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DEPOSITIONAL PATTERNS AT THE MOUTHS OF THE MARTIAN OUTFLOW 
CHANNELS (DAO, HARMAHKIS, MAJA, AND ARES VALLES, MARS); G.G. Ori, 
Dipartimento di Scienze Geologiche, Universita' di Bologna, 401 27 Bologna Italy 

The depositional systems at the mouths of the outflow channels on Mars must be 
investigated bearing in mind that the variables controlling their accumulation are rather 
different from those working on the Earth The deposition has been controlled by a 
number of factors that complicate the sedimentological interpretation. (A) The type of 
flooding is of paramount importance: catastrophic floods shaped the valles and filled the 
basins, but smaller floods occurred probably at late stages. (B) The morphology of the 
mouths derived by the pre-existing topography, but large-scale erosion, produced by the 
floods, modified the physiography of the channel mouths. (C) A major role has been 
played by the water level. Difficulty in recognising Earth-like deltaic structures is primarily 
due to the catastrophic floods that have not or little counterpart on Earth [I]. Deltaic 
features cannot form during the high-energy events that enter into an empty basin. 
Further, low-energy flows cannot form, again, delta-like structures because there is not a 
shelf, but the currents flow directly on the basin floor. This type of floods cannot form 
deltaic systems, but rather it would accumulate a laterally extensive sheet of sediment 
hardly recognisable from remote sensed data. Later, if a body of standing water was 
present, underflows or turbidity currents can occur distally from the channel mouths. 

Two couples of outflow channel mouths, one from the Chryse Planitia and the other 
from the Hellas Basin, show contrasting morphological patterns within the same basin. 
The mouths of the Harmahkis and Ares Vallis exemplify the most common type [2]. They 
show very broad mouths gently diverging from the channel borders. The floor of the 
channel termini appears to be flat and merging, with not or little change in gradient, into 
the basin floor. These flat surfaces could represent the top of blankets of sediment 
deposited during the catastrophic floods. In three dimensions the bodies of sediments 
are sheet-like, being thin with respect to their lateral extension. These sediments seem 
to flood the distal part of the outflow channels suggesting onlap geometries between 
them and the substratum. On Earth, there are not exact equivalents of these deposits. 
Some analogies can be found with the turbiditic depositional systems [3]. This type of 
system is quite complicate and relatively poorly known. Most detritus is deposited during 
strong erosional episodes, when the sea-level is in a low stand position. In these stages 
the erosional power of the rivers is rather large and alluvial basin, as well as the 
exposed shelves, are deeply incised. At very high energies, the detritus is poured 
directly on the marine basin floors. The resulting sedimentary bodies consist of flat 
extensive layers of sand with lobes forming gentle relieves. The mouth of the Maja 
Vallis [4] is quite different from that of the Ares Vallis, which is a few hundreds kilometres 
apart and belong to the same basin. The hydrological history of the Maja Vallis is 
complicated by a set of pounding areas working as discharge buffers. The mouth in the 
Chryse Planitia lies downstream a gorge [5]. The related deposits show a remarkable 
fan shape making it extremely similar to the terrestrial alluvial fans (as can be seen from 
aerial view). The fan-like depositional system rests on a steep slope of the substratum 
and the elevation of its toe is higher than that of the basin floor. In other words, the 
mouth deposits of the Maja Vallis were accumulated by the stream currents with little or 
not direct interaction with the standing water of body filling the Chryse Planitia. This 
factor, along with smaller discharges (due to the pounding effects and the presence of 
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gorges), allowed the formation of features similar to the terrestrial alluvial fan or fan delta 
PI. 

Harmahkis and Dao Valles, from the eastern margin of the Hellas Basin [6], display a 
different type of contrast. The mouth of the former feature is similar to that of the Ares 
Vallis whereas the Dao mouth is complicated by a topographic relief. Downstream of the 
enlargement of the Dao Vallis, a smaller channel is present [6]. This channel seems to 
be directly connected to the Dao channel, but it is different in both shape and dimension. 
Moreover, two narrow belts of lighter material surround on both sides this channel, 
suggesting the presence of natural levees. The spatial correspondence of the two 
channels suggests that they formed during the same stage of the depositional history. If 
this is true, their remarkable difference must be explained. In order to produce such a 
difference, two separate kinds of depositional processes must be involved. The Dao 
outflow channel could be formed in the usual way by mean of catastrophic floodings, 
whereas the smaller channel could be formed by turbidity or underflow currents when a 
standing body of water was present in the Hellas Basin. At this stage, the presence of an 
high base-level (the water level of the inundated basin) and the fact that most detritus 
has been already mobilised by the catastrophic floods, could lead to the formation of 
low-energy currents transporting small amount of sediment. These currents must be 
turbiditic, that is produced in a body of liquid, in order to explain the by-pass area which 
is present from the terminus of the outflow channel and the beginning of the smaller 
channel. If the system was subaerial, the head of the latter channel should be deeply 
incised into the relief separating the two channel types. 

Summing up and putting this scattered data in a single model, the outflow channels 
are shaped and activated during catastrophic floods that deposits thin blankets of 
detritus into the basin. The base level corresponds to the basin floor. At this stage the 
basin is filled totally or partially by liquid water. Resedimentation, lower-energy currents 
(underflows or turbidity currents) form minor systems (partially similar to the Earth 
analogue of the channel-levee complexes in the submarine fan systems). This kind of 
resedimentation could be active even with the presence of ice in upper part of body of 
water, and, eventually, it will be inactive only when the entire mass of liquid will freeze 
Valles systems that do not enter directly into the standing body of liquid water could form 
(as in the Maja case) features similar to the alluvial fan-fan deltas of the Earth. 
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