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POLYGONAL TERRANE OF MARS: STRESSES FROM DRAPE FOLDING, George E. 
McGi and L. Scott Hills, University of Massachusetts, Amherst, MA 01003. 

The giant polygons of Acidalia and Utopia planitiae pose a fascinating mechanical problem: 
all of the earth analogues that come readily to mind are almost certainly invalid. Polygonal 
structures on the earth demonstrate a roughly 10: 1 relationship between polygon diameter and the 
depth of the bounding fractures (1). Transferring this relationship to the giant polygons of the 
martian northern plains, which are 5-20 Km in diameter, requires that fracturing driven by cooling 
or desiccation penetrate to depths as great as 2 Km. This is mechanically unlikely, as is 
convincingly argued by Pechmann (2), who concludes that only deep-seated tectonic stresses could 
account for the fracture depth required to form such large polygons. But the giant martian 
polygons do not resemble any known tectonic structures (2,3). Polygonal tenane corresponds in 
age to large outflow channels that drain from the highlands into the lowlands (4), and it occurs 
in the topographically lowest parts of the lowlands (5). It also can be shown hat the polygonal 
troughs formed almost immediately following deposition of these materials (3), a timing that does 
not rule out a tectonic origin, of course, but which does strongly suggest a link between deposition 
and fracturing. Geological evidence thus favors a model for polygon formation that involves 
shrinkage stresses due to desiccation of wet sediment. However, most similar structures on earth 
have dimensions on the order of centimeters to meters; rare large polygons with diameters up to 
300m are known from a few playas (6). 

The martian polygonal terrane was deposited unconformably on top of a rugged surface 
characterized by knobs, mesas, fragments of ancient crater rims, and scattered fresh craters (3,7). 
This rugged surface is exposed south of the polygonal terrane of Utopia planitia Northward, the 
surface is increasingly obscured by younger plains deposits until it disappears completely beneath 
polygonal t e m e  (7). Circular troughs present among the more irregularfy shaped polygons 
within polygonal t e m e  occur above buried fresh craters similar to those exposed to the south. 
The complete burial of a crater population that includes craters as large as 40 Km in diameter 
requires that polygonal terrain be at least 450111 thick (8). Moreover, the sediments also must be 
thick enough to cover the crater rims to depths greater than the apparent depths of the circular 
troughs, implying a thickness on the order of 600m. The presence of rugged topography beneath 
a thick layer of wet sediment will result in the development of drape anticlines and synclines as 
the sediment compacts because the total downward displacement of an originally horizontal plane 
within the sediments will vaxy directly with the thickness of compacting underlying material. These 
drape folds will superpose bending stresses onto the pemasive tensile stresses due to desiccation 
shrinkage. The objectives of this research are 1) to test the feasibility of this model by estimating 
the magnitudes of the stresses involved, and 2) to continue developing an hypothesis for polygon 
formation that considers both geological and mechanical data. 

Bemuse crater morphology is well known (8), and because of the geometric simplicity 
provided by radial symmetry, our mechanical analpis considers the sp&c case where the rim of 
a crater 10 km in diameter is covered by sediments thick enough to bury the xim to a depth of 
400m. For purposes of anatysis, it is convenient to consider the lower part of the sedimentary 
layer filling the crater as an "older fill", and the upper part as a "younger cover". This may 
actually represent the true geological history of the deposit, but the analysis does not depend on 
this. 

Two quantitative models are attempted, one based on plate-bending theory, the other using 
finite-element methods. Both models draw on the literature of soil mechanics to estimate the 
rheological properties of polygonal t e m e  materials. Most normally consolidated sand- and clay- 
rich soils exhibit Young's moduli in the range 5-75 MPa, and Poisson's ratios between 0.25 and 
0.40 (9). Cohesive strengths commonly are negligible, and shear failure is governed by angles of 
internal friction averaging 30'. The plate bending model considers all material above the crater 
rim to be an elastic plate that is bent as the underlying older £ill compacts under the load of the 
younger cover. Because boundary conditions impose a sinusoidal shape on the bent plate, this 
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approach does not predict a very realistic shape for a drape fold formed over the upward-concave 
slope of a crater wall. However, the sixiusoidal shape underestimates bending stresses, and thus 
is conservative. The 5ite-element model considers the three-dimensional elastic deformation 
of older fill and younger cover as a function of position and time. The buried crater rim is 
modeled using a cubic spline, hence the shape of the resulting drape fold seems very realistic. 
Because of the flexibility sf the finite-element method, various depth-dependent combinations of 
elastic properties and extent of preconsolidation can be modeled. The assumption of purely elastic 
compaction, although probably not very realistic, also is conservative. 

The two approaches yield similar results. Even when very conservative estimates of 
compaction of older fill are used (<lo%), failure by brittle fracture or by shear is predicted to 
depths of the fight order to account for the troughs bounding the martian polygons. This result 
is obtained without considering the tensile stresses due to desiccation shrinkage. If these are of 
the same order as the bending stresses, as seems likely, then not only are the total stresses 
available adequate to cause failure to the requisite depth, but superposition of these two stress 
systems will produce significant differences in total tensile stresses available to initiate fracturing 
at the surface; the probability of fracturing will be enhanced by drape anticlines and domes above 
crater rims and knobs/mesas, and suppressed by drape synclines between these features. Thus the 
scale of the polygons relates to the spacing of buried topographic features rather than to the 
strength/thickness characteristics of the sediment layer. 

Compaction and bending must occur quickly enough for elastic strains to build up faster 
than they can be relaxed by pseudoviscous creep. Eqdqjentpmnty of soil is rarely determined, 
but in slow landslides it is estimated t be about 10 -10 MPa-s (10). Maxwell times for 8 materials with equivalent viscosities of 10 -lo8 m a - s  and oung's moduli of about 10 MPa are P months to years. Very large Maxwell times (order of 10 years) would thus seem to require 
unrealistically high equivalent viscosities. Consequently, it appears as if the formation of the 
martian polygons must be a geologically rapid process. 
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