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Figure 4.23. a) CTX mosaic subset, location shown in Figure 4.17.  b) CRISM 

FRT0000AC13 parameter maps with R = D2400, G = D2100, and B = D1900.  Areas 

that appear magenta exhibit high D1900 plus D2400 parameter values and areas that 

appear yellow exhibit high D2100 plus D2400 parameters. c) HiRISE 

PSP_001691_1825_RED subset showing ET1A and darker overlying material that has a 

hydrated sulfate spectral signature.  Inset shows scalloped texture of ET1A. 
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Figure 4.24. a) CTX mosaic, location indicated in Figure 4.17.  b) Area shown in part a) 

with CRISM MSP parameters indicating the presence of hydrated sulfates overlain in red.   
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Figure 4.25.   a) CRISM image FRT0000893E (footprint Figure 4.4a) false color 

composite with R = 2.5 µm, G = 1.5 µm, B = 1.1 µm.  b) Parameter map of 

FRT0000893E (R = D2400, G = D2100, B = D1900).  Areas that appear magenta exhibit 

high D1900 plus D2400 parameter values and areas that appear yellow exhibit high 

D2100 plus D2400 parameters. The materials with hydrated sulfate detections occur in 

layers exposed at the base of the plateau of [ET1/LHS/LHScap]mantled.  The green arrow 

shows the location of the spectrum shown in Figure 4.26. c) CTX 

P13_005937_1834_XI_03N359W_071102 showing area indicated in part a). 
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Figure 4.26.   Upper: CRISM relative reflectance spectra from areas of selected FRTs 

with hydrated sulfate like spectral signatures.  Middle: CRISM I/F* (cos(i) and volcano 

scan corrected) numerator spectra that were used to generate the ratio spectra shown in 

the upper plot.  Lower: CRISM I/F* (cos(i) and volcano scan corrected) denominator 

spectra that were used to generate the ratio spectra shown in the upper plot.  Each 

spectrum is an average of 25 spectra. 
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Figure 4.27.   a) CRISM image FRT000062E6 (footprint shown in Figure 4.4a) false 

color composite with R = 2.5 µm, G = 1.5 µm, B = 1.1 µm. b) FRT000062E6 parameter 

map (R = D2400, G = D2100, and B = D1900).  Areas that appear magenta exhibit high 

D1900 plus D2400 parameter values and areas that appear yellow exhibit high D2100 

plus D2400 parameters. The white arrow shows the location of the spectrum in Figure 

4.26. 
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Figure 4.28. a) False color composite of CRISM image FRT00003CE0 (footprint Figure 

4.4a) with R=2.5 µm, G=1.5 µm, B=1.1 µm draped on MOLA topography (vertical 

exaggeration = 10).  Ph materials are exposed in the northeastern portion of the image.  b) 

Parameter map color composite of FRT00003CE0 in which R = D2400, G=D2300, and 

B=D1900 draped on MOLA topography (vertical exaggeration = 10).  Areas that appear 

green have relatively high D2300 values, areas that appear blue have high D1900 

parameter values, and areas that appear magenta exhibit high D1900 plus D2400 

parameter values. A spectrum extracted from the D2300 material (green arrow) is shown 

in Figure 4.7 and a spectrum extracted from the D1900 plus D2400 material (red arrow) 

is shown in Figure 4.26.   
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Figure 4.29.   Cross sections generated from MOLA topographic profiles along the red 

lines indicated in Figure 4.17.  The units key from Figure 4.4b is shown for reference. 
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Table 1.  Spectral Parameters. 

Name Parameter Formulation Threshold Rationale 
BD1900 1.9 µm band 

depth 
1 – (((R1930 + R1985)*0.5)/(a*R1857 + 
b*R2067)) 

2% H20 

BD2100 2.1 µm band 
depth 

1 – (((R2120 + R2140)*0.5)/(a*R1930 + 
b*R2250)) 

2% monohydrated minerals 

D2300 2.3 µm drop 1 – ((CR2290 + CR2320 + CR2330)/               
(CR2140 + CR2170 + CR2210)) 

1% CRISM 
1.5% OMEGA 

Fe-Mg OH vibration 

SINDEX 2.4 µm drop 1 – ((CR2390 + CR2430)/(CR2290 + 
CR2320)) 

