INVESTIGATING THE ORIGIN AND EVOLUTION OF VENUS WITH IN SITU MASS SPECTROMETRY
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Venus Exploration Goals Summary
| Noble gas abundances for Earth, Fractionation of Xe isotopes in the . Und dine Venus’ oricin and
The 2010 Planetary Sci Secadal S Ve J Mars, Venus, chondrites, and the Sun Solar System nderstanding Venus' origin an
e anetary Sciences Decadal Survey - Visions an . evolution is a high priority goal both
Voyages* - highlights several scientific questions for which - redicted sola for Venus exploration and for
. . Solar E
Venus is a fundamental exploration target. < | , ,
_ " SLoyews = chondrites Jovian Xe understanding the history of the
#3: What governed the accretion, supply of water, relative lo soiar E % from GPMS : |
: : . - : Log of (M/10° Si) =
chemistry, and internal differentiation of the inner _ TS, k= Inner solar system.
planets and the evolution of their atmospheres, - = Venus? » Noble gases and their isotopes
and what roles did bombardment by large . s 1.00 - : g :
orojectiles play? yiafs 5 “The [noble gas] record for Earth and Mars, particularly [ < provide insight into how the
#5 Did Mars or Venus host ancient agueous What i o e lete the broad hist £ ol t = Earth Xe |
. . ; g o ' . .
environments conducive to early life, and is there cEAS FUSINE M ACOIMPIETE RS ) O AMISTOREOT PIRERATY D4 126 128 130 132 134 136 geologic events throughout their
evidence that life emerged? atmospheres throughout the inner solar system are ‘vevolution
” i *
#9 Can understanding the roles of physics, accurate measurements for Venus. The heavy noble gas Xe with its 9 isotopes provides e A t ts of bl
! Ol BAKSIC K. H. Baines et al. (2013) ' ccurate measurements of noble
chemistry, geology, and dynamics in driving | - l N .I : a'neske ?I : 4 the best record of early planetary processes. If | A y ded t
planetary atmospheres and climates lead to a . Xenon in Comparative Climatology of Terrestrial Planets, Mackwell et al eds. ~ yenys’ Xe is mass fractionated as it is on Earth and *  8dSES 0N Venus are needed 1o
better understanding of climate change on Earth? Mars, this would'support 2 T O‘f | complete this picture for the inner
Enhanced abundances for Ne and Ar on Venus as compared to Earth and volatiles for the inner solar system.* If Venus’ Xe is OI t
« Addressing the origin and evolution of Venus’ atmosphere is a Mars may indicate loss of original atmospheres from those planets, and/ not mass fractionated (as on Jupiter) this would 4 solar system.
long-standing high priority investigation? » | orenhanced delivery of these noble gases to Venus. The poorly suggest early atmospheric loss for Earth and Mars.” * This c}'n be accomplished as part of
| constrained Kr and Xe abundances (aqua region) do not allow distinction d .t i heric i tioat
* Noble gas mixing ratios and isotope abundances are key to * | from solar system objects. From Baines et al.%, after Pepin et al.1? fpand U atmospneric Investigation
deciphering the early and later history of planets (see “Origin of |~ ~ T T , NN ‘ EAEET "N\ " . W . : é USIng ight-proven technology and
Terrestrial Planets”, above right).
g Instrumental Techniques used on Jupiter and Mars can be adapted for Venus demzﬂstrated enrichment
* Such studies are only possible through in situ measurement £ P'ﬁ tech iques
. " - Enr'Chment Statlc Mass SpECtromEtry _ SampIeWIthja:Othi(:zlsrz:;\;ese(tf;:nifi’: , Su(icces ul m|SS|OnS Such aS GPMS at
* Previous attempts have been challenged by low abundances and [* 0% W |
the limitations within the harsh Venus environment * Enrichment of trace noble gases is needed to enhance the signal  Static mass spectrometry, in which the mass : | 1/ Residual CO; i '.'Jup|ter nhd MSL/SAM at Mars,
and secure the required measurements with adequate precision spectrometer is isolated from the pump and 3 ‘ -
. - i AR K _ _ _ _ z videeuidance towards the best
Table: Despite _Succesifm p:roje mIfSSIOI:r)lls In the 19sz|<$ anol 13'80_5' :cchere e Galileo Probe Mass Spectrometer (GPMS) demonstrated only reactive species are pumped with a . I*
are many gaps th 0Ur KnOWIEUgE 0T NORIEEases N b S . comprehensive analysis of noble gases in Jupiter’s atmosphere chemical getter, is the preferred method for 'nStru ntal approaches to adapt
| Previous Measurement ?. by ingesting and processing atmospheric gas during a brief laboratory analysis of noble gases. .a future in situ Venus mission.
