann, Martian meteorites: Are they (all) from Mars: Evidence from trapped
noble gases. Meteoritics 20, 721 (1985).

S. V. S. Murty, R. K. Mohapatra, Nitrogen and heavy noble gases in ALH 84001: Signatures
of ancient martian atmosphere. Geochim. Cosmochim. Acta 61, 5417-5428 (1997).
d0i:10.1016/S0016-7037(97)00315-3

D. D. Bogard, D. H. Garrison, Trapped and radiogenic argon in martian shergottites.
Meteorit. Planet. Sci. 33 (suppl.), 19 (1998).

A. H. Treiman, J. D. Gleason, D. D. Bogard, The SNC meteorites are from Mars. Planet.
Space Sci. 48, 1213-1230 (2000). doi:10.1016/S0032-0633(00)00105-7

T. Owen, A. Bar-Nun, Comets, impacts and atmospheres. 11. Isotopes and noble gases. AIP
Conf. Proc. 341, 123-138 (1994).

T. D. Swindle, How many martian noble gas reservoirs have we sampled? AIP Conf. Proc.
341, 175 (1994).

T. D. Swindle, J. H. Jones, The xenon isotopic composition of the primordial martian
atmosphere: Contributions from solar and fission components. J. Geophys. Res. 102,
1671 (1997). doi:10.1029/96JE03110

Details of measurement procedures and treatment of uncertainties are provided in the
supplementary materials on Science Online.

The turbomolecular pumps on SAM are expected to provide a more stable pressure of noble
gas in the mass spectrometer ion source compared with the small ion pumps used on
Viking.


http://dx.doi.org/10.1126/science.1224514
http://dx.doi.org/10.1126/science.1192863
http://dx.doi.org/10.1016/j.icarus.2007.08.013
http://dx.doi.org/10.1126/science.221.4611.651
http://dx.doi.org/10.1038/314248a0
http://dx.doi.org/10.1111/j.1945-5100.1994.tb01092.x
http://dx.doi.org/10.1016/0016-7037(88)90017-8
http://dx.doi.org/10.1016/S0016-7037(97)00315-3
http://dx.doi.org/10.1016/S0032-0633(00)00105-7
http://dx.doi.org/10.1029/96JE03110

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

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, the
MSL Science Team, Isotope ratios of H, C, and O in CO, and H,0 of the martian
atmosphere. Science 341, 260-263 (2013).

A.J. T. Jull, C. J. Eastoe, S. Cloudt, Isotopic composition of carbonates in the SNC
meteorites, Allan Hills 84001 and Zagami. J. Geophys. Res. 102, 1663 (1997).
d0i:10.1029/96JE03111

B. M. Jakosky, R. O. Pepin, R. E. Johnson, J. L. Fox, Mars atmospheric loss and isotopic
fractionation by solar-wind-induced sputtering and photochemical escape. Icarus 111,
271-288 (1994). doi:10.1006/icar.1994.1145

D. H. Garrison, D. D. Bogard, Cosmogenic and trapped noble gases in the Los Angeles
martian meteorite. Meteorit. Planet. Sci. 35 (suppl.), A58 (2000).

D. D. Bogard, R. N. Clayton, K. Marti, T. Owen, G. Turner, Martian volatiles: Isotopic
composition, origin, and evolution. Space Sci. Rev. 96, 425-458 (2001).
d0i:10.1023/A:1011974028370

R. C. Wiens, R. O. Pepin, Laboratory shock emplacement of noble gases, nitrogen, and
carbon dioxide into basalt, and implications for trapped gases in shergottite EETA 79001.
Geochim. Cosmochim. Acta 52, 295-307 (1988). doi:10.1016/0016-7037(88)90085-3

D. Bogard, F. Horz, Shock-implanted noble-gases - An experimental-study with implications
for the origin of martian gases in shergottite meteorites. Meteoritics 21, 337 (1986).

