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1.	Detailed	description	of	the	CHIM-XPT	modeling	runs	

We	used	program	CHIM-XPT	(Reed,	1998)	to	compute	the	equilibrium	aqueous	alteration	
of	Mars	basalt	and	the	leaching	of	ions	in	a	1-D	fluid-centered	flow-through	pathway	
through	the	basalt	or	olivine-only	aquifer	(Supplementary	Figure	1).	The	leading	fluid	
parcel	reacts	and	equilibrates	with	unreacted	rock	as	it	moves	along	the	flow	path,	and	is	
out	of	contact	and	out	of	equilibrium	with	the	preceding	rock	parcels,	so	back-reaction	of	
the	moving	parcel	of	fluid	with	the	previously	altered	rock	is	prevented.	Precipitated	
phases	are	fractionated	from	the	system	at	each	step	along	the	path	(see	Bethke,	2007,	p.	
17;	and	Reed,	1998,	pp.	119–120	for	further	details).	The	thermodynamic	database,	
SolthermBRGM1,	contains	equilibrium	constants	for	a	large	number	of	minerals,	chemical	
species	and	gases	from	0.01	to	600°C	and	pressures	from	1	bar	to	5	kbar.	SolthermBRGM	
includes	low-temperature	species	from	the	BRGM	Thermoddem	database	(Blanc	et	al.,	
2012)	among	others.	

	

	

Supplementary	Figure	1.	Cartoon	of	the	reaction	path	model	carried	out	with	CHIM-XPT.	
Fresh	water	equilibrated	with	the	atmosphere	equilibrates	with	sequential	parcels	of	
unaltered	rock.	Along	the	fluid	path,	ions	are	leached	from	the	rock	into	the	fluid,	and	ions	are	
removed	from	the	fluid	into	the	rock	as	saturated	minerals	are	precipitated.	Water-to-rock	
ratio	decreases	from	left	to	right,	as	the	fluid	reacts	with	additional	rock.	

	

The	reactant	rock	compositions	we	used	are	described	in	the	main	text.	The	composition	of	
the	fluids	used	were	initially	in	equilibrium	with	the	atmosphere	pressures	shown	in	SI	

																																																													
1	Available	at	https://pages.uoregon.edu/palandri/data/solthermBRGM.xpt.		
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Table	1,	which	are	based	on	linear	scaling	(gas	volume/total	volume	=	gas	pressure/total	
pressure)	using	the	current	atmosphere’s	volume	mixing	ratio	(Mahaffy	et	al.,	2013),	and	
ignoring	CO	because	it	is	minor	(<10-3	volume	ratio)	compared	to	other	components.	

Supplementary	Table	1.	Compositions	of	fresh	fluids	equilibrated	with	Mars	atmospheres,	prior	
to	interaction	with	the	reactant	rock.	N2	gas	exerts	pressure	and	is	soluble	in	the	fluid,	but	is	
unreactive	in	our	model	and	is	not	taken	up	by	minerals.	

Atmospheric	
pressure	(bar)	

CO2	
(mol/kg)	

HCO3-	
(mol/kg)	

CO32-	
(mol/kg)	

N2	
(mol/kg)	

O2	
(mol/kg)	

pH	

6	×	10-3	 3.84	×	10-4	 1.04	×	10-5	 2.45	×	10-11	 1.03	×	10-7	 1.63	×	10-8	 4.99	
6	×	10-2	 3.84	×	10-3	 3.30	×	10-5	 2.48	×	10-11	 1.03	×	10-6	 1.63	×	10-7	 4.49	
2	×	10-1	 1.28	×	10-2	 6.04	×	10-5	 2.51	×	10-11	 3.43	×	10-6	 5.43	×	10-7	 4.23	
6	×	10-1	 3.85	×	10-2	 1.05	×	10-4	 2.54	×	10-11	 1.03	×	10-5	 1.63	×	10-6	 3.99	

