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Table 1 Chemical composition and formula of synthesized jarosite
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K-BL - - - 13.30 6.83 27.54 54.00  KossFer35(S04)2(OH)s 05
SOT B Br- # £k L
Br-01 8:1 5.34 - 13.35 7.17 27.36 21.65  KossFeass(SOx)2(OH)s 62Bro 32
Br-02 6:1 6.34 - 13.60 7.25 27.25 21.97  KogrFea30(SOx)2(OH)s 40Bro 37
Br-03 4:1 8.04 - 13.20 7.26 19.36 23.09  KogoFer 6s(SOx)2(OH)1 47Bro.
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Br.CI-05 8:4:2 7.66 0.15 13.05 7.49 26.49 27.32 KopoaFer3(S04)2(OH)s.44Bro.a71Clo.oo
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Figure 1 The correlation of Br and CI contents in synthesized jarosite and their concentrations in initial solutions. (a) The relationship between Br
content in jarosite and initial Br™ in solution; (b) the relationship of Cl content in jarosite and initial CI” in solution. The analytical errors of Br™ and CI”
are 1.19% and 2.46%, respectively. The errors are not marked on the figure since they are ranged less than the data points
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Figure 2 The relationship between distribution coefficients of Br and Cl in jarosite-solution system and their initial concentrations in solutions. (a)
The relationship between distribution coefficient Dg, and initial Br~ concentration in solution; (b) the relationship between distribution coefficient D¢
and initial CI” concentration in solution. The analytical errors of Br™ and CI™ are 1.19% and 2.46%, respectively. The errors are not marked on the figure
since they are ranged less than the data points
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Figure 3 XRD patterns of synthesized jarosite in this study. (al)—(a3) Br-jarosite; (b1)—(b3) Br,Cl-jarosite; (c1)—(c3) Cl-jarosite. The XRD patterns of
each category of jarosite were divided into three continuous parts. (al)—(cl) 26=14°~19°; (a2)—(c2) 26 =28°~33°; (a3)—(c3) 26 =45°~51°. In each
figure, the top one is halogen free sample (blank), the following halogen bearing samples containing increasing Br and Cl contents from top to bottom
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Figure 4 Raman spectra of synthesized jarosite in this study. (al)—(a3) Br-jarosite; (b1)—(b3) Br,Cl-jarosite; (c1)—(c3) Cl-jarosite. Raman spectra of
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each category of jarosite were divided into three parts. (al)—(cl) Raman shift range 100~700 cm™, represent the fundamental vibration of jarosite;
(a2)—(c2) Raman shift range 950-1250 cm™', represent the sulfate radical information of jarosite; (a3)—(c3) Raman shift range 3300-3500 cm™', repre-
sent hydroxyl and water information of jarosite. In each figure, the top one is halogen free sample (blank), the following halogen bearing samples con-

taining increasing Br and Cl contents from top to bottom
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Figure 5 SEM images for morphology of synthesized jarosite. (a) Sample Br-01; (b) sample Br-04; (c) sample Br,Cl-01; (d) sample Br,CI-05; (e)
sample Cl-01; (f) sample Cl-04; (g) blank sample K-BL. (a)—(f) Halogen bearing jarosite, and they prefer to be agglomerate with little conical crystal
faces. (g) Halogen free jarosite in well tetragonal bipyramid or trigonal bipyramid
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Table 2 Fractions of Br/Cl ratios between Br,Cl-jarosite solids and
initial solutions
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Br,Cl-01 0.05 4.06 76.55
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Br,Cl-04 0.52 29.76 57.33
Br,Cl-05 1.05 52.09 49.51
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Figure 6 Correlation of Br/Cl ratios between synthesized jarosite and initial solutions. The blue points are experimental data of this study, the red
points are Mars in situ analyses obtained by opportunity rover. We use the bulk rock composition data of Meridiani Planum outcrop as the “Br/Cl ratio
in initial solution” to substitute into the equation. Data point [1] sets Br/Cl ratio of initial solution as 0.001 which represents the lowest Br/Cl ratio in
Meridiani Planum on Mars; data point [2] sets Br/Cl ratio in initial solution as 0.006 which represents the Br/Cl ratio of bulk Mars; data point [3] sets
Br/Cl ratio in initial solution as 0.01 which represents the average Br/Cl ratio in Meridiani Planum on Mars. According to our observation of enrich-
ment of Br over Cl during jarosite precipitation, Br/Cl ratio of initial brine which generates the Burns formation, should be lower than that of measured
in the outcrop