R. O. Pepin, Meteorites: Evidence of martian origins. Nature 317, 473-475 (1985).
doi:10.1038/317473a0

R. O. Pepin, Evolution of the martian atmosphere. Icarus 111, 289-304 (1994).
doi:10.1006/icar.1994.1146

T. Owen, A. Bar-Nun, Comets, impacts, and atmospheres. Icarus 116, 215-226 (1995).
doi:10.1006/icar.1995.1122 Medline

P. R. Mahaffy, H. B. Niemann, A. Alpert, S. K. Atreya, J. Demick, T. M. Donahue, D. N.
Harpold, T. C. Owen, Noble gas abundance and isotope ratios in the atmosphere of
Jupiter from the Galileo Probe Mass Spectrometer. J. Geophys. Res. Planets 105, 15061
15071 (2000). doi:10.1029/1999JE001224

B. M. Jakosky, J. H. Jones, The history of martian volatiles. Rev. Geophys. 35, 1-16 (1997).
d0i:10.1029/96RG02903

J. Glmez-Elvira, C. Armiens, L. Castafier, M. Dominguez, M. Genzer, F. Gémez, R.
Haberle, A.-M. Harri, V. Jiménez, H. Kahanpaa, L. Kowalski, A. Lepinette, J. Martin, J.
Martinez-Frias, I. McEwan, L. Mora, J. Moreno, S. Navarro, M. A. Pablo, V. Peinado, A.
Pefia, J. Polkko, M. Ramos, N. O. Renno, J. Ricart, M. Richardson, J. Rodriguez-
Manfredi, J. Romeral, E. Sebastian, J. Serrano, M. Torre Juarez, J. Torres, F. Torrero, R.
Urqui, L. Vazquez, T. Velasco, J. Verdasca, M.-P. Zorzano, J. Martin-Torres, REMS:
The environmental sensor suite for the Mars Science Laboratory Rover. Space Sci. Rev.
170, 583-640 (2012). doi:10.1007/s11214-012-9921-1



http://dx.doi.org/10.1029/96JE03111
http://dx.doi.org/10.1006/icar.1994.1145
http://dx.doi.org/10.1023/A:1011974028370
http://dx.doi.org/10.1016/0016-7037(88)90085-3
http://dx.doi.org/10.1038/317473a0
http://dx.doi.org/10.1006/icar.1994.1146
http://dx.doi.org/10.1006/icar.1995.1122
http://dx.doi.org/10.1006/icar.1995.1122
http://dx.doi.org/10.1029/1999JE001224
http://dx.doi.org/10.1029/96RG02903
http://dx.doi.org/10.1007/s11214-012-9921-1

47. 1. A. Franchi, I. P. Wright, A. S. Sexton, C. T. Pillinger, The isotopic composition of Earth
and Mars. Meteorit. Planet. Sci. 34, 657-661 (1999). doi:10.1111/j.1945-
5100.1999.tb01371.x



http://dx.doi.org/10.1111/j.1945-5100.1999.tb01371.x
http://dx.doi.org/10.1111/j.1945-5100.1999.tb01371.x

Mars Science Laboratory (MSL) Science Team

Aalto University
Osku Kemppinen

Applied Physics Laboratory (APL) at Johns Hopkins University
Nathan Bridges, Jeffrey R. Johnson, Michelle Minitti

Applied Research Associates, Inc. (ARA)
David Cremers

Arizona State University (ASU)
James F. Bell Ill, Lauren Edgar, Jack Farmer, Austin Godber, Meenakshi Wadhwa, Danika
Wellington

Ashima Research
lan McEwan, Claire Newman, Mark Richardson

ATOS Origin
Antoine Charpentier, Laurent Peret

Australian National University (ANU)
Penelope King

Bay Area Environmental Research Institute (BAER)
Jennifer Blank

Big Head Endian LLC
Gerald Weigle

Brock University
Mariek Schmidt

Brown University
Shuai Li, Ralph Milliken, Kevin Robertson, Vivian Sun

California Institute of Technology (Caltech)

Michael Baker, Christopher Edwards, Bethany Ehlmann, Kenneth Farley, Jennifer Griffes, John
Grotzinger, Hayden Miller, Megan Newcombe, Cedric Pilorget, Melissa Rice, Kirsten Siebach,
Katie Stack, Edward Stolper

Canadian Space Agency (CSA)
Claude Brunet, Victoria Hipkin, Richard Léveillé, Genevieve Marchand, Pablo Sobrén Sanchez