2	 1.29	×	10-1	 1.93	×	10-4	 2.59	×	10-11	 3.46	×	10-5	 5.47	×	10-6	 3.73	
6	 3.91	×	10-1	 3.35	×	10-4	 2.65	×	10-11	 1.05	×	10-4	 1.65	×	10-5	 3.50	

	

We	disallowed	the	formation	of	specific	minerals,	aqueous	species	and	gases,	such	as	
antigorite	and	CH4	(Spreadsheet	DISALLOWED_MINERALS.ods)	because	their	formation	
are	kinetically	disfavored	with	low	temperature	water-rock	reactions.	The	phases	allowed	
to	form	were	vetted	to	include	only	phases	that	would	form	under	the	pressure	and	
temperature	conditions	we	have	modeled.	A	number	of	thermodynamically	metastable	
phases	and	phases	that	are	not	abundant	in	natural	terrestrial	basalt-water	systems	(e.g.,	
thaumasite,	MgHPO4,	etc.)	were	allowed	in	the	database	because	their	formation	is	rapid	
and	kinetically	favored.	Relevant	literature	about	the	natural	and	synthetic	formation	
conditions	of	the	phases	that	formed	in	the	models	is	shown	in	Supplementary	Table	2.	
Phases	like	thaumasite	that	have	relatively	limited	stability	fields	typically	recrystallize	into	
more	stable	phases	in	time,	especially	if	burial,	heating,	and	complete	dehydration	occur.	
However,	in	the	reaction	path	models,	we	quantified	the	carbon	captured	at	the	time	that	
water-rock	reaction	occurred,	and	not	the	fate	of	carbon	after	possible	recrystallization	of	
metastable	phases	in	time.	We	think	this	approach	is	adequate	because	the	main	carbon-
bearing	phases	formed	in	the	models	are	carbonates,	which	do	not	decompose	and	release	
CO2	until	reaching	≳450	°C	(e.g.	Sharp	et	al.,	2003).	While	some	of	the	phases	we	allowed	to	
form	in	the	models	are	unusual	in	basalt-water	systems	on	Earth,	purging	the	database	in	
order	to	only	include	phases	commonly	associated	with	terrestrial	basalt-water	settings	
risks	overlooking	potential	discoveries	on	Mars.	For	example,	the	Fe-rich	amorphous	
materials	analyzed	by	the	Mars	Science	Laboratory	throughout	Gale	Crater	(e.g.	Bish	et	al.,	
2013;	Rampe	et	al.,	2017;	Vaniman	et	al.,	2014)	are	clearly	one	or	more	metastable	phases,	
that	are	probably	largely	chemically	unchanged	since	their	formation	billions	of	years	ago.	

The	raw	results	of	the	1-D	reaction	path	models	are	shown	in	two	supplementary	
spreadsheet	files:	one	for	the	basalt	aquifer	(MARS_BASALT.ods),	and	another	for	the	
olivine-only	(MARS_OLIVINE.ods)	aquifer.	
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We	show	the	pH	(SI	Figure	2),	total	dissolved	aqueous	components,	and	gas	fugacities	as	a	
function	of	W/R	ratio	for	each	of	the	modeled	scenarios	in	two	animated	figures	compound	
for	the	alteration	of	the	basalt	(Supplementary	Figure	MARS_BASALT.gif)	and	olivine	
(Supplementary	MARS_OLIVINE.gif)	at	different	CO2	pressures.	By	“total	dissolved	aqueous	
components”,	we	refer	to	the	total	concentration	of	an	element	in	solution	from	all	the	
dissolved	species	bearing	that	element.	For	example,	the	∑Fe	curve	is	the	sum	of	dissolved	
iron	in	the	form	of	Fe2+,	Fe(CO3)2-,	Fe(OH)+,	FeSO4(aq),	etc.	We	also	show	the	secondary	
minerals	precipitated	during	alteration	of	the	basalt	(SI	Figures	3	–	8)	and	olivine,	in	grams	
of	precipitated	mineral	per	gram	of	reacted	fresh	rock	(basalt	or	olivine),	per	kilogram	of	
water	remaining	in	the	system.	In	the	following	figures,	secondary	minerals	precipitated	in	
the	models	are	grouped	for	clarity	(e.g.,	phyllosilicates	=	kaolinite	+	smectite	+	greenalite	+	
…).	The	individual	minerals,	their	formulae	and	their	groups	are	described	in	SI	Table	2.	