468



F14) B A L T 0 A LA 07 i B X B RN C 1) ¢ i
B2 T, MELAE— 25 R B X Burns 2 i FE
i HP R G B U Bl ) TR

gifmie, AT R, AR MR KA T
P R DT AL A R Br/CLLE A fB I, BR T % 78
I W o R AN, 18T P R T B Brilt ot A
X — R .

3 i
3 3 25 °C T A AR T AR B £k 1 5 s, 1T LA AL

Z Y ELA Br FAICI R BEBR B 00 S AP AR AN, 7 AP R A
A B MICT A AR AN ] 1 40 B 47 R, B Br i

553k

T T E A [ 05 CU{8 1) T B A7 AR 7 0 . e A )
IEVRER, HEA BRI A Br L C1 i 2920 B0 41
HBr FICIAF TR G, Brox W] 2 TI0 o8 2k
BLXTCIBI A . & LAY B BPERIALAS fh B2 8 hy, P
JE T WIBr MICI 32 2052 Wi B A0 Bk AL ISR B9 2 A3
B, IFABUES W) B HEAR S A B A B RR AR . B
PERAIL AP B Br/CLULE B W IR I O 292 B0 2. K
B OF R SRR BB R B BT A TR
Br/ClHA{EL Y728 A AN B 52 3] 1 £h 28 K DLFE YR I, ide
] fE 32 B BCA e P R B R (191 B AT AR AR DL e
Abeey IR o AN NG R /R TSRl R
TENE R HS b AR, A Frdt— DTS

1 Grotzinger J P, Arvidson R E, Bell J F, et al. Stratigraphy and sedimentology of a dry to wet eolian depositional system, Burns formation,

Meridiani Planum, Mars. Earth Planet Sci Lett, 2005, 240: 11-72

2 Klingelhofer G, Morris R V, Bernhardt B, et al. Jarosite and hematite at Meridiani Planum from Opportunity’s Mdssbauer spectrometer.

Science, 2004, 306: 1740-1745

3 Morris R V, Klingelhofer G, Schroder C, et al. Mdssbauer mineralogy of rock, soil, and dust at Meridiani Planum, Mars: Opportunity’s

journey across sulfate-rich outcrop, basaltic sand and dust, and hematite lag deposits. J Geophys Res, 2006, 111: E12S15, doi: 10.1029/

2006JE002791

4 Rieder R, Gellert R, Anderson R C, et al. Chemistry of rocks and soils at Meridiani Planum from the Alpha Particle X-ray Spectrometer.

Science, 2004, 306: 1746-1749

5 Clark B C, Morris R V, McLennan S M, et al. Chemistry and mineralogy of outcrops at Meridiani Planum. Earth Planet Sci Lett, 2005,

240: 73-94

6 Zhao Y Y S, McLennan S M, Schoonen M A A. Behavior of bromide, chloride, and phosphate during low-temperature aqueous Fe(II)

oxidation processes on Mars. J Geophys Res, 2014, 119: 998-1012

7 McLennan S M, Bell J F, Calvin W M, et al. Provenance and diagenesis of the evaporite-bearing Burns formation, Meridiani Planum,

Mars. Earth Planet Sci Lett, 2005, 240: 95-121

8 Squyres S W, Grotzinger J P, Arvidson R E, et al. In situ evidence for an ancient aqueous environment at Meridiani Planum, Mars. Sci-

ence, 2004, 306: 1709-1714

9 Marion G M, Catling D C, Kargel J S. Br/Cl partitioning in chloride minerals in the Burns formation on Mars. Icarus, 2009, 200:

