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Streaking on Earth and Mars. M. Justin Wilkinson, Lockheed 
Engineering and Sciences Co., 2400 NASA Rd. 1, Houston TX 77058. 

Analysis of martian wind streaks has provided a mass of data on that 
planet's near-surface atmospheric circulation (1). Ironically, little attention has 
been given to streaks in Earth's deserts or in snow-covered landscapes: "With the 
exception of modeling studies, the relation of topography to streak pattern and 
distribution has not yet been studied in detail" (2). This remains true a decade 
l a t e r .  Here I document subtle, previously unknown processes, largely from 
Namibia, that engender variations in streak orientation, location and movement. 

Morphology and Albedo. Earth streaks have not been classified beyond 
the categories of sandlsnow and erosive/depositional. The shape of the vast 
majority of Earth streaks is narrow and linear with parallel sides. A smaller 
group is wide with tapering, ragged downwind edges. Analysis of Space Shuttle 
photographs in particular shows that linear streaks are related to individual 
obstacles on otherwise substantially flat plains; and that wide streaks are related 
to irregular topography, typically serrated ridges. Irregular ridge crests 
apparently generate a complex of horizontal wind vortices of different  
magnitudes and altitudes above the surrounding plain. Such vortices are 
probably responsible for generation of wide, ragged streaks downwind of ridges. 
The same explanation for the difference between the two streak types probably 
applies to Martian streaks. 

Martian teardrop splotches and fan-shaped streaks have not been 
identified on Earth. 

It is frequently possible to isolate martian populations of bright and dark 
streaks, each population sometimes aligned differently and displaying different 
long term behavior (e.g. 3). Although terrestrial streaks can be classed as bright 
or dark with respect to their neighbors, or a substrate, no obvious clustering into 
identifiable populations has been identified. Bright and dark streaks usually form 
together in any one area. It is possible that a similar strongly heterogeneous 
pattern may become apparent on Mars with finer scales of resolution. A 
terrestrial exception occurs where streak source material is strongly bright or 
dark, and the source lies near the streak, so that a streak of similar albedo 
develops. Although particle size control of albedo is a well known phenomenon 
(see I) ,  source area control of sand and dust color on Mars is  probably as 
i m p o r t a n t .  

A phenomenon which can cause confusion in identifying streaks concerns 
liquid flows on gentle slopes. In arid settings on Earth, pediment surfaces 
typically display dense networks of rills oriented downslope, a pattern easily 
confused with streaks because of its straightness and because of its origin, like 
streaks, at the foot of topographic highs. Since liquid flows of various viscosities 
have probably occurred on Mars (4), care is needed in distinguishing liquid from 
aeolian patterns. 

Streak distribution. In general, topographically smooth plains appear 
to be more conducive to streak formation than mountainous or  hilly terrain on 
both Mars (1) and Earth. Nevertheless, terrestrial streaks have been identified in 
areas of some boundary layer roughness. (a) Streak fields can be seen on 
interdune flats where large dunes are well spaced; (b) they have also been 
observed in major valleys of rivers which flow into dune fields. (c) Areas of 
particularly high winds such as the high Andes, although mountainous, can also 
give rise to broad, ragged streaks on playa floors where local topography is flat 
and deflatable material abundant. Suggestions of streak development in major 
chasma of Mars are suggestive of katabatic atmospheric circulation. 
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S t r e a k  o r i e n t a t i o n s  - -  s h o r t -  a n d  l o n g - t e r m  wind  regimes.  
Adjacent groups of streaks can be aligned in different directions. In fact one 
topographic obstacle can display two streaks, each aligned with its own formative 
wind. Situations are known in which two sets of tapering streaks cross one 
another on the flat surface of a coastal salt flat. Such overlap is often a product of 
seasonal changes in wind regime. The phenomenon of bright and dark streaks 
emanating from single craters occurs on Mars and relates partly to major dust 
storms. Smaller streaks might be expected to be related primarily to seasonal wind 
shifts, however, as on Earth. 

Streaks have been aptly categorized as variable features (5). One source of 
variability remains to be documented on Mars although it commonly occurs on 
Earth. Streaks often develop downwind from barchan dunes. In a bi-directional 
wind regime streaks may then be aligned as much as 90' from the line of 
movement indicated by the barchan slipface. As the parent barchan migrates, 
the daughter streak can be seen to move as well (a rate of ca. 25mlyr being 
measured in one instance in the coastal Namib Desert). Strongly disparate 
alignments of dune advance and streak indicate the coexistence, probably in 
different seasons, of different wind systems. Barchans, as moving parent 
obstacles, probably give rise to the same phenomenon on Mars, although image 
resolution may be insufficient as yet to illustrate this. Barchans with very long 
arms also give rise to large ragged streaks which are areally greater than the 
parent dune. They may be thus the only part of the entire feature to be seen from 
orb i t .  

Smaller but definite differences in alignment (5-15") between formative 
winds of dunes and streaks probably relate to frictional control of near-surface: 
many examples exist of daughter streak alignment lying closer to gradient wind 
directions than formative winds of the "rougher" parent dune. 

Streaks hold paleoclimatic interest on Earth when compared to alignments 
of dunes in nearby dune fields. Streaks in many of Earth's deserts are often 
aligned tens of degrees askance from winds responsible for formation of nearby 
sand dunes. This suggests that the dunes reflect paleowind systems, since streaks 
are features demonstrably related to modem wind regimes. Similar perspectives 
may be available from such comparisons of Martian aeolian features. 

Upwind streaks are long, narrow sand veneers apparently deposited along 
the line of movement of migrating groups of dunes -- i.e. on the upwind side of 
the dunes (although downwind of the source point, in this case a small bay). 
Streak width is the same as dune-group width. The cause of such streaks is 
unknown but may relate to irregular ground surfaces or  to  the existence of 
vegetation. Whatever the cause, they can give an erroneous impression of wind 
direction if dune slipfaces cannot be identified; the level of resolution necessary 
for such detailed determinations is often unavailable on the Martian imagery. 
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