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Introduction:  Clays are the oldest known material that are products of soil-water interactions [1].  They are found primarily in Mars’ southern hemisphere and may be responsible for its red color [2].  Clays are a type of phyllosilicate, a layered silicate mineral with room for one or more layers of water molecules between each layer [3].  Our experiments concentrated on two types of clays: an iron-rich clay, nontronite, and an aluminum-rich clay, montmorillonite.  Figures 1 and 2 show locations of clays on Mars.
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Figure 1: This 3-D image of Mawrth Vallis was generated by OMEGA Mars Express.  The blue areas indicate where aluminum-rich clays are found.  Note how the clays are around, but not in, the dark outflow channel. (Image taken from Poulet, et al., 2005)
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Figure 2:  Evidence of clays in Nili Fossae.  Red represents olivine {(Fe/Mg)2SiO4}.  Blue represents a mixture of phyllosilicates.  Each “O” represents olivine bearing rocks.  (Image taken from Mustard, et al., 2006)


We see a great deal of physical evidence of past water on Mars, from outflow channels, to gullies, to dried river beds.  Our experiments will try to find chemical evidence of past liquid water on Mars.  Clays hold clues to Mars’ past, including information that may help us better understand what happened to globally change the planet.  Our experiments also investigate whether heated clays could be responsible for Mars’ rust-red color. 

Experiments in the high-temperature ovens:  The clays used in these experiments were ordered from Ward’s National Science.  We used nontronite and montmorillonite in high-temperature ovens.

Procedure for heating in air. One-gram samples were measured out for heating.  This sample was placed in a spatula, which was fastened to a long, metal rod.  We measured out on a wooden dowel how far the dowel should be inserted into the ceramic heating tube so that when the metal rod with the sample at the end was inserted into the tube, the sample would land in the middle. (Middle of tube is optimal for heating since the tube is not sealed at the ends.  More heat escapes as you get closer to the end of the heating tube.)  After placing the sample in the middle of the heating tube, the oven was turned on to the desired temperature.  The amount of time it took for the oven to reach the desired temperature was recorded.  Once the oven was at the desired temperature, timing started.  Experiements of several different amounts of time and at several different temperatures were performed.  When time was up for the sample, the oven was turned off and allowed to cool overnight.  When the sample and tube had cooled, the sample was scraped out into a metal weighing dish, weighed, and this weight was recorded.  Pictures of the treated sample next to a non-treated sample were taken to show the color change.   Using a Munsell soil color chart, each sample was matched to a color.  The sample was then placed in a small storage container.

Procedure  for heating in CO2.  An apparatus was constructed such that there would be a CO2 flow over the sample as it heated.  This was to simulate Martian atmospheric conditions.  A flow meter was placed in the path of the incoming CO2 flow to control the amount of CO2 flowing over the sample.  After following the same procedure for preparing and inserting a sample for experiments in air, an exhaust tube going out the nearest window was attached to the other end of the tube.  When the oven was first turned on, there had to be no Earth atmosphere in the tube before it reached the desired temperature.  Therefore, the in-flow was set to ~10 psi while the oven heated up to push all of the Earth atmosphere out of the tube.  Once the oven reached the desired temperature, the in-flow was turned down to 5 psi and timing started.  Again, the time it took for the oven to reach the desired temperature was recorded.  When the sample was finished heating, the oven was turned off, but until the sample cooled down to room temperature there had to be a flow of CO2 going over the sample.  The reason for this is that if the CO2 flow were to stop while the sample was still hot, it would absorb the Earth atmosphere around it, thus defeating the purpose of heating it in CO2.  No time was wasted to take the sample out of the tube, weigh it, take its picture, match its color, and put it in a storage container to avoid prolonged exposure to Earth atmosphere.

Colors of treated samples.  Using the Munsell soil color chart, we matched each sample with a color.  The following table shows each sample of nontronite, its treatment conditions, and the resulting color.

	Atm 
	T (C)
	t (hr)
	Color

	Air
	25
	0
	5Y 8/4

	Air
	1000
	4
	10R 3/3

	Air
	750
	6
	5YR 4/6

	Air
	1000
	6
	10R 2.5/2

	Air
	340
	24
	7.5YR 4/6

	Air
	750
	24
	5YR 4/6

	Air
	500
	24
	7.5YR 3/4

	CO2
	1000
	4
	5YR 3/4 

	CO2
	750
	6
	5YR 3/4 

	CO2
	900
	6
	10YR 3/2

	CO2
	500
	20
	7.5YR 4/4

	CO2
	420
	24
	10YR 4/6


Table 1:  Each sample’s treatment conditions and resulting color.

X-Ray Diffraction (XRD) Analysis: We will be using XRD to analyze the heated samples.  As of right now, we have not run any analysis on the samples, but we are scheduled to do so in the near future.  XRD will tell us what kind of molecular changes there has been in the samples.  This will give us an insight of how clays change in both Earth’s atmosphere and in a martian atmosphere.  We hope to analyze the samples that were heated in CO2 since experiments of this kind have never been carried out before.

IR Reflectance Analysis:  Nontronite samples were analyzed using Infrared Reflactance.  Figure 3 is the spectra retrieved from those samples.
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Figure 3: The infrared reflectance spectra of nontronite samples.  Each treated sample was heated for 6 hours.
Discussion: The IR reflectance results were interesting.   There is a clear peak ~3μm for untreated nontronite.  This is the adsorption band of water.  It is hard to tell where this water is coming from.  It could be water molecules in between the clay’s layers of molecules.  It could be water adsorbed from the atmosphere.  It could also be structural water.  This means the water detected could already be part of the clay’s molecular structure.  This peak does not show in any of the other spectra.  This is due to the fact that when heated to such high temperatures, all water, whether adsorped or structural, is lost.

The peak appearing ~4.5μm is simply a gas band due to the surrounding atmosphere.  Gas bands are thin peaks and  this one appears in every samples’ spectra.

A third peak appears at ~6μm.  This peak is interlayer water.  It is more visible because of the sample’s small grain size [4].  Again, this peak does not appear in the other spectra because the water is lost at such high temperatures.

Finally, the most prominent peak is shown at ~10μm.  This peak moves more towards the lower wavelengths as the temperature increases.  It is theorized that this peak represents the forming of quartz.  In the untreated nontronite, this peak is where we see Si-O stretching [4].  As the temperature increases, this phase is interrupted and a quartz-forming phase begins.  More information on this transition will be available when XRD is performed on the samples.  

Conclusions:  From the results discussed, it is clear that the role of clays on the surface of Mars is significant.  The color and composition changes are consistent with those on Mars.  Clays tell us a great deal of Mars’ past.  This understanding will give us new insights of the possibility of past liquid water and perhaps past life on our red neighbor.
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