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Figure C3.  Milliken et al. [2011] parameter plot characterizing unaltered smectite, heated smectite, mixed-layered S/C, and chlorite.  
Smectite and prehnite/chlorite compositions from Nili Fossae (NF) are shown in filled circles and are plotted with library spectra from 
[Clark et al., 2007] and RELAB.  (left) Full distribution of NF chlorite is shown.  Orange hashed line indicates linear mixing model 
between a selected NF chlorite and library saponite at 10% intervals.  (right) Same parameters as in left panel, but spanning a 
restricted range of the band depth ratio (x-axis values) to allow for visual separation of the unaltered, heated, and mixed-layered zones.  
Mixing model appears consistent with laboratory mixed-layer S/C clays (corrensite) and trends through NF phyllosilicates with higher 
AA values.  NF phyllosilicates with values less than 167¼ (indicated by dotted black horizontal line) appear to trend along a vertical 
line indicating a decrease in AA.  Typically this trend indicates chloritization [Milliken et al., 2011] towards the location of laboratory 
chlorite compositions (gray arrow).  However, we argue this trend is better explained by the presence of talc (see section 4.2). 
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Figure C4.  Comparison of Fe/Mg phyllosilicate versus talc laboratory spectra.  Both 
saponite and talc share similar absorption features at 2.31 and 2.39 !m [e.g., Brown et al., 
2010].  Local continuum between ~2.2 and 2.42 !m is shown in orange.  A larger gap 
between the local continuum and the septum at 2.35 !m (dotted black vertical line) is 
present in the talc spectrum.  Library spectra are from [Clark et al., 2007]. 
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Figure C5.  Relative band depth at 2.35 !m verses 2.210 !m for Fe/Mg phyllosilicates in the Nili Fossae (NF) region.  As shown in 
Figure 5, the band depth at 2.355 !m can be used to differentiate between saponite and talc.  Phyllosilicates with AA values of less 
than 167º (as defined in Figure 4) do not trend towards library chlorite phases (indicating chloritization), but rather trend towards the 
composition of library talc (also coincident with spectrally indistinguishable actinolite).  The path of these phyllosilicates originates 
partway up the chloritization process and is distinct from phyllosilicates (AA>167º) that could originate from the saponite 
endmember.  Library spectra from [Clark et al., 2007] and RELAB.
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Figure C6.  Depth of excavation (DE) versus relative band depth at 2.35 !m and 2.210 
!m for Fe/Mg phyllosilicates in the Nili Fossae region.  Phyllosilicates associated with 
Trendline 1 (talc-related phyllosilicates) are not shown here, as the majority of them are 
unassociated with apparent craters.  Points are projected onto the X-Y axis (spectral 
parameters) via orange vertical lines.  The red arrow indicates Trendline 1 (from Figure 
C5), or the inferred trend of chloritization. 
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Figure C7.  Schematic diagram through a possible geologic time sequence of the eastern 
portion of the Nili Fossae region.  A walkthrough of this diagram can be found in section 
5.0. 
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Part 5 
Conclusion 
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In part 2 we develop a statistically optimized band ratio technique for mapping 

phyllosilicates with THEMIS daytime thermal infrared data.  This technique is 

particularly useful as THEMIS coverage is nearly global and has relatively high spatial 

resolution (100 m/pixel).  This allows for the mapping of phyllosilicate-bearing units 

beyond those areas of coverage with CRISM.  We derive an initial formulation of an 

index used to map phyllosilicates with THEMIS by quantifying the spectral variability of 

a synthetic suite of Martian basalt spectrum mixed with laboratory phyllosilicate spectra.  

This initial formulation was refined by optimizing the correlation between co-located 

observations of phyllosilicates with the CRISM instrument on a scene-by-scene basis.  

This application of this method in Mawrth Vallis and Nili Fossae results in the first 100 

m/pixel regional phyllosilicate maps generated for those regions.  The approach utilized 

in this study has further applications for other cross-wavelength and cross-instrument 

mapping of phases that have spectral features in both wavelength ranges. 

 

In part 3 we examine the effect of spatial resolution on the ability to detect 

phyllosilicates with the THEMIS vs. TES instruments in an effort to address the 

discrepancy of TES detections of phyllosilicates (at detection limits) as compared to 

CRISM and OMEGA detections (upwards of 65% phyllosilicate).  We find that the 

improved spatial resolution THEMIS significantly increases the likelihood of 

phyllosilicate detection based on modeling of actual distributions of phyllosilicates on the 

surface of Mars.  Thus, despite the limited spectral resolution of THEMIS, we apply 

spectral unmixing techniques to THEMIS spectra in the Mawrth Vallis phyllosilicate-rich 

region.  We present the first phyllosilicate abundance map of units in this region and 
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reevaluate the proposed formation mechanisms for clay in this region, and find that 

abundance of alteration phases are consistent with leaching in an open system. 

 

Finally, in part 4 we provide evidence for the carbonation of serpentine in the Nili 

Fossae region.  The spectral identification of serpentine, magnesium carbonate, and an 

olivine-rich protolith in the Nili Fossae region suggest a hydrothermal origin for the 

formation of serpentine and magnesium carbonate.  We have further characterized Fe/Mg 

phyllosilicate-bearing material associated with these minerals and show that they are 

likely a mixture of uniformly chloritized mixed-layer S/C clay and a talc component.  

When mapping the locations of phyllosilicates with this talc component in the Nili Fossae 

region, we find magnesium carbonates are exclusively associated with these phases.  We 

provide an explanation for these phases that includes the uniform burial of Noachian 

Fe/Mg smectites, the serpentization of olivine through hydrothermal alteration via 

overlying olivine-rich material, and finally the carbonation of that serpentine.  This final 

reaction explains the co-occurrence of carbonate and talc in the easternmost parts of the 

Nili Fossae region.  Furthermore, if this process occurs as a global phenomenon on Mars, 

it may provide a sink for CO2 in the Martian past. 
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