
 
Figure 1: Mastcam R0 mosaic of Old Soaker (Sol 1555).  
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Introduction: Images acquired by the Mastcams 

aboard the Mars Science Laboratory (MSL) Curiosity 

rover along its recent traverse through the upper Mur-

ray formation (fm.) in Gale crater show the presence of 

distinctive, cm-scale reticulate features exposed on the 

surface of multiple red/purple-toned rock slabs. These 

features are expressed as raised ridges and are regarded 

as candidate crack fills. Due to the unique geometry of 

the raised ridges, the rover examined the target named 

Old Soaker to carry out a suite of contact and remote 

observations from Sols 1555-1571. Here we present 

recent observations from the Old Soaker site and dis-

cuss our preliminary interpretations.   

Stratigraphic Context:  Old Soaker is located at a 

stratigraphically high position in the ~200 m thick 

Murray fm., which is composed mainly of mudstones 

and records a history of lacustrine deposition punctuat-

ed by episodes of sandstone emplacement during fluvi-

al or eolian events [1]. The portion of the Murray fm. 

most recently explored is expressed as a sloping sur-

face made up of broken, m-scale slabs of rock sur-

rounded by dark gray windblown sand. Fine lamina-

tions, cm-scale ripple cross laminations, dm-scale 

cross-stratification, and massive bedding are all ob-

served within this portion of the Murray, indicating a 

heterogeneous assemblage of facies recording alterna-

tion of environments. The rock slabs immediately sur-

rounding Old Soaker are generally interbedded gray- 

and red-toned strata which exhibit similar raised ridges. 

Observations at Old Soaker: During Sols 1566-

1571, the Mars Hand Lens Imager (MAHLI) instru-

ment collected an extensive set of images at Old Soak-

er in order to characterize the geometry of the raised 

ridges, the nature of their fill, and the grain size of the 

underlying and overlying materials. MAHLI observa-

tions included three nadir images acquired from ~80-

90 cm standoff spanning Old Soaker, 1-25 cm standoff 

nadir images of raised ridges in the red-toned layer 

(targets Mill Field, Bar Island, Thompson Island, 

Hodgdon Pond, and Beech Mountain) and of the red-

gray layer contact (targets Eagle Lake and Fresh 

Meadow), a 15 cm standoff oblique image of the block 

edge (target Squeaker Cove), and multiple images of 

gray features within the red-toned layer. Additionally, 

the ChemCam Laser Induced Breakdown Spectrometer 

(LIBS) and Remote Micro Imager (RMI) collected 

measurements of Old Soaker and nearby blocks with 

similar raised ridges [2].  

Results: The Old Soaker block is ~80 cm long and 

40 cm wide. The red-toned layer is up to 1 cm thick 

and overlies a gray-toned layer and thin, bedding-

parallel seams of Ca-sulfate. No grains are resolvable 

in the highest resolution MAHLI images of the red-

toned layer (~16 µm/pixel), indicating a maximum 

grain size of coarse silt. Multiple scales of fracture-

related features occur in the red-toned layer including 

long, arcuate mm-wide fractures filled with Ca-sulfate, 

sediment-filled raised ridges up to several mm wide 

that define polygons and are frequently associated with 

Ca-sulfate veins, and sub-mm wide fractures with Ca-

sulfate that are contained within the polygons (Fig. 2). 

Sub-cm patches of dark material, perhaps alteration 

halos, dot the top of the red-toned layer, and dark-

toned material also forms 5-10 cm wide polygons on 

portions of the surface [3].  

The raised ridges form 4- and 5-sided polygons 

with average length scales of 1-2 cm. The ridges are 

filled with red-toned sediment of indiscernible grain 

size (maximum coarse silt). Thin Ca-sulfate veins fol-

low and in some cases cross-cut some of the raised 

ridges, though Ca-sulfate veins do not propagate along 

all raised ridges (Fig. 3). The ridges taper off gradually 

within mm-scale depressions in the red-toned layer and 

terminate at the contact between the red-toned and un-

derlying gray-toned layer (Figs. 2, 4). The gray-toned 

layer is coarser grained, with coarse silt and very fine 

sand. The ridge material exhibits enhanced K2O and 

depleted Al2O3 abundances similar to the underlying 

gray layer [2]. 
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Fig. 2: MAHLI mosaic of three ~25 cm standoff nadir imag-

es of the targets Bar Island, Thompson Island, and Mill Field 

located in the center of Old Soaker. Lower right: small (mm-

scale vertical relief) depression where sediment-filled ridges 

disappear. Lower left: underlying gray layer. 

