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Introduction: Nitrates (N@ ) have been detected NO; in the absence and presence of chlorates and per-
in lacustrine sediments and eolean samples at Galechlorates in order to identify these species inrtuks
crater examined by the SAM instrument onboard the that have been investigated by SAM during the Curi-
NASA Curiosity rover [1-5]. N@ thermally decom-  osity rover’s traverse from Yellowknife Bay to the
poses in the SAM oven releasing nitric oxide (N®) a Murray and Stimson formations.

characteristic temperatures which is then transferr Materialsand M ethods:

with a helium flow into the quadrupole mass speutro Laboratory —experiments. A thermal analyzer
eter where it is detected and quantified [6-7].riggity ~ (Netzsch STA 449 F1 Jupiter Simultaneous TG/DSC)
has drilled fifteen sedimentary rocks during itsaLkm coupled to a mass spectrometer (Netzsch QMS 403 C

traverse up until Sol 1905 (December 15, 2017). A€olos) was used in the laboratory to heat samypges
Twelve of these rocks have been investigated by SAM 10 850°C at a rate of 35°C/min under a darrier gas
from the lowest stratigraphic unit Sheepbed mudston flow rate of 2 crﬁ{mm and at an oven pressure of 35
encountered in Yellowknife Bay to the Murray and mbar. Severgl mixtures of chlorates, perchloratés,
Stimson formations located at the base of Aeolisdlo  trates, and nitrites salts were analyzed and theltse
The highest concentration of NOs found at Yellow- were used to assist in SAM data interpretation.

knife bay and decreases with elevation gain irsthe- SAM measurements.  The details of the SAM in-
igraphic record of Aeolis Mons [8]. Several energy Strument suite have been previously described [A4].

sources could have contributed to the production of sieved (<15mm) rock powd_er was dehvereq in single
NO;  found at Gale crater, such as ultraviolet light, (76 mnf) or tn_ple portions |nto_(_)ne of SAM's quartz-
cosmic rays, lightning, volcanic lightning, and idlel Q'ass cups, Wh'Ch was preconditioned before themxp
impacts, among others [9]. However, a hydroges) (H iment by he.atlng to >8FJO: _under a flow of He and
rich atmosphere arising from volcanic emissions is @CtiVe PUmMping by SAM's wide-range pumps. After the
required to yield sufficient NO by bolide impacts t sample was recglved, the quartz cup was -sealedblln&
explain the high levels of NQ detected in the mud- a SAM pyron;us oven. During the nommlal solid-
stone sediments encountered in Yellowknife Bay [8]. sample e}nalys!s mode, evolved gas analysis was per-
NO in the Martian atmosphere was converted into form_ed, in which the quadrupole mass spectrometer
nitroxyl (HNO) by its reaction with hydrogen atoms continuously analyzes the gases released from sampl

- . . heated from Mars ambient 8870 °C at 35 °C/min
arising from the photolysis of water ok Hccording to
reactign 1 [10]: P 4 b g under a~0.8 cni He flow and a pressure 625 mbar

in the pyrolysis oven.
NO + H - HNO (1) n en. oo
Because HNO is readily soluble in water, it was- eff Results and Discussion: We investigated the ther-

ciently carried by rainout onto the Martian surface mal stability Ef Nz" K-, Mg-, Ca, I'—zénictrates, and
where it dissociated and formed,®{" species that Na'n't”é? in the aé+sence or presence of Na-, Kg-M
rapidly decayed into NQ, nitrites (NQ), and nitrous & F€  and Fe&-perchlorates and Mg-, and Ca-
oxide (NO) [11-12]. NO escaped to the atmosphere chlorates py monitoring the NO released durlpg—ther
where it was subsequently destroyed back tamd Q mal anal¥3|s coupl_ed to mass spectrometry (Figre 1
[13]. Consequently, it is expected that both Nénd Both NO,” and NQ" decompose releasing NO at lower
NO,” were deposited at Gale crater in the presence of a2nd higher temperatures, respectively that areachar
H,-rich atmosphere. The purpose of this work is to teristic depending on the cation present. Thfa_ e
determine the thermal properties of both N@nd of perchlorate / chlorates results in a reduciioithe
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Figure 1. Nitric oxide (NO) evolution for the thermal treagnt
of nitrates (a), and nitrites (b) under SAM-likenditions, and sed-
imentary facies (c and d) measured by SAM alongsthetigraphic
column from the Yellowknife Bay to the Stimson fations. The
characteristic temperatures for the evolution of W@ shown for
pure nitrate (a) or nitrite (b) standards, as aslfor the mixtures of
nitrates (10%) or nitrites (10%) in the presence different
oxychlorine species (90%) in the form perchloragesl chlorates
(a,b). The temperature range shown in these papelesponds to
the average peak widths of the NO signals at 758k peight for
the different nitrates/nitrites studied in the prese of a given per-
chlorate/chlorate salt. The sedimentary faciesyaedl were deliv-
ered to SAM in single[76 mn?) or triple (3X) portions from the
lower to the upper stratigraphic column: John KIgIK), Cumber-
land (CB), Windjana WJ), Confidence Hills (CH), Meog (MJ),
Telegraph Peak (TP), Buckskin (BK), Big Sky (BS)ie@horn
(GH), Oudam (OU), Marimba (MB), and Quela (QL). eETBAM
data shown in panels ¢ and d has been normalizeidgte portions.
The Quela sample remained inside SAM for over 26 $efore
analysis, and had HCHO from MTBSTFA. Thereforeitiiensity of
NO was corrected to remove this interference bgctof 0.58.
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temperature of decomposition of NGand NQ, and
the characteristic temperature of evolution of NO i
determined by the cation present in the oxychlorine
species, and not in the nitrate. Both N@nd NQ™ are
extremely labile in the presence of iron(ll) od)lper-
chlorates decomposing at temperatures below @70
However, in the presence of magnesium and calcium
chlorates or perchlorates, NOdecomposes below
400°C while NO;” decomposes above this tempera-
ture. Figure 1 also shows the NO releases of ihe d
ferent sedimentary facies analyzed by SAM from the
lower to the upper stratigraphic column (panelsnd a
d). Interestingly the samples from lowest strajtic
sections (JK and CB) showed NO releases below
400°C but at higher layers the NO release gradually
shifted to higher temperatures. All these samples
showed the release of oxygen that is consisteht thvé
presence of Mg- and Ca-chlorates and/or perchierate
[5]. Consequently the NO release below 4D0Gsug-
gests the presence of MQor both NQ™ and NQ" in
the lowest stratigrahic column and above “4DQhe
presence of N@ in the highest layers. There are other
phases that could affect the nitrate/nitrite decosip
tion. These results provide clues into the shiftthaf
atmosphere from reducing, when NO was converted
into NO,” and NQ™ (reactionl), to oxidizing, when NO
was converted to N according to reaction 2 and 3:
NO + O - NGO, (2

NO, + OH - HNGO; (3)
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