Capgemini France
Laurent Favot



Carnegie Institution of Washington
George Cody, Andrew Steele

Carnegie Mellon University
Lorenzo Fliickiger, David Lees, Ara Nefian

Catholic University of America
Mildred Martin

Centre National de la Recherche Scientifique (CNRS)
Marc Gailhanou, Frances Westall, Guy Israél

Centre National d'Etudes Spatiales (CNES)
Christophe Agard, Julien Baroukh, Christophe Donny, Alain Gaboriaud, Philippe Guillemot,
Vivian Lafaille, Eric Lorigny, Alexis Paillet, René Pérez, Muriel Saccoccio, Charles Yana

Centro de Astrobiologia (CAB)

Carlos Armiens-Aparicio, Javier Caride Rodriguez, Isaias Carrasco Blazquez, Felipe Gomez
Gomez , Javier Gomez-Elvira, Sebastian Hettrich, Alain Lepinette Malvitte, Mercedes Marin
Jiménez, JesUs Martinez-Frias, Javier Martin-Soler, F. Javier Martin-Torres, Antonio Molina
Jurado, Luis Mora-Sotomayor, Guillermo Mufioz Caro, Sara Navarro Lopez, Veronica Peinado-
Gonzalez, Jorge Pla-Garcia, José Antonio Rodriguez Manfredi, Julio José Romeral-Planello,
Sara Alejandra Sans Fuentes, Eduardo Sebastian Martinez, Josefina Torres Redondo, Roser
Urqui-O'Callaghan, Maria-Paz Zorzano Mier

Chesapeake Energy
Steve Chipera

Commissariat & I'Energie Atomique et aux Energies Alternatives (CEA)
Jean-Luc Lacour, Patrick Mauchien, Jean-Baptiste Sirven

Cornell University
Alberto Fairén, Alexander Hayes, Jonathan Joseph, Robert Sullivan, Peter Thomas

CS Systemes d'Information
Audrey Dupont

Delaware State University
Angela Lundberg, Noureddine Melikechi, Alissa Mezzacappa
Denver Museum of Nature & Science

Julia DeMarines, David Grinspoon

Deutsches Zentrum fir Luft- und Raumfahrt (DLR)



Ginther Reitz

eINFORMe Inc. (at NASA GSFC)
Benito Prats

Finnish Meteorological Institute
Evgeny Atlaskin, Maria Genzer, Ari-Matti Harri, Harri Haukka, Henrik Kahanpaa, Janne
Kauhanen, Osku Kemppinen, Mark Paton, Jouni Polkko, Walter Schmidt, Tero Siili

GeoRessources
Cécile Fabre

Georgia Institute of Technology
James Wray, Mary Beth Wilhelm

Géosciences Environnement Toulouse (GET)
Franck Poitrasson

Global Science & Technology, Inc.
Kiran Patel

Honeybee Robotics
Stephen Gorevan, Stephen Indyk, Gale Paulsen

Imperial College
Sanjeev Gupta

Indiana University Bloomington
David Bish, Juergen Schieber

Institut d'Astrophysique Spatiale (IAS)
Brigitte Gondet, Yves Langevin

Institut de Chimie des Milieux et Matériaux de Poitiers (IC2MP)
Claude Geffroy

Institut de Recherche en Astrophysique et Planétologie (IRAP), Université de Toulouse
David Baratoux, Gilles Berger, Alain Cros, Claude d’Uston, Olivier Forni, Olivier Gasnault,
Jérémie Lasue, Qiu-Mei Lee, Sylvestre Maurice, Pierre-Yves Meslin, Etienne Pallier, Yann
Parot, Patrick Pinet, Susanne Schroder, Mike Toplis

Institut des Sciences de la Terre (1STerre)
Eric Lewin

inXitu



Will Brunner

Jackson State University
Ezat Heydari

Jacobs Technology
Cherie Achilles, Dorothy Oehler, Brad Sutter

Laboratoire Atmosphéres, Milieux, Observations Spatiales (LATMOS)
Michel Cabane, David Coscia, Guy Israél, Cyril Szopa

Laboratoire de Géologie de Lyon : Terre, Planete, Environnement (LGL-TPE)
Gilles Dromart

Laboratoire de Minéralogie et Cosmochimie du Muséum (LMCM)
Francois Robert, Violaine Sautter

Laboratoire de Planétologie et Géodynamique de Nantes (LPGN)
Stéphane Le Mouélic, Nicolas Mangold, Marion Nachon

