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Introduction Discussion

Experiments in unconsolidated sediment

* Deposition of sediment in

Groundwater sapping channels on Mars Previous work b .
Deposition inside channel Constant removal of sediment the Sapplng Channel causes
 ‘Theatre-headed’ valleys on Mars are often attributed to groundwater seepage (Fig 1). * Experimentsby Howard (1988): groundwater fl Stump erosion Slump erosion lateral erosion, due to:
e Channels appear in different forms: single channels and channel networks, various flow through a steep wedge of sediment in i | Slump deposition - stabilisation of the channel
sizes, often observed on crater or vallis edges. IIATEOWY ﬂ}1me: . o T opage Poind _) head, and T
| _ _ - Sapping groundwater triggers mass Fluvial erosion | ; | ;"'/ L - avulsions on the downstream Kleinhan
Hypothesised requirements for channel formation wasting (slumping) processes at and just Fluvial erosicn Fluvial erosion fan.

Fluvial transport Fluvial transport

Fluvial depositi ]
i uvial deposition i e For the formatlon Of d long

valley, the material needs to be
transported out of the channel.

above the seepage points,

- Sediment is removed from the sapping
channel by fluvial processes.

* Water source:
- Global groundwater system, or Sediment source
c e e Erosion mechanism
- Local, precipitation-fed, recharge

Lateral erosion Headward erosion

* Inawider flume
- Multiple, parallel, long channels form.

* Episodicremoval of sediment
is unlikely as:

- prior to removel, the deposits
would trigger lateral migration of

the sapping channel,
Fig 6) Deposition of sediment causes the sapping channel to widen as - there are no traces of larger
the channel head is no longer destabilized and downstream avulsions
trigger lateral migration of the channel. Removal of sediment is required
for the sapping channel to develop in headward direction.

 FErosion mechanism: Water __
- FErosion ofloose sediment (Howard | “7""°

& McLane 1998), New experiments

- Erosion ofrock (Lamb etal., 2006), Fig 2) Requirements to form a sapping channel. Several e In the experiments of Howard sediment

- Typical form caqsed by weathering  hypothesis exist for each element flowed out of system via a drain, Fig 3) Processes observed in sapping groundwater experiments: mass
processes (Pelletier & Baker, 2011). movements of the head of the channel and fluvial processes further

. : : * Inourexp eri.me.:nts thedep OSi.tiOIl ofsediment o, nstream, the latter destabilized the channel head and triggers slump-
Missing links in reseach takes place inside the experiments. ing of the channel head.

Sediment . . Sediment
transport sink

(overland flow) events in most
cases on Mars and almost maximum
groundwater discharge is already

e Sediment transport processes always come with considerable assumptions: ded fi '
needed for sapping.

Key results
- Only small grains are present due to weathering (Luo & Howard, 2008) y

- Occurs episodic with high flow intensities to remove material (Luo & Howard, * Inanarrow flume, single channel (Fig 4):

2008; Pelletier & Baker, 2011). - Deposition of slumped material causes
stabilisation of the channel head,

- The slumping / mass wasting arearemains
inactive (stabilized) until deposits are
removed by fluvial processes: the system

Reseach questions shows cyclic behaviour (Fig. 3),
- Downstream deposits stabilize the entire

sapping channel when the gradient
- Sll 1cient amount ofwater from sappmg? becomes tOO IOW f()r ﬂuvial transport.

* What are the eftects of deposition of sediment? * Inawide flume (Fig 5):

* Sediment sink:
- In previous experiments, sediment was removed using a drain,
- Possible sediment sinks on Mars: deep downstream valley, delta / tan deposits.

Ongoing work

Experimental work

* To diminish scale eftects on transport mobility: experiments with low-density sediment
- Plastic sediment with natural shaped grains,
- Scalable permeability with grain-size mixtures,
- Low density to scale sediment mobility.

* Are the channels capable of transporting the eroded sediment?

- Headward erosion of a channel 1is
hampered by downstream deposition
of a fan or delta, in these cases the

 Experiments to identify the possible roles of overland flow / precipitation.

P ool widens d liome i the 119 4) Sapping experiments in narrow flume (also see Kleinhans 2010). Morphometric analysis of water sources and sediment drains
channel widens due to avulsions m the 55450 channels form when eroded material is transported sufficiently , , : : ;
downstream fan. but headward erosion stops when the channel gets ‘blocked” by its own * Analysis of sapping channels on Mars to identity sources of water: local or global:

- Ifsedimentisremoved (artificially), the  deposits. e Analysis of possible sediment sinks and deposits: where did it go?
sapping channel develops by headward _
erosion and much quicker than with the Modelling
formation of a downstream fan. * Quantify the required amounts of water and time scales,

* Linking existing, physical models: groundwater (MODFLOW), surface water (using
PCRASTER), erosion and deposition (diffusion model, e.g. Howard), sediment transport
(Kleinhans).

Conclusions

Eroded material must be removed in order to form long sapping channels
- Insufficient removal of sediment causes sapping channels to migrate sideways instead

of headwards E i ] E

FErosion rate increases if sediment is removed

Follow our research
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Fig 5) Sapping experiments in wide flume. In the experiment in the left panel, eroded material is allowed to deposit, in the experiment

shown in the right hand side panel, sediment is flushed out of the system. In the experiment with deposition, channels became much
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Fig 1) Channels on the edge of Shalbatana Vallis (Mars). The typical shape (stubby tributaries, theatre-shaped head
and the absence of an upstream channel) is often attributed to groundwater seepage.