	

Supplementary	Figure	2.	Fluid	pH	for	all	CHIM-XPT	runs	at	different	atmosphere	pressures	
with	Mars	basalt	(top)	and	Mars	olivine	(bottom).	

At	very	low	W/R	ratios	(W/R	<	1),	alteration	dry-out	tends	to	occur,	resulting	in	the	
secondary	mineral	mass	exceeding	the	amount	of	fresh	rock	reacted.	The	alteration	fluid	at	
low	W/R	already	contains	a	large	concentration	of	dissolved	ions,	and	water	tends	to	be	
incorporated	into	minerals	(phyllosilicates,	zeolites,	calcium-silicate-hydrate	cements,	and	
hydrous	sulfates	and	phosphates),	further	increasing	the	concentration	of	ions	in	solution.		
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Supplementary	Table	2.	Minerals	formed	in	the	basalt	and	olivine	alteration	models,	their	formulae	and	groups,	and	relevant	
literature	about	their	low	temperature	formation	conditions	in	natural	terrestrial	and	laboratory	settings.	

Group	 Mineral	 Formula	 Relevant	literature	about	formation	conditions	
Phosphates	 CaAlH(PO4)2·6H2O	 CaAlH(PO4)2·6H2O	 Formed	within	days	in	acidic	soils	(Lehr	et	al.,	1964;	

Taylor	et	al.,	1964;	Taylor	and	Gurney,	1965,	1964)	
	 Vivianite	 Fe3(PO4)2·8H2O	 In	lacustrine	sediments	(Rosenqvist,	1970),	

brackish/marine	hypoxic	waters	(Dijkstra	et	al.,	
2016),	with	siderite	in	anoxic	bogs	(Postma,	1980)	

	 MgHPO4	 MgHPO4	 Most	common	phosphate	in	seawater	(Atlas	et	al.,	
1976)	

	 MnHPO4	 MnHPO4	 Not	observed	naturally,	but	thermodynamic	data	
lacking	for	Mn	phosphates	(serrabrancite,	
gatehousite,	bermanite,	reddingite,	hureaulite).	
MnHPO4	and	related	Mn	phosphates	are	
synthesized	in	hours	to	days	at	low	T	(Boonchom	et	
al.,	2008;	Boonchom	and	Danvirutai,	2008;	Evans	
and	Sorensen,	1983)	

	 Ca4H(PO4)3:3H2O	 Ca4H(PO4)3·3H2O	 Octocalcium	phosphate,	precursor	to	apatite	in	
(e.g.)	coastal	and	estuarine	sediments	(Gunnars	et	
al.,	2004;	Oxmann	and	Schwendenmann,	2015,	
2014)		

Phyllosilicates	 Kaolinite	 Al2Si2O5(OH)4	 Common,	see	also	chlorites	below.	From	
sedimentation	of	volcanic	ashes	in	lakes,	swamps,	
lagoons	or	shallow	seas	(Meunier,	2005,	p.	312)	

	 Chamosite	 Fe5Al(AlSi3)O10(OH)8	 Chlorites	form	slowly	at	low	T,	but	precursor	phases	
form	readily	as	grain	coatings	and	pore	infill,	and	
recrystallize	(Grigsby,	2001;	Wilson	and	Pittman,	
1977);	authigenic	in	soils	(Curtis	et	al.,	1985),	and	in	
shallow	marine	environments	(Akande	and	Mücke,	
1993).	Synthesized	at	low	T	in	lab	(Aja,	2002;	Aja	
and	Darby	Dyar,	2002)		

