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Introduction: Opportunity has investigated ancient 

sulfate-rich sandstones (Burns formation) that domi-

nate the plains and that formed in ancient playa and 

dune evironments [1], characterized impact breccias 

(Shoemaker formation) and their aqueous alteration on 

Endeavour’s  Cape York rim segment [2], and investi-

gated extensive aqueous alteration of rocks on Cape 

York’s Matijevic Hill that stratigraphically underlie 

Shoemaker formation and predate the Endeavour-

forming event [3]. In this abstract we combine 

mineralogic inferences from CRISM hyperspectral 

data and Opportunity observations to understand the 

geochemical and environmental histories of the Noa-

chian crust and Burns formation materials (Fig. 1).  

The work focuses crater walls and rims, where rela-

tively fresh bedrock exposures are evident.  

Ada, Victoria, Santa Maria Craters:  Ada is a 

fresh ~2 km in diameter crater located ~120 km to the 

east of Opportunity. It exposes extensive bedrock as-

sociated with the upper Burns formation strata, with 

spectra diagnostic of kieserite (monohydrated Mg-

sulfate) [4] (Fig. 2). Opportunity has explored two cra-

ters (Victoria (~800 m) and Santa Maria (~100 m)) that 

also expose the upper portion of the Burns formation 

and CRISM spectra retrieved from wind-scoured bed-

rock exposures on these crater rims show a spectral 

dominance by kieserite. In fact, Opportunity was di-

rected to the outcrop on Santa Maria and conducted 

extensive in-situ measurements on the Luis de Torres 

rock target.  

Botany Bay on Endeavour Crater: Botany Bay is 

a wind-scoured rim segment on Endeavour Crater that 

is covered by Burns formation materials underlain by a 

relatively subdued portion of the crater rim. CRISM 

spectra for Botany Bay indicate the wide-spread occur-

rence of gypsum, as documented by [5], and inde-

pendently confirmed by us using the CRISM along 

track oversampled observation FRT00019E9C. Oppor-

tunity was directed to a location within Botany Bay 

with a clear gypsum spectral signature and extensive 

in-situ measurements were conducted on the boulder 

Black Shoulder.  

Kieserite and Gypsum: The spectral identification 

of kieserite near the top of the Burns formation and 

gypsum near the bottom is consistent with correspond-

ence analysis of APXS data collected by Opportunity 

(Fig. 3). Specifically, data collected from Victoria and 

Santa Maria craters and on the plains from Victoria to 

Endurance show a trend toward enrichment in Mg and 

S. On the other hand, Botany Bay data show a trend 

toward enrichment in Ca and S. In addition, Ca-sulfate 

veins have been detected in the bench surrounding and 

in Cape York proper [2,3]. 

 Iazu Crater: Iazu crater formed during deposition 

of the Burns formation and its steep walls expose both 

the underlying Noachian crust and a thick (~200 m) 

section of Burns formation layered sulfates (Fig. 4). 

CRISM spectra retrieved for these outcrops show the 

presence of Fe and Mg smectites in the Noachian crust 

and hydrated sulfates (detailed comparisons shows 

gypsum and other hydrated species) unconformably 

overlying the Noachian rocks (Fig. 5). 

Aqueous and Environmental Histories: The cra-

ters examined in this abstract allow a complete strati-

graphic inventory of Burns formation materials, in 

addition to an intact section that shows the contact with 

the underlying Noachian crust. Results show a change 

from relatively mild aqueous conditions producing 

smectites to accumulation of insoluble gypsum at the 

base to kieserite at the top of the Burns formation. Kie-

serite is interpreted to have formed through dehydra-

tion of polyhydrated sulfate species [6]. This composi-

tional trend for Burns formation materials is consistent 

with systematic evaporation of brines produced by 

aqueous alteration of basalt precursor materials, fol-

lowed by extensive dehydration toward the end of the 

depositional period. More detailed analysis of both 

CRISM and Opportunity data is underway to recon-

struct the aqueous and environmental histories of the 

Meridiani region.   
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Fig. 1 – Perspective view of Meridiani with Opportuni-

ty’s traverses shown in red. The Burns formation can 

be seen embaying the older, dissected Noachain cra-

tered terrain to the south. THEMIS daytime IR over 

MOLA DEM. 

 
Fig. 2 – Top shows RELAB laboratory spectra for 

gypsum and kieserite and bottom shows a spectrum 

retrieved for outcrops exposed in Ada crater. Single 

scattering albedos retrieved using DISORT as detailed 

in [3]. FRT000199D5.  

 

 
Fig. 3 – Correspondence analysis (normalized factor 

analysis to show factor loadings for both samples and 

variables on same plot) results for Burns formation 

rocks measured by APXS from Victoria to Endeavour 

craters. Results show trend toward Mg and S enrich-

ment for Victoria and Santa Maria targets and Ca and 

S enrichment in Botany Bay.   

 
Fig. 4 – Portion of a HiRISE false color composite 

showing altered Noachian crust and overlying Burns 

formation sulfate deposits. CRISM-based spectra 

shown in Fig. 5 are taken from this area. 

ESP_023237_1775_color.  

 

 
Fig 5 – Laboratory spectra (from RELAB), together 

with  CRISM spectra for the wall of Iazu crater show-

ing evidence for Fe, Mg smectites in the Noachian 

crust and gypsum, together with other hydrated sul-

fates, in the overlying Burns formation materials.  

FRT0001E2AA.  
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