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The emplacement and alteration of impact ejecta has important implications 
for the formation of regoliths and soils on planets. Examination of suevite 
(impact melt breccia) at the Ries crater,  especially the fresh outcrops at the 
Otting quarry outside of the crater, reveals an abundance of vertical degas- 
sing pipes, which have only been briefly mentioned in the literature. A new 
search at other outcrops of the suevite revealed that they are widespread, 
although their abundance varies. The number and width of degassing pipes 
at the Otting outcrop were measured in 36 2-m-wide sections. Most of the 
pipes are 2 to 4 cm wide and the pipes occupy 5 to 10% of the upper portions 
of the outcrop. The size and number of pipes decreases toward the base of 
the suevite. Within the pipes, the fine grained matrix of the suevite has 
been removed, leaving coarser fragments that are coated with a layer of light 
brown clay. The smaller pipes are cylindrical, whereas the larger ones are 
planar, and all are oriented vertically. At the centimeter scale, the pipes 
deviate from vertical to go around larger inclusions in the suevite. Similar 
pipes are observed in ignimbrites [ I ] .  

The role of fluidization in the formation of degassing pipes in volcanic 
ignimbrites is shown by the experimental work of Wilson [2,3]. The effect of 
gas pressure on the poorly sorted mixture of irregularly shaped particles 
starts at low gas pressures with no expansion of the material, and the 
ejection or elutriation of fines cannot occur except at the very surface. At 
some higher gas pressure, the particles become partially supported by the 
gas and the deposit partly expands. A maximum pressure can be reached at 
which an instability occurs and part of the gas flow is concentrated into 
discrete channels or degassing pipes from which the fines are ejected. A 
possible internal gas source is the release of steam from the shock heated and 
melted clasts. Vesicles are common in glass bombs in the suevite. External 
gas sources are also possible: 1) Gas trapped during the formation of the 
flow. 2 )  A i r  incorporated at the front of a moving flow. 3 )  Gases released 
by combustion of vegetation and heating of surface water and groundwater. 
Heating of groundwater is a possibility, but the suevite at Otting sits on top 
of 45 m of clay-rich bunte breccia ejecta deposit. Heating of groundwater 
could have been important in the crater suevite, because groundwater would 
flow rapidly into the crater. However, our only data on the crater suevite 
come from drill cores, and degassing pipes have not been described in these 
samples. The lack of surface soil in the channels can also be explained by 
fluidization. For poorly sorted samples, Wilson [31 indicates that an upper 
fines-rich layer is produced by elutriation and is always vigorously fluidized. 
Bubbles emanating from segregation channels in the underlying material 
agitate the layer, preventing the channels from penetrating to the surface 
and sealing the pipes from later surface contamination. 

A scenario for the emplacement and alteration of the Ries ejecta is as 
follows: The lower bunte breccia was emplaced relatively cold and is 
probably equivalent to the continuous ejecta blankets observed on the Moon. 
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The suevite deposit contained a significant amount of heat and was emplaced 
on top of the bunte breccia, but did not incorporate any of the lower 
deposit. The degassing pipes indicate that the suevite was significantly 
fluidized after deposition on the bunte breccia. The suevite may represent 
the fraction of impact melt and ejecta lofted inward and upward by the air 
flow field produced by the refilling of the hole in the atmosphere from the 
projectile's passage [5]. The lofted material may form a cloud, analogous to a 
volcanic eruption column, that can subsequently collapse, creating the suevite 
deposits. The suevite was deposited on the bunte breccia in a nonturbulent 
fashion, since the contact of the suevite with the bunte breccia is sharp and 
usually undisturbed by any movement of the suevite, although occasional 
bombs pierced the bunte breccia [5]. In addition, there is no evidence for 
the formation of segregation features before the suevite had come to a 
complete rest. Wilson [2,3] has shown that segregation features can be 
produced in flowing material and they are stable against destruction by 
turbulence in the flowing sheet. However, channels produced during move- 
ment of the suevite would not be vertical, in contrast to the observed pipes. 

3 9 Fission track, 4 0 ~ r -  Ar, and paleomagnetic studies suggest that the 
deposition temperature of the suevite was about 550°C. The high temperature 
and presence of alteration minerals suggests the degassing pipes were pro- 
bably conduits for hydrothermal solutions after their formation [6],  but based 
on our petrographic observations, the channeled areas of suevite are probably 
no more altered to clay minerals than the suevite away from the channels. We 
conclude that the alteration clays in the suevite and in the degassing pipes, 
were formed following emplacement. Our clay mineral analyses by X-ray 
diffraction show that the clays from the Otting outcrop are primarily 
montmorillonites with some degree of illite interstratification. Significant 
hydrothermal alteration occurred, even though a limited supply of water was 
available. 

There are important implications of this work for the question of the 
origin of the martian soil. Suevite deposits, external to craters and subject 
to erosion, were probably widespread on Mars. In contrast to the Ries, the 
underlying Martian ejecta blankets probably contained significant amounts of 
ice, providing water for hydrothermal alteration. Because the heavily 
cratered terrain on Mars still covers half the,  planet, hydrothermal alteration 
of impact melt deposits may have contributed much of the martian soil. The 
thermal energy in the melt sheets may have also been sufficient to breach the 
frozen caps on groundwater systems, allowing water to flow out on the 
surface, possibly forming small valley networks [7]. 
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