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Introduction: Surface morphology on images of MER-

2 probe Opportunity sent from its landing site vicinity on 
the 70-74 sols exhibited chains of pits forming a trench. 
The landscape has been named Anatolia. The trench pits of 
Anatolia can be interpreted as dolines (closed surface de-
pressions) and the whole surface trench pattern of Anatolia 
as a solution groove, both of them belonging to the karst 
morphology. Comparisons to terrestrial karst morphology 
strengthened this interpretation. 

Earlier studies: Costard et al. (1995) Kargel et al., 
(2004), Schaefer, (1990), Spencer, et al., (1986) collected 
evidences of probable karst morphology on Mars. How-
ever, these were large scale morphology interpretations. 
The NASA JPL homepage (http://marsrovers.jpl.nasa.gov/) 
about MER activities day by day made it possible to follow 
the regional morphology around MER rovers. During the 
70-74 sol period Opportunity reached a chain of pits very 
similar to small scale dolines.  

During the first two months Opportunity observed the 
Eagle crater (Squyres et al., 2004) and especially the rock 
outcrop around an NW arc of the Eagle crater (Christensen 
et al., 2004) and found that the rock composition is proba-
bly jarosite (Klingelhöfer et al., 2004). Together with field 
work morphology of cross-stratified layers the date were 
interpreted as shoreline sedimentation in the Meridiani 
Region (http://marsrovers.jpl.nasa.gov/). Comparing these 
data with those of Mars Odyssey the conclusion was in-
ferred that large amount of near surface water observed by 
Odyssey may be involved the brine soluble rocks (jarosite) 
found by Opportunity [Klingelhöfer et al., 2004, Morris et 
al., 2004, Rieder et al., 2004). All these data opened the 
possibility to infer that landscape data of 70-74 sols may be 
interpreted as to comparable to terrestrial karst forms 
(http://marsrovers.jpl.nasa.gov/). 

Terrestrial karst characteristics: Karst landscapes on 
the Earth can be found on terrains composed of water solu-
ble rocks. Karst landscapes are formed in the mutual inter-
play of surface erosion, and ground water dissolution, or, 
as written by Jakucs: as a result of the “dissolving power of 
surface and underground waters” (Jakucs, 1977). There are 
characteristic features of this interaction between atmos-
pheric and hydrospheric flows and lithology. The first is 
among them: the doline, a closed around depression, which 
serves as a sinking hole, where the solving fluid seeps. 
Fractures in the brittle surface rocks helps movement of the 
surface water to invade soluble rocks from top, and chan-
nelling to the groundwater region forms drainage system. 
The subsurface drainage helps to develop a surface coales-
cence of the dolines such way forming a groove (Jakucs, 
1977). These steps can be observed and interpreted on the 
Opportunity’s Martian landscape, too. 

Martian karst characteristics: Karst landscapes 
probably can exist on Mars on the Meridiani Region be-
cause of the interaction of water (or some brine) and water 
(or some brine) soluble rock produced by earlier fluid 
sedimentation. On the Martian surface characteristic closed 
depressions can be observed, which can be interpreted as 
dolines and these closed depressions are connected, coa-
lesced in some portions forming a solution trench.  

According to the observations of Opportunity’s Re-
search Groups [7, 8, 9,] the whole region of Meridiani 
Landing Site is covered that type of sedimentary rocks 
which were found in the Eagle crater. These rocks outcrop 
again and again in the walls of the closed depressions of 
the Anatolia region (http://marsrovers.jpl.nasa.gov/).  

 

 

 
Fig. 1. Images of MER-2 Opportunity (http://marsrovers.jpl.nasa.gov/) were united into a photomosaic in order to show a section of the sequence 
of closed depressions at the Meridiani Region of Mars. The depressions seem to be sinkholes characteristic of karst landscape in Earth. In some 
sections the series of closed depressions coalesce and form a shallow trench. In the sinkholes white outcrops appear, which are known from the 
Eagle crater, the landing site of Opportunity, too. At Anatolia region coalesced depressions form a longer trough where larger surface of the 
slopes are covered by the white outcrops. (http://marsrovers.jpl.nasa.gov/gallery/press/opportunity/20040408a/06-JT-01-sol70-B074R1_br.jpg) 
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Discussion: The formation of this layer goes back to 
the last stages of the probably Martian Ocean withdrawing 
to the northern deeper elevations. However, the withdrawal 
of the Northern Ocean was a gradual process in a geologic 
timescale. During this ocean withdrawal period wet climate 
caused that water circle moves water in the Martian atmos-
phere. This was the period of the Martian karst morphology 
(Boynton et al., 2003). First heavy, later gradually fainter 
raining may have been the precipitation agent forming this 
Meridiani Karst landscape. 
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Fig. 2. Sketch of the probably karst landscape on Mars and its terrestrial counterpart landscape from the Bükk Mountains, Hungary. On the Me-
ridiani Region some of the closed depressions coalesced forming the Anatolia trench. In the terrestrial section the analog doline region can be 
found above a cave system which was also shown on the sketch. The corresponding Martian section is hypothetical, but the layered structure is 
exhibited in several localities along the trench, at an impact crater on the way of Opportunity to the Endurance crater and was also exposed in 
Endurance crater (http://marsrovers.jpl.nasa.gov/). 
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