	 Clinochlore	 Mg5Al(AlSi3)O10(OH)8	
	 Al-free	chlorite	 Mg6Si4O10(OH)8	
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	 Greenalite	 Fe3Si2O5(OH)4	 Unknown	to	form	authigenically	in	soils,	but	gel	
precipitates	at	room	temperature	in	anoxic	water;	
structural	reorganization	and	dehydration	leads	to	
crystalline	greenalite	(Tosca	et	al.,	2016).	

	 Minnesotaite	 Fe3Si4O10(OH)2	 In	lateritic	weathering,	in	solid	solution	with	other	
clay	minerals	(Harder,	1977).	Predicted	for	Mars	
(Chevrier	et	al.,	2007;	Fairén	et	al.,	2004)	

	 K-saponite	 K0.33Mg3Al0.33Si3.67O10(OH)2	 By	reaction	of	Si+Mg-rich	solutions	with	detrital		
and	basaltic	materials	in	the	assemblage	of	salt	
lakes,	sabkhas	and	alkaline	lakes/swamps	(Akbulut	
and	Kadir,	2003;	Meunier,	2005,	pp.	307–308).	
Possible	composition	of	the	amorphous	fraction	at	
Yellowknife	Bay	on	Mars	(Bristow	et	al.,	2015)	

	 Na-saponite	 Na0.33Mg3Al0.33Si3.67O10(OH)2	

	 Sepiolite	 Mg4Si6O15(OH)2·6H2O	 Precipitated	in	alkaline	lakes/swamps	(Akbulut	and	
Kadir,	2003),	and	closed	basin	playa	evaporites	
(Singer	et	al.,	1998).	Precipitated	from	seawater-like	
composition	in	lab	(Baldermann	et	al.,	2018)	

	 Smectite(MX80:5.189H2O)	 Na0.409K0.024Ca0.009(Si3.738Al0.2
62)(Al1.598Mg0.214Fe0.208)O10(O
H)2·5.189H2O	

From	sedimentation	of	volcanic	ashes	in	lakes,	
swamps,	lagoons	or	shallow	seas	(Meunier,	2005,	p.	
312),	in	soils	derived	from	basalt	weathering	
(Curtin	and	Smillie,	1981).	Synthesized	in	lab	
(Harder,	1972).	Detected	from	orbit	and	in	situ	on	
Mars	(Bishop	et	al.,	2018;	Clark	et	al.,	2007)	

	 Mg,Na-montmorillonite	 Na0.34Mg0.34Al1.66Si4O10(OH)2	
	 HcK-montmorillonite	 K0.6Mg0.6Al1.4Si4O10(OH)2	
	 HcNa-montmorillonite	 Na0.6Mg0.6Al1.4Si4O10(OH)2	
Sulfides	 Pyrite	 FeS2	 Most	thermodynamically	stable	Fe-disulfide	in	

sediments,	formed	by	precursor	amorphous	FeS	
converting	to	FeS2	(Schoonen,	2004).	Precipitated	in	
brackish	water	sediments	(Postma,	1982)	

Carbonates	 Calcite	 CaCO3	 Carbonate	precipitation	common	at	low	
temperature.	Siderite	precipitation	may	be	slow,	but	
precursor	phases	precipitate	rapidly,	and	then	
recrystallize	(Jiang	and	Tosca,	2019;	Jimenez-Lopez	

	 Siderite	 FeCO3	
	 Ankerite	 CaFe(CO3)2	
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and	Romanek,	2004;	Romanek	et	al.,	2009)	
Zeolites	 Chabazite	 Ca(Al2Si4)O12·6H2O	 Low	T	zeolites	occurring	as	alteration	products	of	

volcanic	and	feldspathic	rocks	often	volcanoclastics	
flushed	by	saline	groundwater	(Chipera	and	Apps,	
2001;	Hay	and	Sheppard,	2001;	Ming	and	
Boettinger,	2001;	Warren,	2015,	pp.	1292–1300)	

