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FLOOD SURGE IN MARTIAN OUTFLOW SYSTEMS: EPISODIC FLOW. R. A. De Hon, 
Department of Geosciences, Northeast Louisiana University, Monroe LA, 7 1209. 

INTRODUCTION (FLOW THROUGH MARTIAN CHANNELS) 
The outflow channels of Mars are compariable to  scablands formed by catastrophic floods 

associated with glacial outbursts on earth (it2). Because these outflows traverse surfaces 
unmodified by previous alluvial processes, the flow i s  consequent. Hence, the flow travels 
downslope controlled by the natural configuration of the topography. The flood surge may 
exist a s  an unconfined or semiconfined flow over much of i t s  length. The surge may be broken 
into various anastomosing branches that may or may not recombine a t  lower elevations. In 
addition, ponding along the various flow reaches retards the flood crests within each reach. 
The recombined flow a t  the terminus may appear to  be episodic. 

Terrestrial analogs of martian outflow systems are seen best in glacial catastropic outflows 
as  in the channeled scablands (it2) and jokulhlaups in Iceland (3,4). Other analogs of possible 
significance in understanding the flow history and i t s  erosional and depositional 
characteristics include the advance of flood crests during spring floods; multiple sequential 
dam failures along a valley sequence; and, perhaps, interbasinal drainage in arid regions. 
Martian wtflow systems provide an ideal example of drainage development on a previous 
undeveloped surface. 

MARTIAN EXAMPLES 
Lunae Planum Outflow Complex. Maja Vallis originates from Juventae Chasma and associated 
chaotic terrain on the eastern edge of Lunae Planum. The flow i s  traced northward for about 
iOOO km along the contact between Lunae Planum ridged plains-forming material and cratered 
terrain of Xanthe Terra. The flow ponded on northern Lunae Planum (5). I t  spilled over the 
Xanthe Terra highlands in numerous subparallel channels and collected in a basin behind the 
ridge system on the western edge of Chryse Planitia Idt7). As the water level rose, it crested 
the ridges and continued a s  a recombined flow northeast into mid-Chryse. 
Manaala Vallis. The Mangala Vallis outflow originates in the Memnonia Fosse region in Terra 
Sirenum. The outflow spreads northward for 450 km where i t  bifurcates. One segment, Labou 
Vallis, branches northwestward a s  the main flow, Mangala, continues to  the north. For 350 km, 
Mangala is traced a s  multiple channels across cratered terrain to Amazonis Planitia. 
Kasei Vallis. Kasei Vallis originates on the west side of Lunae Planum. Beginning in a wide box 
canyon rimmed by chaotic terrain, the outflow scoured a 300 km wide path as  i t  travelled 
northward and turned eastward to cut across Lunae Planum and Xanthe Terra. The flow finally 
dissipates 2000 km from i t s  source, in mid-Chryse Planitia (6). Along i t s  path, the flow was 
split by two major blocks of terrain and by many smaller massifs and craters. 
Elysium Channels. Granicus Valles, originating 200-300 km northwest of Elysium Mons, i s  
traced northwestard for about 1000 km. The s y s t e m  appears to begin a t  grabenlike troughs. 
Unlike Mangala and Maja, the multiple anastomooing channels are narrow and deeply incised. 
Any water flowing through the system would have been split and recombined many times. 

FLOOD CREST RETARDATION 
A flood crest originating by rapid release a t  the source will be directed by the natural 

configuration of the surface. Where hydrologic routing separates the flow into two or more 
semiconfined or confined flows, the flood waves will traverse each reach a t  different rates 
depending on the characteristics and lengths of each segment. Upon rejoining, retardation in 
m e  reach in respect to the other results in multiple flood crests in the recombined flow 
system. 
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Ponding in flow-breached craters and other natural basins along each segment will 
temporarily impede the flow until i t  fills the basin and spills over. Each such basin becomes 
the origin of a new flood crest. Ponding along individual reaches of a multiple channeled 
system will further separate the flow crests in the recombined flow regime. Multiple serial 
pnding may be seen along Labou Vallist and multiple parallel ponding fponding in different 
segments before recombining) may be seen in the lower Mangala Vallis system. 

Not all f l w  i s  recombined. In some Martian outflow systemst the flow diverges to 
different terminii. In the Mangala Vallis system, Labou Vallis branches northwestward from 
Mangala. Further downstream the Mangala system divides again to form two major branches 
which feed a multitude of smaller distributaries near the lower reaches along the highland 
escarpment. 

IMPLICATIONS FOR EROSION AND SEDIMENTATION 
1. The initial outflow has high capacity a t  release and a correspondingly high erosion rate. If 
the flow i s  impounded along i t s  courset sedimentation occurs within the site of ponding. 
Release from secondary storage results in renewed erosional capacity downstream. 
2. Retardation of flow in different drainage courses of an anastomosing system results in 
episodic flow in the downstream region which looks like episodic release from the source area. 
Thust a single outburst i s  translated into episodic surges a t  great distance from the source. A 
large number of "baffles" in the system could translate an outburst into a sustained flow with 
minor surge crests. 
3. If the outflow channel has no interuptions, sediments a t  the downstream terminus could be 
derived from along the entire length of the system. On the other hand, if the flow ponded, 
sediments a t  the terminus are derived from below the last si te of impoundment. 
4. Erosion and deposition in the terminus reflects varying energies in the system a s  the flow 
regimen changes with each surge and nonsurge episode. 

TERMINAL DEPOSITS 
Deposition a t  the terminus of an outflow system may be by decreased capacityt by loss of 

volume (evaporation or i n f i l t r a t i ~ n ) ~  or by loss of velocity (decreased gradient or flow into 
standing water). Flow reaching the terminii of the various outflow systems will be greatly 
modified from the initially released flow crest. In anastomosing and multi-ponded reaches the 
flow crest i s  reduced to  multiple smaller crests. The terminus will experience waxing and 
waning episodes over an extended period of time compared to the length of time of the initial 
release. The resulting terminal deposits will reflect a complex history of depositional 
sequences punctuated by erosional episodes. Sufficient multiple retardations and 
recombinations may produce a sustained flow in the lower reaches of an outflow system. Thus 
the history of release a t  the source and record a t  the terminus may be vastly different. 
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