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THUMBPRINT TERRAIN ON THE NORTHERN PLAINS: A GLACIAL HYPOTHESIS; 
J. F. Lockwood (Sahuaro High School, Tucson, AZ.), J. S. Kargel, R. B. Strom (Lunar and 
Planetary Lab) 

Much controversy surrounds the nature of the thumbprint terrain of the Northern Plains of Mars. 
Otherwise known as "smped ground"l or whorl-patterned terrain2, these areas of curvilinear, parallel ridges, are 
found overlying millions of square kilometers between 30 and 500 N , although a very large area (420,000 km2h 
centered at 13O N, 272O lies near the equator. The ridges often appear to be continuous in nature when seen at low 
resolution, but many reduce to a series of "beads" when seen with high resolution. Each area of thumbprint 
terrain (represented hereafter as "Wt) is associated with anastomosing channels and channel floor ridge$ thought 
to be subglacial drainage features 4,5. The tops of many of the knobby thumbprint beads appear to be indented 
along its top surface to some degree . Single ridges can be composed of up thirty of these beads connected 
together via shallow undulating valleys, making some ridges over 30 km. in length. Other ridge systems appear to 
be reduced to isolated beads with several hundred meter gaps separating them. Several explanations have been 
proposed for the genesis of this type of terrain, among them recessional moraines ice-pushed ridges7, linear ice- 
cored ridge$, products of the breakdown of surface material by subsurface ice9, or overlapping lava flow lobes that 
were fed by lava tubes or that erupted from the base of small v o l c a n ~ e s ~ ~ .  We have found that if examined in an 
integrated way with other glacial appearing landforms in a regional and a global context, that thumbprint terrain is 
in reality a general term for several types of glacial moraine, produced by a complex series of warm ice, water and 
cold ice interactions. We have completed a survey of the Northern Plains, mapping the areas of TT against 
elevation (see Fig 1). 

Thumbprint terrain occurs primarily on the Northern Plains of Mars between 30 and 500 N, although the 
largest concentration , an area larger than the state of Arizona, some 420,000 km2, occurs near the Martian equator, 
centered at 13O N, 2720. Another large area, 270,000 km2, is centered at 56O N, 172O, and a third (93,000 km2) is 
near 28O N, 263O. In all, the whorl-like ridge patterns are found from 7O to 57O N and are situated between the 0 
to -2 contours. The remaining areas of TT are smaller, ranging from 5,000 to 60,000 krn2, and seem to parallel 
the 0 contour. 

In some areas, the ridges are reduced to the previously mentioned "beaded" hills. These hills are 
remarkably uniform in size, ranging from 300 to 800 m. long, with the vast majority 400 m. in length and 300 m. 
in width (N = 193). In some regions the hills, whether connected or separated, line up in parallel rows, and have a 
separation or "wavelength" of between 2 and 4.0 km (see VO frame 146323). In other regions the ridges, and the 
knobs that constitute them, degenerate into a more chaotic pattern (See VO frame 146 S 17). Scott and underwood7 
supposed the hills and ridges were glaciotectonic landforms which were a combination of ice-shoved or ice-thrust 
ridges (known as "push moraines") and ice-scooped hollows. These are common features in terrestrial glaciated 
regions. 

We propose that 'IT has a sublacustrine origin. Rogen and De Geer moraines appear of fit the parameters 
of 'IT to a large degree. Rogen moraine, explained as an underwater glacial push moraine, give a irregular ribbed 
appearance to the 1and~ca~e.l l In Quebec, individual ridges range between 10 to 30 meters high, over 1 km. long, 
and have crests between 100 and 300 meters apart. The ridges are "gently arcuate, and slightly concave 
upglacier"12. De Geer moraines are smaller features, seldom reaching 15 m. in height. Their separations 
(wavelengths) can reach 300 m. De Geer moraines may form some distance behind the margin of an ice sheet which 
floats in a sea or lake13 , but their origin seems to be a matter of conjecture at the moment. Some investigators 
believe that most thumbprint ridges may be formed in sets by aqueous crevasse filling at the glacial sole14. 
Sublacusmne recessional moraine ridges were discovered by soundings off the coast of Norway in over 400 m of 
water. These moraines are more than 1 km long and are up to 30 m in height. They appear to be directly deposited 
by glacier ice in at least 400 m of water15 . Other such large moraines have been detected in other shelf areas16 in 
the Gulf of Bothnia under 150 m of water and off the coast of ~abrador l~ .  Martian 'IT, in its fully developed ridge 
form, or in its knobby form, appears to be an order of magnitude larger than these terrestrial examples. 

The pattern of esker-like features, many radially situated to the center of interconnecting basins on the 
Northern Plains lends support to the notion that a disconnected ice sheet once covered this region at some time in 
the Martian past. In an era of a warmer climate on Mars, this ice sheet may have been juxtaposed with a lake or 
ocean on the order of a lOOOm deep18. The subsequent ablation in a colder climate could account for many of the 
moraine features which are evident in these regions. Further study is necessary to ascertain whether the types of 
TT found on the edges of the basin are fundamentally different from the TT found closer to the center, that is, 
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whether the outer moraines could be formed by a wet glacial environment while the central basin 'IT were formed 
somewhat later by drier, colder glaciotectonic processes. 

It may be possible to classify the three types of thumbprint terrain as the result of three different morainal 
deposition or erosional episodes. 'IT may be a combination of end or recessional moraines, push moraine, and De 
Geer-sublacusuine type moraine all deposited at different stages in the evolution of a marine ice sheet. Some 
investigators believe that most thumbprint ridges may be formed in sets by subaqueous crevasse filling at the 
glacial sole.18 The final disintegration of the glacial lobes may have produced glacial karst topography near the 
center of the basin regions, such as in the case of the Isidis Planitia, instead of more structured type moraines. 
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, Figure 1. Preliminary map showing distribution of thumbprint terrain between latitudes of 0 and 57' N (stippled 
areas within bold outlines). Regions lying above the 0 km datum are patterned. 
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