1.5% hydrated min; particularly    
sulfates 

*CR values are continuum removed and R values are reflectance values at the specified wavelength 
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CHAPTER 5 – SYNTHESIS 

In this chapter, a brief synopsis is presented that focuses on of key results from 

dissertation related research. Analyses utilized recently acquired near infrared spectra 

from the Mars Reconnaissance Orbiter (MRO) Compact Reconnaissance Imaging 

Spectrometer for Mars (CRISM) in conjunction with other datasets.  Atmospheric 

correction of data acquired from orbit is necessary for proper interpretation of surface 

spectral properties in the visible and near infrared.  The retrieval of atmospherically 

corrected surface CRISM Lambert Albedo spectra using Discrete Ordinate Radiative 

Transfer (DISORT) model results is described by Wiseman et al., [2009a].  Both aerosol 

and gas atmospheric contributions are modeled and removed during Lambert Albedo 

retrieval.  High spectral resolution synthetic I/F spectra are resampled to CRISM spectral 

sampling and time/temperature dependent wavelength shifts that occur in CRISM data 

are calculated during the Lambert Albedo retrieval process.  DISORT radiative transfer 

modeling was also used to explore artifacts generated by the commonly used empirical 

volcano scan correction method, which employs division by a scaled transmission 

spectrum to correct for gas bands only.  It was found that residual gas band artifacts that 

occur in volcano scan corrected data can mimic the presence of surface features.  In the 

current implementation of the volcano scan correction, a constant exponential scaling 

factor is used to scale the transmission spectrum.  Residual features near gas bands are 

produced because scaling the entire transmission spectrum by a constant exponential 

factor is not physically correct. 

Distinctive spectral features caused by H2O and/or OH vibrational modes were 

used to identify hydrated and/or hydroxylated mineral phases in near infrared spectra.  
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Analyses of high spatial resolution CRISM images revealed the presence of previously 

unreported exposures of hydrated sulfate and phyllosilicate-bearing deposits.  We 

preformed mineralogic and stratigraphic mapping in southern and northern Sinus 

Meridiani using MRO CRISM, MRO Context Imager, MRO High Resolution Imaging 

Science Experiment, Mars Express (MEX)  Observatoire pour la Minéralogie, l’Eau, les 

Glaces et l’Activité, MEX High Resolution Stereo Camera, Mars Odyssey (ODY) 

Thermal Emission Imaging System, ODY Mars Orbital Camera, and ODY Mars Orbiter 

Laser Altimeter data.  Fe/Mg phyllosilicate minerals, including Fe/Mg smectites, occur in 

multiple locations in ancient Noachian terrains [Wiseman et al., 2008].  Laterally 

continuous strata were mapped over 100s of km in extensive indurated sedimentary 

deposits that unconformably overlie ancient Noachian terrain and predate the formation 

of the hematite-bearing unit explored by the MER rover Opportunity.  Fe/Mg smectites 

also occur within these older sedimentary deposits.  A thick sequence (~150 m thick in 

some locations) of layered hydrated sulfate deposits that are texturally and spectrally 

distinct from the sulfate rich sedimentary materials explored by the Opportunity rover 

were unconformably deposited following the partial erosion of the older sedimentary 

deposits [Wiseman et al., 2009]. 

The presence of Fe/Mg smectite-bearing deposits indicates that the low pH 

conditions experienced by younger hematite-bearing materials are not representative of 

the aqueous geochemical environment that prevailed during the formation of earlier 

materials.  The deposits in Sinus Meridiani record the transition from an open hydrologic 

system with near neutral pH conditions to a more arid acid-sulfate dominated ground 

water system.  The detection of phyllosilicate-bearing deposits in association with the 
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oldest terrains in Sinus Meridiani is consistent with the hypothesis that phyllosilicates 

formed within the oldest terrains on Mars and that geochemical conditions became 

inconducive to phyllosilicate formation in later periods [Bibring et al., 2006].   
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APPENDIX A – LIST OF CRISM IMAGES UTILIZED IN CHAPTER 4 