Laboratoire Génie des Procédés et Matériaux (LGPM)
Arnaud Buch

Laboratoire Interuniversitaire des Systemes Atmosphériques (LISA)
Fabien Stalport, Patrice Coll, Pascaline Francois, Francois Raulin, Samuel Teinturier

Lightstorm Entertainment Inc.
James Cameron

Los Alamos National Lab (LANL)
Sam Clegg, Agnés Cousin, Dorothea DeLapp, Robert Dingler, Ryan Steele Jackson, Stephen
Johnstone, Nina Lanza, Cynthia Little, Tony Nelson, Roger C. Wiens, Richard B. Williams

Lunar and Planetary Institute (LPI)
Andrea Jones, Laurel Kirkland, Allan Treiman

Malin Space Science Systems (MSSS)

Burt Baker, Bruce Cantor, Michael Caplinger, Scott Davis, Brian Duston, Kenneth Edgett,
Donald Fay, Craig Hardgrove, David Harker, Paul Herrera, Elsa Jensen, Megan R. Kennedy,
Gillian Krezoski, Daniel Krysak, Leslie Lipkaman, Michael Malin, Elaina McCartney, Sean
McNair, Brian Nixon, Liliya Posiolova, Michael Ravine, Andrew Salamon, Lee Saper, Kevin
Stoiber, Kimberley Supulver, Jason Van Beek, Tessa Van Beek, Robert Zimdar

Massachusetts Institute of Technology (MIT)
Katherine Louise French, Karl lagnemma, Kristen Miller, Roger Summons



Max Planck Institute for Solar System Research
Fred Goesmann, Walter Goetz, Stubbe Hviid

Microtel
Micah Johnson, Matthew Lefavor, Eric Lyness

Mount Holyoke College
Elly Breves, M. Darby Dyar, Caleb Fassett

NASA Ames

David F. Blake, Thomas Bristow, David DesMarais, Laurence Edwards, Robert Haberle, Tori
Hoehler, Jeff Hollingsworth, Melinda Kahre, Leslie Keely, Christopher McKay, Mary Beth
Wilhelm

NASA Goddard Space Flight Center (GSFC)

Lora Bleacher, William Brinckerhoff, David Choi, Jason P. Dworkin, Jennifer Eigenbrode,
Melissa Floyd, Caroline Freissinet, James Garvin, Daniel Glavin, Andrea Jones, David K.
Martin, Amy McAdam, Alexander Pavlov, Eric Raaen, Michael D. Smith, Jennifer Stern,
Florence Tan

NASA Headquarters
Michael Meyer, Arik Posner, Mary Voytek

NASA Jet Propulsion Laboratory (JPL)
Robert C, Anderson, Andrew Aubrey, Luther W. Beegle, Alberto Behar, Diana Blaney, David

Brinza, Fred Calef, Lance Christensen, Joy A. Crisp, Lauren DeFlores, Bethany Ehlmann, Jason
Feldman, Sabrina Feldman, Gregory Flesch, Joel Hurowitz, Insoo Jun, Didier Keymeulen, Justin
Maki, Michael Mischna, John Michael Morookian, Timothy Parker, Betina Pavri, Marcel
Schoppers, Aaron Sengstacken, John J. Simmonds, Nicole Spanovich, Manuel de la Torre
Juarez, Ashwin R. Vasavada, Albert Yen

NASA Johnson Space Center (JSC)
Paul Douglas Archer, Francis Cucinotta, Douglas Ming, Richard V. Morris, Paul Niles, Elizabeth
Rampe

Nolan Engineering
Thomas Nolan

Oregon State University
Martin Fisk
Piezo Energy Technologies

Leon Radziemski

Planetary Science Institute



Bruce Barraclough, Steve Bender, Daniel Berman, Eldar Noe Dobrea, Robert Tokar, David
Vaniman, Rebecca M. E. Williams, Aileen Yingst

Princeton University
Kevin Lewis

Retired
Timothy Cleghorn, Wesley Huntress, Gérard Manhes

Salish Kootenai College
Judy Hudgins, Timothy Olson, Noel Stewart

Search for Extraterrestrial Intelligence Institute (SETI 1)
Philippe Sarrazin

Smithsonian Institution
John Grant, Edward Vicenzi, Sharon A. Wilson

Southwest Research Institute (SwRI)
Mark Bullock, Bent Ehresmann, Victoria Hamilton, Donald Hassler, Joseph Peterson, Scot
Rafkin, Cary Zeitlin