1566MH0001900010600669C00, 711C00, 719C00. 

Interpretation of Polygonal Features: Several 

observations suggest the polygonal ridged features 

formed as desiccation cracks: 

1) The ridges compose polygonal networks with pre-

dominantly T- and some Y-junctions and continu-

ous arcuate ridges, ranging in length from cms to 

~0.3 m, consistent with the morphology of desic-

cation crack networks. 

2) The ridges penetrate the underlying red-toned lay-

er, indicating that they originated as fractures and 

were filled with sediment. 

3) The characteristic polygon length scale of 1-2 cm 

is consistent with a mm-scale deformable layer 

thickness similar to that of the red-toned layer. 

4) The ridges are apparently restricted to thin inter-

vals within fine grained red-toned beds and termi-

nate at the boundary with underlying coarser-

grained gray material. 

5) The ridges are filled with fine-grained sediment. 

Sulfate veins that run along some of these ridges 

are interpreted to post-date their formation on the 

basis of cross-cutting relationships. 

6) Nearby seams of bedding-parallel Ca-sulfate are 

suggestive of incipient evaporite minerals.  

Other formation mechanisms such as hydraulic 

fracturing, which accounts for fractures elsewhere in 

Gale strata [4, 5], should also be considered. At the 

Old Soaker locality the geometry of the ridges tends to 

disfavor the hypothesis that they formed via hydraulic 

fracturing; the low stress required to control the orien-

tation of hydraulic fractures should yield relatively 

consistent fracture orientations that are not observed at 

Old Soaker or nearby blocks [6, 7]. The arcuate geom-

etry and orthogonal intersections of the cracks reflect 

progressive crack growth due to local stress perturba-

tions of  uniform material under nearly isotropic, sur-

face-parallel 

stress common 

in materials 

experiencing 

surface con-

traction due to 

moisture loss 

or cooling. If 

the raised 

ridges formed 

as desiccation 

cracks, sand-

sized grains 

that fell into 

open cracks 

from an over-

lying sand-

stone bed could be reflected by grain size differences 

between the fractures and surrounding bed, which 

might be considered as definitive evidence for desicca-

tion. This criterion is not observed at Old Soaker, but 

the vast majority of rocks observed in the upper Mur-

ray Fm. have a grain size at or near the limit of MAHLI 

resolution.  

Conclusions: The Curiosity rover team recently in-

vestigated polygonal features in the upper Murray fm. 

unlike any before seen during the mission. The mor-

phology and composition of the features is consistent 

with their formation via desiccation, although other 

formation mechanisms cannot be excluded. The pres-

ence of possible desiccation cracks supports the notion 

that this facies 

of the Murray 

fm. records os-

cillating lake 

levels, some-

times to dryness. 

The prevalence 

of T-junctions 

indicates drying 

to completion, 

rather than mul-

tiple wetting 

cycles re-

quired to form 

primarily 120° 

angles. 

References: [1] 

Fedo, C. et al. 

(2017) LPSC 48. 

[2] Mangold, N. et al. (2017) LPSC 48. [3] Schieber et al. (2017) 

LPSC 48. [4] Caswell, T. E. et al. (2015) LPSC 46. 1889. [5] 

Schieber, J. et al. (2016) Sedimentology. [6] Gale et al. (2014). 

AAPG Bulletin. [7] Zoback, M. D. pers. comm. 

Fig. 3: 1 cm standoff nadir MAHLI of 

the Thompson Island target on Old 

Soaker. The raised ridges are up to a 

few mm across and exhibit sub-mm to 

mm-scale vertical relief. Ca-sulfate 

veins run along some, but not all, of 

the fractures. 1566MH0003386001060 

0741C00. 

 

Fig. 4: ChemCam RMI of the Squid 

Cove block adjacent to Old Soaker. 

The raised ridges in the overlying red-

toned layer do not propagate into the 

underlying gray layer. A thin seam of 

Ca-sulfate is visible parallel to the 

bedding. 
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