	 Ca-phillipsite	 Ca0.5AlSi3O8·3H2O	
	 K-phillipsite	 KAlSi3O8·3H2O	
	 Na-phillipsite	 NaAlSi3O8·3H2O	
	 Ca-clinoptilolite	 Ca0.55(Si4.9Al1.1)O12·3.9H2O	
Calcium-
silicate-
hydrates	

Thaumasite	 CaSiO3CaSO4CaCO3·15H2O	 Low	T	seawater	reaction	with	basalts	and	tuffs	
(Grubessi	et	al.,	1986;	Karpoff	et	al.,	1992;	Noack,	
1983),	and	alteration	of	volcanic	rocks	in	Antarctic	
Dry	Valleys	(Keys	and	Williams,	1981).	Precipitates	
rapidly	in	lab,	and	destabilizes	at	>30	°C	(Matschei	
et	al.,	2007;	Pipilikaki	et	al.,	2008;	Schmidt	et	al.,	
2008)	

	 CSH(1.2)	 Ca1.2SiO3.2·2.06H2O	 Tobermorite-like	cement	phases	formed	by	
weathering	of	metamorphosed	carbonate	+	clay	
mineral-rich	rocks	(Gross,	2016,	1977).	Precipitates	
within	days	in	lab	(Dilnesa,	2012;	Gross,	1981;	
Schmidt	et	al.,	2008)	

Sulfates	 Gypsum	 CaSO4·2H2O	 Common,	especially	from	saturation	and	
evaporation	of	saline	fluid	(e.g.	Corselli	and	Aghib,	
1987),	but	also	alteration	of	basalt	(e.g.	McCanta	et	
al.,	2014)		

Silica	 Amorphous	silica	 SiO2	 Common.	For	Mars	see	e.g.,	discussion	by	McAdam	
et	al.	(McAdam	et	al.,	2008).	

Iron	oxides	 Goethite	 FeOOH	 Common	
	 Magnetite	 Fe3O4	 From	dissolution-precipitation	of	Fe-rich	material	

and	in	soils	(Maher	and	Taylor,	1988;	Spiroff,	1938;	
Taylor	et	al.,	1986).	Precipitation	from	solution	in	
lab	(Hansel	et	al.,	2005;	Vayssières	et	al.,	1998).	
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1.1.	Basalt	alteration	

Basalt	alteration	with	CO2-charged	water	causes	the	formation	of	carbonates	and	the	
drawdown	of	carbon	under	all	initial	pCO2	conditions.	Carbon	drawdown	begins	with	
siderite	formation	and	precipitation	at	high	W/R	ratios	(SI	Figure	3).	H+	produced	from	the	
dissociation	of	carbonic	acid:	

	H2CO3	+	H2O	→	HCO3-	+	H3O+	 (1)	

is	consumed	by	the	dissolution	of	olivine	and	pyroxene	as	the	fluid	encounters	fresh	rock:	

MgFeSiO4	(olivine)	+	2H3O+	→	Mg2+	+	Fe2+	H4SiO4	+	2OH-	(2)	

Mg0.5Fe0.5SiO3	(pyroxene)	+	H3O+	→	Mg0.52+	+	Fe0.52+	+	H2SiO3	+	OH-	 (3)	

These	reactions	are	strongly	favored	while	the	CO2-charged	fluid	reacts	with	fresh	rock	but	
are	limited	by	the	amount	of	initial	CO2.	When	almost	all	carbonic	acid	is	consumed,	pH	
increases	sharply	(SI	Figure	2a)	as	OH-	produced	from	the	breakdown	of	olivine	and	
pyroxene	(Reactions	2	and	3)	is	unbuffered	by	further	dissociation	of	carbonic	acid	
(Reaction	1).	While	carbonate	and	bicarbonate	anions	are	supplied	by	the	dissociation	of	
carbonic	acid,	carbonates	precipitate	(SI	Figures	3	–	8)	as	siderite,	ankerite	and	calcite.	

