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Introduction: Martian basalts contain elevated 

levels of P relative to their terrestrial counterparts, 
which makes it a useful element for tracking geochem-
ical processes.   In pristine martian basalts, P primarily 
occurs as Ca-phosphates such as apatite and merillite 
[1].  These minerals have high solubilities under acidic 
conditions, and mobilization of P by acidic fluids has 
been invoked to explain enrichments and depletions of 
this element in martian rocks and soils [e.g., 2-6].  The 
layered, sulfate-rich bedrocks of the Burns formation 
at Meridiani Planum also contain substantial  amounts 
of P, and appear to have been exposed to acid-sulfate 
fluids at multiple intervals during their formation [7,8].  
However, the possibility that P may have been mobi-
lized into or out of the deposits during these episodes 
has never been thoroughly investigated.  Accordingly, 
this study was undertaken to examine the mobility of P 
during formation of the bedrocks at Meridiani. 

Overview of the Burns formation:  The layered 
bedrocks of the Burns formation have been described 
as impure sandstones, composed of a mixture of sulfate 
and silicate components [7-10]. Key steps in the for-
mation of the bedrocks that influence their chemical 
composition include: (1) early addition of an oxidized 
sulfur component to siliciclastic materials from a ba-
saltic provenance, (2) erosion of the resulting materials 
as sulfate-cemented siliciclastic sand grains and 
transport to their present location, and (3) diagenetic 
alteration and cementation of the sediments during one 
or more episodes of groundwater infiltration following 
emplacement [7,8,10,11].  Proposed scenarios for the 
early addition of the sulfur component to basalt-
derived material include precipitation of Fe-, Mg-, and 
Ca-sulfate minerals from evaporating fluids that infil-
trated into a chemically altered basaltic precursor 
[7,8,11] or reaction of pristine basalt with sulfuric acid 
solutions derived from atmospheric or volcanic sources 
[12-15].  In either case, these scenarios involve reac-
tion of basalt with acid-sulfate fluids, possibly under 
conditions with relatively high fluid:rock ratios.  Dia-
genetic alteration following deposition at their current 
location also involved interaction with acid-sulfate 
fluids, as suggested by the presence of jarosite [8,16].  
Among the effects of this diagenetic alteration is an 
apparent loss of Mg-sulfates in the lower parts of the 
formation, as evidenced by a correlated decrease in 
MgO and SO3 abundance with depth [8,9]. 

Phosphorous in Burns formation bedrocks:  The 
Burns formation bedrocks contain a narrow range of P 
contents (0.97-1.17 wt% P2O5), with abundances simi-
lar to  numerous examples of relatively unaltered mar-
tian basalts (Fig. 1).  In addition, the bedrocks have 
P2O5:TiO2 ratios that cluster close to the constant ratio 
trend expected for martian igneous rocks [3] as well as 
the average ratio measured by the Spirit rover for ba-
saltic rocks in Gusev crater (Fig. 1).  Combined, these 
observations indicate that the sediments composing the 
Burns formation bedrocks maintain their original P 
concentrations from the basaltic precursor.  This inter-
pretation is also supported by a negative trend in P 
abundance with increasing SO3.  Furthermore, the 
deposits exhibit nearly constant P2O5:TiO2 with depth 
while MgO:TiO2 and SO3:TiO2 ratios decrease (Fig. 2) 
indicating that P was not mobilized by the acid-sulfate 
fluids that removed Mg-sulfates during diagenesis.  
Overall, the data indicate that P was not mobilized into 
or out of the bedrocks at any stage during their for-

Figure 1.  Measured abundances of P2O5 and TiO2 in the 
Burns Formation deposits at Meridiani Planum (top) and 
compared with measurements for representative martian 
basalts from other landing sites and meteorites (bottom).  

2250.pdf49th Lunar and Planetary Science Conference 2018 (LPI Contrib. No. 2083)



mation, including the event that initially added the 
sulfur component and all subsequent infiltrations by 
migrating groundwaters. 

Potential reservoirs for P in the Burns for-
mation:  The apparent immobility of P suggests that it 
is present in a relatively insoluble secondary phase.  
One possibility is that P is sequestered in Fe- or Al-
phosphates, such as the giniite that formed during 
experimental acid-sulfate alteration of P-enriched 
basalt [4,17].  Although Fe-phosphates have not been 
identified in the Mössbauer results from Meridiani, the 
low abundance and overlap with other phases might 
make such detections difficult.  Another possibility is 
that P may be sequestered in jarosite or other members 
of the alunite group.  Minerals in this group can con-
tain substantial amounts of P through PO4-for-SO4 
substitutions (e.g., Fig. 3).  Other potential reservoirs 
for P include volcanic glass or adsorption on surfaces 
of minerals such as Fe-oxides/oxyhydroxides, although 
it appears unlikely that either of these possibilities 
could account for the amount of P found in the rocks. 

Implications for formation scenarios:  The sedi-
mentary-evaporite scenario that has been proposed as 
one possible origin of the Burns formation deposits 
invokes multiple episodes of interaction of the materi-
als with acid-sulfate fluids as well as extensive 
transport of divalent cations (Fe, Mg, Ca) and SO3 both 
into and out of the materials at various stages 
[7,8,9,11]. Yet, the apparent immobility of P would 
require that mobilization of these other elements oc-
curred without simultaneously mobilizing P into or out 
of the deposits.  Perhaps these seemingly incongruent 
trends can be reconciled if P was sequestered into a 
highly immobile phase at a very early stage in the 
scenario, although this remains to be tested with rigor-
ous geochemical models.  Alternate scenarios that 

propose SO3 was initially added to pristine basalt from 
atmospheric or volcanic sources [12-15] suggest that 
this addition took place without mobilization of other 
elements into or out of the deposits, which would be 
consistent with the apparent immobility of P and 
maintenance of igneous P2O5:TiO2 ratios.  Even in this 
case, however, it would require that P remained immo-
bile during diagenesis, including during the loss of Mg 
and SO3 (Fig. 2).  This may require either that P is 
sequestered in a phase with low solubility or that the 
infiltrating fluids during diagenesis were already satu-
rated with respect to P-bearing mineral phases and thus 
did not transport P into or out of the deposits.   
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Figure 3.  (a) SEM image of PO4-rich jarosite in a sand-
stone from the Aztec formation, southeast Nevada. (b) EDS 
analysis of jarosite showing PO4 and Al enrichment. 

Figure 2.  Elemental trends with depth in Burns formation 
bedrocks within Endurance crater showing transport and 
loss of Mg and SO3 by acidic fluids during diagenesis [9], 
but no apparent mobilization of P during this interval. 
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