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Introduction: The Opportunity rover has investi-

gated in detail rocks and soils on the hematite-bearing 
Meridiani plains. The results from the rover mission 
are placed in a regional geologic setting, and a rising 
ground water table model is presented for the forma-
tion of the wide-spread plains and underlying etched 
terrain materials in Terra Meridiani.   

Observations: The Burns formation and other sul-
fate-rich bedrock deposits examined by Opportunity 
(i.e., in Eagle crater and as outcrops exposed on the 
plains) [1,2] are located at the top of a several hundred 
meter thick section of rock that disconformably covers 
the underlying Noachian cratered terrain (Nct) [3,4] 
(Fig. 1).  In fact, the hematite-bearing plains surface 
materials encountered by Opportunity are dominated 
by an aeolian cover of basaltic sands and lag deposits 
of hematitic concretions left behind as wind deflated 
the relatively soft sulfate-rich bedrock. Further, the 
rock exposures outcrop to the east, north, and west of 
the hematite-bearing plains and form the etched ter-
rains that extend over several hundred thousand square 
kilometers [4,5] These etched terrain bedrock materials 
are layered and highly eroded by wind. Analyses of 
OMEGA data show that the etched terrains have an 
enhanced 1.92-micrometer absorption band relative to 
the Nct, indicating enhanced abundances of water-
bearing mineral phases [6]. In some areas kieserite and 
perhaps polyhydrated sulfate minerals have been iden-
tified in etched terrain exposures [6,7]. Thus, Oppor-
tunity has examined the top of a widely exposed sec-
tion of layered deposits which are hydrated and de-
monstrably sulfate-bearing in some locations. This 
information allows us to consider models for formation 
of the layered deposits that place rover-based observa-
tions into an orbitally-based context. 

Model:  As noted by Hynek and Phillips [8], Terra 
Meridiani was tilted to the northwest during the Noa-
chian Era, as the Tharsis Plateau began to stress the 
surrounding lithosphere.  They note that during or after 
tilting, fluvial processes generated valley systems 
within the Nct and transported a considerable amount 
of material to the northwest. The etched terrain depos-
its formed at the end of or soon after fluvial dissection 
(Fig. 1). The environment of deposition inferred from 
rover-based measurements of outcrops argues for in-
teraction of acidic groundwater with a basaltic precur-

sor material to produce sulfate-rich “dirty evaporite” 
deposits. [1,2]. Wind and water reworked these mate-
rials as sands, and both eolian and subaqueous trans-
port are indicated by observations of cross-bedding. 
Aeolian reworking has been the dominant process in 
the materials observed by Opportunity to date.  After 
deposition, these materials underwent substantial 
diagenesis as a consequence of multiple influxes of 
groundwater [3].  

The most plausible model for formation of the 
etched terrain deposits is one in which the water table 
rose relative to the Nct surface, due to tectonic subsi-
dence and/or enhanced  recharge of the cratered terrain 
highlands to the southwest.  A regime of relative uplift 
and dissection switched to one of relative subsidence 
and sedimentary accumulation onto the Nct surfaces. 
The several kilometers of relief between the cratered 
highlands to the southwest and the dissected Nct sur-
faces to the northwest would have easily produced the 
hydrostatic head necessary for regional-scale ground 
water flow.  Sulfur and other volatile species were 
introduced to the hydrologic system as a consequence 
of extensive volcanism from Tharsis (and other) vol-
canoes and/or by weathering of pre-existing sulfur-
bearing deposits and would have produced an acid-
sulfate ground water system.  

Relative rise of the ground water resulted in the 
development of springs and playa lakes of high ionic 
strength within local topographic depressions.  Desic-
cation of these local, shallow water bodies would have 
provided a ready source of “dirty evaporate” deposits 
dominated by sulfates and siliciclastic components.  
Evaporation of water at sediment-water interfaces cre-
ating continuously briny fluids would have also pro-
vided a source of evaporates mixed with siliciclastics 
[1,2,3]. Erosion and redeposition of the materials by 
shallow water currents and wind would have occurred. 
Preservation of the deposits would have been assured 
as the ground water table continued to rise, with asso-
ciated diagenetic processes and cementation of depos-
its beneath the water table. New evaporite and related 
deposits would have continued to accumulate at the 
surface as the water table continued to rise.  

After the Meridiani aqueous system ceased operat-
ing, wind would have taken over as the dominant proc-
ess. The modern Meridiani plains formed via wind 
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erosion of the sedimentary deposits and accumulation 
of a thin veneer of aeolian basaltic sand and hematitic 
concretion lag. Wind erosion also exposed the hun-
dreds of meters section of etched terrain deposits now 
found widely dispersed across Terra Meridiani.  

References: 
[1] Squyres S. W. et al. (2004) Science, 306, 1709-
1714. [2] Grotzinger J. P. et al. (2005) EPSL, 240, 11-
72. [3] McLennan S. et al., EPSL, 240, 95-121. [4] Hy-
nek B. M. et al. (2002) JGR, 107, 
10.1029/2002E001891. [5] Arvidson R. E. et al. 
(2003) JGR, 108, 8073/2002JE0011982. [6] Gendrin 
A. et al. (2005) Science, 307, 1587-1591. [7] Arvidson 
R. E. et al. (2005) Science, 307, 1591-1594. [8] Hynek 
B. M. and Phillips R. J. (2001) Geology, 29, 407-410.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Regional-scale geologic map of Merid-
iani Planum. The hematite-bearing plains are underlain 
by several hundred meters of etched terrain deposits 
that unconformably overlie the cratered highlands. 
Note the valley systems that disappear beneath the 
southern contact between the cratered highlands and 
plains deposits. Crater size frequency distributions 
indicate that the plains (and etched terrain) materials 
were deposited during the late Noachian Period.  Map 
base consists of daytime THEMIS IR frames. Map 
provided courtesy of Kim Seelos, Washington Univer-
sity in St. Louis.  
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