At	lower	W/R	ratios,	when	most	carbonate	is	removed	along	the	fluid	path,	the	fluid	
becomes	reducing,	when	the	predominant	phyllosilicates	minnesotaite	(Fe3Si4O10(OH)2)	
and	Na0.409K0.024Ca0.009(Si3.738Al0.262)(Al1.598Mg0.214Fe0.208)O10(OH)2·5.189H2O	(a	smectite	of	
the	montmorillonite	group)	stop	precipitating	in	favor	of	greenalite	(Fe3Si2O5(OH)4),	which	
removes	a	larger	amount	of	oxidants	(namely	OH-)	from	solution	per	gram	precipitated.	
Na-phillipsite	(NaAlSi3O8·3H2O),	and	calcium-silicate-hydrate	1.2	(Ca1.2SiO3.2·2.06H2O)	
provide	the	main	sinks	for	Na,	Al	and	Ca,	while	K	is	only	weakly	taken	up	by	K-saponite	
(K0.33Mg3Al0.33Si3.67O10(OH)2),	which	allows	the	dissolved	K	concentration	to	increase	at	
lower	W/R	ratios.	Any	remaining	dissolved	carbon	is	precipitated	and	removed	as	
thaumasite	(Ca3Si(OH)6(CO3)(SO4)·12H2O).	However,	note	that	thaumasite	only	forms	after	
most	initial	CO2	is	taken	up	by	carbonates	precipitated	out	along	the	reaction	path	
(Supplementary	Figures	3	–	8);	carbonates	require	higher	pCO2	than	thaumasite	to	form,	
and	thaumasite	only	forms	after	pCO2	has	dropped	below	this	level.	Thaumasite	is	not	a	
major	CO2	sink:	each	gram	of	siderite	(FeCO3)	contains	~0.38	g	of	CO2	whereas	each	gram	
of	thaumasite	(CaSiO3CaSO4CaCO3·15H2O)	contains	~0.07g	of	CO2.	In	all	the	reaction	path	
models,	by	far	the	most	dramatic	drop	in	CO2	fugacity	and	dissolved	carbon	coincides	with	
carbonate	precipitation	(Supplementary	Figures	3	–	8).	

At	W/R	<	10,	all	basalt	alteration	scenarios	converge,	yielding	nearly	equal	pH	levels,	
concentrations	of	aqueous	components	and	precipitated	minerals.	Small	amounts	of	
gypsum	(CaSO4·2H2O)	precipitate	at	W/R	<	2.	
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Supplementary	Figure	3.	Alteration	of	Mars	basalt	with	fluid	initially	equilibrated	with	a	6	
mbar	atmosphere.	Top:	gas	fugacities;	middle:	aqueous	components	in	the	fluid;	bottom:	
secondary	minerals	precipitated	along	the	alteration	pathway.	
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Supplementary	Figure	4.	Alteration	of	Mars	basalt	with	fluid	initially	equilibrated	with	a	60	
mbar	atmosphere.	Top:	gas	fugacities;	middle:	aqueous	components	in	the	fluid;	bottom:	
secondary	minerals	precipitated	along	the	alteration	pathway.	
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Supplementary	Figure	5.	Alteration	of	Mars	basalt	with	fluid	initially	equilibrated	with	a	200	
mbar	atmosphere.	Top:	gas	fugacities;	middle:	aqueous	components	in	the	fluid;	bottom:	
secondary	minerals	precipitated	along	the	fluid	pathway.	
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Supplementary	Figure	6.	Alteration	of	Mars	basalt	with	fluid	initially	equilibrated	with	a	600	
mbar	atmosphere.	Top:	gas	fugacities;	middle:	aqueous	components	in	the	fluid;	bottom:	
secondary	minerals	precipitated	along	the	fluid	pathway.	
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Supplementary	Figure	7.	Alteration	of	Mars	basalt	with	fluid	initially	equilibrated	with	a	2	
bar	atmosphere.	Top:	gas	fugacities;	middle:	aqueous	components	in	the	fluid;	bottom:	
secondary	minerals	precipitated	along	the	fluid	pathway.	
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Supplementary	Figure	8.	Alteration	of	Mars	basalt	with	fluid	initially	equilibrated	with	a	6	
bar	atmosphere.	Top:	gas	fugacities;	middle:	aqueous	components	in	the	fluid;	bottom:	
secondary	minerals	precipitated	along	the	fluid	pathway.	
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1.2.	Olivine	alteration	