436-445

10  Sefton-Nash E, Catling D C. Hematitic concretions at Meridiani Planum, Mars: Their growth timescale and possible relationship with

iron sulfates. Earth Planet Sci Lett, 2008, 269: 366-376

469



4% % B # 2018428 £63% £4H

Summary for 2 EkALHIR FAEL M7 Foxt K BIURE BE R

Partitioning behavior of Br and Cl during jarosite precipitation
and its implications for sedimentary rock on Mars

Rui Chang'” & Yuyansara Zhao'"

! Center for Lunar and Planetary Sciences, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081, China;
2 University of Chinese Academy of Sciences, Beijing 100049, China
* Corresponding author, E-mail: zhaoyuyan @mail.gyig.ac.cn

National Aeronautics and Space Administration (NASA)’s Opportunity rover landed at Meridiani Planum on Mars in
2004, and discovered the first sedimentary record on Mars called Burns formation. The detection of magnesium- and
iron- sulfates, jarosite (KFe;(SO,4),(OH)s), and hematite (Fe,O;) in the outcrop of Burns formation indicates that aqueous
activities have been once present in this region. The Alpha Particle X-ray Spectrometer (APXS) onboard the rover
detected enrichment of elemental Br in rock and soil samples which varied by three orders of magnitude, and primarily
controlled the variations of Br/Cl ratios in these samples. Although aqueous related processes have been suggested to
explain the enrichment of Br, the speciation of Br and the mechanisms for Br variations are poorly constrained. Jarosite
has been reported to be able to preferentially incorporate Br™ over CI” during precipitation, and result in Br enrichment
and Br/Cl fractionation. However, the partitioning behavior of Br~ and CI™ during jarosite formation and how the
incorporation of halogens would influence properties of jarosite are not well known. In this work, we synthesized a series
of halogen bearing jarosite with Br~ and CI” concentration gradients by oxidation of ferrous sulfate at room temperature.
After synthesis, we used X-ray diffraction (XRD), Raman spectrometer, infrared spectrometer (IR), scanning electron
microscope (SEM) to analyze structure information and surface morphology of jarosite solids. Anion and cation
concentrations in solution and solid were analyzed by ion chromatography (IC), atomic absorption spectrophotometer
(AAS) and X-ray fluorescence (XRF). Our work shows that Br and CI contents in the synthesized jarosite are positively
correlating with its initial concentrations in solutions. Starting at the same concentrations in solution, incorporation of Br~
in jarosite is about two orders of magnitude higher than that of CI". Coexisting Br™ can significantly interfere with C1~
partitioning into jarosite. The distribution coefficients of Br~ and CI™ are negatively correlated with their initial
concentrations in solutions, and in the Br™ and CI™ coexisting setting, the distribution coefficients of C1” decrease as the
initial Br~ concentration increase in the solution. Therefore, during precipitation of jarosite, Br~ prefers to participate into
jarosite while CI™ prefers to remain in solution. Incorporation of halide anions into jarosite directly affected the range of
hydroxyl and water in Raman spectra, indicating that Br™ and CI” substitute for OH position in jarosite without changing
its fundamental structure. We calculated that in our experiment settings, Br/Cl ratios in jarosite are about two orders of
magnitude higher than that of initial solutions. Therefore, if jarosite precipitates from a brine containing Br™ and CI, it
can enrich Br over Cl and bearing significant higher Br/Cl ratio signature comparing to the initial brine. For sedimentary
outcrop composed of substantial amount of jarosite, Br/CI ratios may not be controlled solely by evaporation and
precipitation of halide evaporites, but might also be influenced by precipitation and dissolution of halogen bearing
jarosite. The aqueous stability of halogen bearing jarosite and the possible release of halide anions during jarosite
dissolution require further evaluation.

jarosite, Mars, Meridiani Planum, halogen, Br/Cl ratio, sulfate
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