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Introduction 

Images from Mars Orbital Camera (MOC) and Mars Global Surveyor (MGS), which showed landforms consistent with terrestrial fluid movement, were studied by Malin and Edgett in 2000; It has since been confirmed that the landforms are gullies [1] and that they formed recently on the martian surface [2]. Questions as to martian gully formation arose when it was realized the gullies are often located in areas with surface temperatures below water’s freezing point. 

The objective of this study is to simulate gully formation with morphologies similar to those observed on Mars as a step toward identifying potential fluid and formation characteristics. The study seeks to develop laboratory experimental procedures to test theories of fluid characteristics on Mars and compare morphometric results with data from MOC and MGS.
 Methods
Simulations are run in a flume that allows for the process of gully formation to be quantified. The flume is a 1.5x1.0 meter wooden box filled with sand of average grain size 500-600 micrometers. A slope is built from the sand and experiments are run at 10º, 20º, and 30º.  Fluid flows from an over head bucket, through a flow meter and then buried tubing before emerging in the sand at the break in slope. 

Each slope was tested four times at each of four flow rates: 445 ml/min, 705 ml/min, 965 ml/min, and 1260 ml/min. After each run, seventeen parameters (Figure 1) were recorded and saturation is calculated. The data was then graphed against changes in slope and flow rate. Pictures were taken for later reference and to analyze morphometric features.
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Results 
All relationships between increasing flow rate and measured parameters studied resulted in a direct relationship except for the depth at the main channel mouth. Parameters with the strongest relationship to increasing flow rates are as followed, in decreasing strength: total gully length, apron length, total channel length, and apron width. 
Parameters with little or no relationship to increasing flow rate are as followed in decreasing strength: alcove depth, width of middle of the channel, width of channel mouth, alcove width at head, apron depth, channel depth at channel head and depth at channel mouth. 
The parameters with the strongest relationship to increasing slope are as followed in decreasing strength: total gully length, total channel length, apron length, channel length of segment two and one, and channel length to apron. Of those parameters, only alcove length has a direct relationship to increasing slope. Increasing slope has consistently stronger relationships with parameters than increasing flow rate. 

Parameters with little or no relationship to increasing slope are as followed in decreasing strength: alcove depth, width of middle of the channel, depth at channel mouth, width of alcove base, and channel depth at head of channel. 

High flow rates at high slopes often produced channels with the main channel orientated at a high angle to the alcove. This was observed to occur from apron deposition diverting the channel sideways.
Discussion 

The channels of martian gullies were described as "entrenched, steep-walled, V-shaped" [1] with a broad and deep beginning that tapers down slope. The gullies have three parts: an alcove, main and secondary channels and a depositional apron. Although secondary channels are often observed, there is usually one main channel that dominates the gully system. Alcoves are theater-shaped and some are partially filled with debris. Gully apron shapes can be a spectrum between semi-triangular or lobate [1]. 
During laboratory simulations, both widened and lengthen alcoves were observed.
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Figure 2: Graphs created from measured parameters show that the widths of gully apron, channel and apron are affected by changes in slope (top) and flow rate (bottom) with stronger relationships with increasing slope when compared to increasing flow rate.
In addition, several alcoves, larger sand grains were deposited as debris as Malin and Edgett described of the Martian gully alcoves. Although simulations are not producing V-shaped channels as described for Mars, the simulations are producing secondary channels with one main channel that often is wider and deeper at the head when compared to the mouth of the channel. 
Some of the gully parameters show a stronger relationship than others to the changing flow rate or slope (Figure 2). The only indirect relationship with changing flow rate was channel depth at the channel mouth. With increased flow rate, more energy is available to carry the sediment in suspension instead of it eroding the channel. Another possible explanation for this effect is the highly unconsolidated nature of the sand grains, as such it is not truly a good simulate for martian soil.
Within the channel, the total channel length had a stronger relationship to slope and flow rate changes than the other channel parameters measured; but there was a larger difference in the strength of the relationship between total channel length with increasing slope then other parameters. Data on the relationship between channel length and slope agree with Heldmann and Mellon in that the longest channels do not necessarily have the highest slope values [2].

On many of the graphs, there are isolated points with significantly higher values of measurement than other data points. These points can be attributed to high sand saturation during the run. The effect of saturation is most notable in the apron. Lower saturation percentages tend to result in a thicker accumulation in a lobate shape. Higher saturations tend to have a thinner apron with a less-defined, but still definite, semi-triangular apron shape.
The original analogue for the flume was terrestrial alluvial fans, but focus has now switched to a cold climate terrestrial analogue. Cold climate analogue would allow for a brine solution or a water/ice slurry mix as the fluid and has similar geology (such as permafrost) to Mars. The climate would still allow for the intermittent fluid flow that the original analogue was based on. 
Conclusion 

Simulations in the flume are successfully generating the three parts of a gully needed to compare simulations with martian gullies and therefore, the flume can continue to 
    be used to experimentally study martian gullies. Experimental runs have shown that changes in flow rate and slope have definite effects on the individual sections of gullies and the gully as a system. The effect of saturation on gully morphology has not yet been quantified. By comparing simulations with martian gullies, it may be possible to determine fluid characteristics and gully origins. Furthering the understanding of the martian gully formation can add to the understanding of conditions to which fluid is present in the subsurface of Mars. 
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