Reaction	of	olivine	with	the	CO2-bearing	fluid	generally	follows	a	similar	pattern	to	basalt	
alteration	(SI	§	1.1),	in	that	Reaction	2	consumes	acidity	to	produce	aqueous	silica	and	
cations	for	carbonate	minerals.	Additionally,	FeO	dissolved	from	olivine	drives	the	increase	
in	fluid	pH	in	a	series	of	reactions	that	culminate	in	the	production	of	H2	and	magnetite:		

FeO	(from	olivine)	+	H2O	→	Fe2+	+	2OH-	 (4)	

3Fe2SiO4	+	2H2O	=	3SiO2(aq)	+	2Fe3O4	+	2H2(aq)	 (5)	

Since	the	reactant	olivine	composition	lacks	calcium,	the	carbonates	precipitated	were	
siderite	and	hydromagnesite	(Mg5(OH)2(CO3)4·4H2O,	only	at	initial	pCO2	=	6	bar	and	40	>	
W/R	>	30).	However,	after	most	carbonate	formation	has	occurred	and	pH	is	buffered	to	
high	levels	(pH	≈	10.8),	total	dissolved	carbon	(∑C)	plateaus	at	~5×10-5	mol/kg	water	for	
all	initial	pCO2	conditions	tested;	precipitation	of	thaumasite	does	not	occur	since	it	
requires	sulfate	and	calcium.	

Finally,	since	the	reactant	lacks	aluminum,	all	silica	sinks	from	olivine	alteration	
(amorphous	silica,	sepiolite,	Al-free	chlorite	and	greenalite)	lack	aluminum.		
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Supplementary	Figure	9.	Alteration	of	Mars	olivine	with	fluid	initially	equilibrated	with	a	6	
mbar	atmosphere.	Top:	gas	fugacities;	bottom:	aqueous	components	in	the	fluid.	

	

Supplementary	Figure	10.	Alteration	of	Mars	olivine	with	fluid	initially	equilibrated	with	a	60	
mbar	atmosphere.	Top:	gas	fugacities;	bottom:	aqueous	components	in	the	fluid.	
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Supplementary	Figure	11.	Alteration	of	Mars	olivine	with	fluid	initially	equilibrated	with	a	
200	mbar	atmosphere.	Top:	gas	fugacities;	bottom:	aqueous	components	in	the	fluid.	



17	
	

	

Supplementary	Figure	12.	Alteration	of	Mars	olivine	with	fluid	initially	equilibrated	with	a	
600	mbar	atmosphere.	Top:	gas	fugacities;	bottom:	aqueous	components	in	the	fluid.	
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Supplementary	Figure	13.	Alteration	of	Mars	olivine	with	fluid	initially	equilibrated	with	a	2	
bar	atmosphere.	Top:	gas	fugacities;	bottom:	aqueous	components	in	the	fluid.	
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Supplementary	Figure	14.	Alteration	of	Mars	olivine	with	fluid	initially	equilibrated	with	a	6	
bar	atmosphere.	Top:	gas	fugacities;	bottom:	aqueous	components	in	the	fluid.	
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