Space Research Institute

Fedor Fedosov, Dmitry Golovin, Natalya Karpushkina, Alexander Kozyrev, Maxim Litvak,
Alexey Malakhov, Igor Mitrofanov, Maxim Mokrousov, Sergey Nikiforov, Vasily Prokhorov,
Anton Sanin, Vladislav Tretyakov, Alexey Varenikov, Andrey Vostrukhin, Ruslan Kuzmin

Space Science Institute (SSI)
Benton Clark, Michael Wolff

State University of New York (SUNY) Stony Brook
Scott McLennan

Swiss Space Office
Oliver Botta

TechSource
Darrell Drake

Texas A&M
Keri Bean, Mark Lemmon

The Open University
Susanne P. Schwenzer

United States Geological Survey (USGS) Flagstaff



Ryan B. Anderson, Kenneth Herkenhoff, Ella Mae Lee, Robert Sucharski

Universidad de Alcala )
Miguel Angel de Pablo Hernandez, Juan José Blanco Avalos, Miguel Ramos

Universities Space Research Association (USRA)
Myung-Hee Kim, Charles Malespin, lanik Plante

University College London (UCL)
Jan-Peter Muller

University Nacional Autonoma de México (UNAM)
Rafael Navarro-Gonzalez

University of Alabama
Ryan Ewing

University of Arizona
William Boynton, Robert Downs, Mike Fitzgibbon, Karl Harshman, Shaunna Morrison

University of California Berkeley
William Dietrich, Onno Kortmann, Marisa Palucis

University of California Davis
Dawn Y. Sumner, Amy Williams

University of California San Diego
Gunter Lugmair

University of California San Francisco
Michael A. Wilson

University of California Santa Cruz
David Rubin

University of Colorado Boulder
Bruce Jakosky

University of Copenhagen
Tonci Balic-Zunic, Jens Frydenvang, Jaqueline Klgvgaard Jensen, Kjartan Kinch, Asmus
Koefoed, Morten Bo Madsen, Susan Louise Svane Stipp

University of Guelph
Nick Boyd, John L. Campbell, Ralf Gellert, Glynis Perrett, Irina Pradler, Scott VanBommel



University of Hawai'i at Manoa
Samantha Jacob, Scott Rowland

University of Helsinki
Evgeny Atlaskin, Hannu Savijarvi

University of Kiel
Eckart Boehm, Stephan Béttcher, Sénke Burmeister, Jingnan Guo, Jan Kohler, César Martin
Garcia, Reinhold Mueller-Mellin, Robert Wimmer-Schweingruber

University of Leicester
John C. Bridges

University of Maryland
Timothy McConnochie

University of Maryland Baltimore County
Mehdi Benna

University of Maryland College Park
Hannah Bower, Anna Brunner

University of Massachusetts
Hannah Blau, Thomas Boucher, Marco Carmosino

University of Michigan Ann Arbor
Harvey Elliott, Douglas Halleaux, Nilton Rennd

University of New Brunswick
Beverley Elliott, John Spray, Lucy Thompson

University of New Mexico
Suzanne Gordon, Horton Newsom, Ann Ollila, Joshua Williams

University of Queensland
Paulo Vasconcelos

University of Saskatchewan
Jennifer Bentz

University of Southern California (USC)
Kenneth Nealson, Radu Popa

University of Tennessee Knoxville
Linda C. Kah, Jeffrey Moersch, Christopher Tate



University of Texas at Austin
Mackenzie Day, Gary Kocurek

University of Washington Seattle
Bernard Hallet, Ronald Sletten

University of Western Ontario
Raymond Francis, Emily McCullough

University of Winnipeg
Ed Cloutis

Utrecht University
Inge Loes ten Kate

Vernadsky Institute
Ruslan Kuzmin

Washington University in St. Louis (WUSTL)
Raymond Arvidson, Abigail Fraeman, Daniel Scholes, Susan Slavney, Thomas Stein, Jennifer
Ward

Western University
Jeffrey Berger

York University
John E. Moores