Species Value + eb SpaggerqtireiSrercamg) | A residence time, consistent with the Pioneer Venus and Venera e SAM has demonstrated high sensitivity using |
EUVE (3); Probes (~1 hr.) static MS and semi-static MS.14/ - )
0 v g - ’ " . . ot
He 9 ppm 67% model dependent e The groundbreaking GPMS measurements were acquired with * The enrichment in noble gas atoms in the Acknowledgments
3He/*He not measured ] ) < 10 minutes of MS time:1%13 analyzer enables the quantitative 5
) PV MIS, Ven. 11/12 MS (4); determination of isotopic ratios with excellent AD funding for laboratory testing
Ne /ppm 3% recommended Galileo Probe Galileo Probe Mass Spectrometer precision in a short amount of time:
Entry into Two Enrichment Cells (EC) were used to secure | h
20Ne/22Ne 11.8 6% PV MS (5) Jupiter’s - measurements of noble gas mixing ratios and isotope Static mode t MSI—/SAM results Supported by the
Atmosphere: . | abundances performance of the - Fphisrmis e e T A Mars Science Laboratory Project
“Ne/*’Ne not measured i r ‘ December 7, 1995-|  EC1. T SAM QMS during g s
PV MS & GC, Ven. 11/12 moes . - calibration e Laboratory tests with a gas enrichment breadboard
Ar 70 ppm 36% MS (4)%ecommended IS. . |ppi o G.PS 8'894 59'5.6 ; demenotratos ‘ g system and commercial MS show successful
) nitial Froces — isotopic < enrichment and measurement of a Venus-like gas §
36Ar 31 ppm 39Y% PVMS;e\/Ci%;qle/,};el(\jﬂs (4); .' | (Majoree _S (H) measurements of mixture, with 100 ppb each of Kr and Xe. The bottom / REfe rences
T ieved in~ 120 130 131 132 t t tured in static MS mode duri . . .
40Ar/36Ar 1.13 15% (6,7) Trap PRy A S, the Decade 2013-2022, National Academies Press,
36 /38 0 ’ ’J — The approach of atmospheric enrichment and o S Washington, DC.
Ar/3*Ar 5.56 11% PV MS (6) Temperatul_ll'|e\| fGor trapping ol q0°c - 15°C staticri\sl) e succpess Ailly peffdtmed or — - zunr]igzit% eSrgiffS Out History of Martian 2. VEXAG (2014) Goals, Objectives, and Investigations for
Kr 50 or 700 ppb 50% Ven. 11/2 MS, PV MS (4) — . : i W it Venus Exploration.
= ' B MS Integration time for HNG 7.8 min 7.4 min Mars by SAM, as highlighted in a recent =1L NASA's Curiiiristyaffver is using a new experiment to better 3. Krasnopolsky and Gladstone (2005), Icarus, 176: 395-407.
86Kr/34Kr not measured - ' press release - 01 April 2015. BN understand the history of the .. 4. von Zahn et al. (1983) in Venus, Hunten et al eds
82 84 - . . : R - _ ’ ’
Kr/"Kr | not measured - \ The Mars Science Laboratory (MSL) Sample Analysis at Mars (SAM) Quadrupole MS benefits from improvements to the enrichment process, . [2)99 450. ¢ al. (1986) . 165910
: : " j . ’ . . . . . Donahue et al. carus, 66: 195-210.
Xe not measured i - pumping throughput, and instrument sensitivity over GPMS and Pioneer Venus MS.* Strategic enrichment of trace isotopologues with semi-static 6. Hoffman et al. (1980) JGR, 85: 7882-7890.
"Xe/132Xe not measured - - MS has allowed sub-picomole to nanomole abundances to be measured on Mars (see Ar and N, below). 7. Istomin et al. (1980) Space Research, 20: 215-218.
N 3.5%, 239, PV MS & GC, Ven. 11/12 The SAM QMS made the first measurements of 3°Ar/34Ar on Mars by 14N/I5N = 173 £6% 8. Hoffman et al. (1979) Science, 205: 49-52.
2 ' MS (4) 2 scrubbing CO, and progressively enriching the abundance of Ar in the MSL/SAM 9. Baines etal. (2013) in Comparative Climatology of
14N /15N 273 17-25% PV MS (4.8) ~ % sample. This measurement provides excellent evidence that “Mars” Direct atmospheric MSL/SAM MSL/SAM Terrestrial Planets, eds. Mackwell et al., pp. 137-160.
. » o meteorites are indeed of Martian origin, and it points to a significant Enrichment Enrichment 10. Pepin (2006) Earth Planet. Sci. Lett., 252: 1-14.
% % loss of argon of at Iea.st 50% and pe.rhaps as high as 85-95% from ;cshe ‘ Viking (dynamic) (semi-static) 11. Zahnle (1993) In Protostars and Planets IIl, eds. Levy et
i § atmosphere of Mars in the past 4 billion years. From Atreya et al. Aeroshell MS al., pp. 1305-1338.
MS = Mass . - : . i _
Spectrometer These same enrichment runs in the SAM QMS secured high precision ‘ 12. NIeLnE:\CPn et ?l' (1932) Space SC:I' Rev., 60: 111-142.
= N, isotope values and improvements over previous measurements 13. Mahafty et al. (2000) JGR, 105: 15061-15071.
GC = Gas = with Viking or SAM without enrichment. In semi-static mode the 14. Mahaffy et al. (2012) Space Sci Rev, 170: 401-478.
Chromatograph " pumping rate out of the QMS is reduced and the nitrogen signal to 15. Atreya et al. (2013) GRL, doi: 10.1002/2013GL057763
Ao Surface | . y 13 - M A ™ background level is enhanced by orders of magnitude. From Wong et | 200 16. Wong et al. (2013) GRL, 40: 6033-6037.
EXtreme UltraViO|et Pioneer VenUS (PV) (Vl::]_?/(i/eer:]r_?caagmeefasr;gnrpcapsec?lde':ca)t deploy) Average m/z 36 QMS Signal (counts x103) a|'16 Slgnal to baCkground Ievel 17. Farley et al. (2014) SCIence, 343. 6169.
Explorer (EUVE) Multiprobe

Background image: Hemispheric View of Venus with Magellan MIDRs Centered at 90° East Longitude. Credit: NASA/JPL/USGS, 1998-06-04.