Image ID Day of Year Resolution (m/pixel) 
FRT000028C1_07_IF165L_TRR2.IMG 2006_277 20 
FRT00003CE0_07_IF165L_TRR2.IMG 2007_008 20 
FRT00003E24_07_IF165L_TRR2.IMG 2007_013 20 
FRT0000410F_07_IF166L_TRR2.IMG 2007_029 20 
FRT00004616_07_IF165L_TRR2.IMG 2007_052 20 
FRT00004A01_07_IF165L_TRR2.IMG 2007_068 20 
FRT00004FE8_07_IF165L_TRR2.IMG 2007_085 20 
FRT000062E6_07_IF165L_TRR2.IMG 2007_162 20 
FRT00006541_07_IF165L_TRR2.IMG 2007_173 20 
FRT000067EA_07_IF165L_TRR2.IMG 2007_184 20 
FRT00006A2A_07_IF165L_TRR2.IMG 2007_195 20 
FRT00007C29_07_IF166L_TRR2.IMG 2007_261 20 
FRT00007DA9_07_IF165L_TRR2.IMG 2007_267 20 
FRT000080C0_07_IF166L_TRR2.IMG 2007_278 20 
FRT000083E7_07_IF167L_TRR2.IMG 2007_289 20 
FRT00008592_07_IF165L_TRR2.IMG 2007_294 20 
FRT0000893E_07_IF165L_TRR2.IMG 2007_306 20 
FRT00009217_07_IF165L_TRR2.IMG 2008_001 20 
FRT0000942E_07_IF165L_TRR2.IMG 2008_007 20 
FRT0000960F_07_IF165L_TRR2.IMG 2008_012 20 
FRT000097F8_07_IF165L_TRR2.IMG 2008_018 20 
FRT000099C8_07_IF165L_TRR2.IMG 2008_024 20 
FRT00009B1C_07_IF165L_TRR2.IMG 2008_029 20 
FRT00009C73_07_IF165L_TRR2.IMG 2008_035 20 
FRT0000A0AC_07_IF165L_TRR2.IMG 2008_052 20 
FRT0000A1F3_07_IF165L_TRR2.IMG 2008_057 20 
FRT0000A50D_07_IF165L_TRR2.IMG 2008_068 20 
FRT0000AA11_07_IF165L_TRR2.IMG 2008_118 20 
FRT0000AB4F_07_IF165L_TRR2.IMG 2008_124 20 
FRT0000AC13_07_IF165L_TRR2.IMG 2008_130 20 
FRT0000B084_07_IF165L_TRR2.IMG 2008_164 20 
FRT0000B203_07_IF165L_TRR2.IMG 2008_169 20 
FRT0000B33A_07_IF165L_TRR2.IMG 2008_175 20 
FRT0000B710_07_IF165L_TRR2.IMG 2008_191 20 
FRT0000B8D7_07_IF165L_TRR2.IMG 2008_196 20 
FRT0000BAD3_07_IF165L_TRR2.IMG 2008_203 20 
FRT0000BC30_07_IF165L_TRR2.IMG 2008_208 20 
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FRT0000BEF5_07_IF165L_TRR2.IMG 2008_219 20 
FRT0000C52C_07_IF165L_TRR2.IMG 2008_247 20 
FRT0000CC22_07_IF165L_TRR2.IMG 2008_275 20 
FRT00010099_07_IF165L_TRR2.IMG 2008_357 20 
FRT00010107_07_IF165L_TRR2.IMG 2008_358 20 
FRT000102AB_07_IF165L_TRR2.IMG 2008_362 20 
FRT00010837_07_IF166L_TRR2.IMG 2009_013 20 
FRT00010F03_07_IF165L_TRR2.IMG 2009_040 20 
FRT0001215B_07_IF165L_TRR2.IMG 2009_107 20 
FRT0001252F_07_IF165L_TRR2.IMG 2009_118 20 
HRL000068D0_07_IF182L_TRR2.IMG 2007_189 40 
HRL0000822E_07_IF182L_TRR2.IMG 2007_283 40 
HRL00008C6B_07_IF182L_TRR2.IMG 2007_350 40 
HRL00009C41_07_IF182L_TRR2.IMG 2008_034 40 
HRL0000CFB0_07_IF182L_TRR2.IMG 2008_291 40 
HRS0000513B_07_IF174L_TRR2.IMG 2007_090 40 
HRS0000B237_07_IF174L_TRR2.IMG 2008_170 40 
HRS0000C10B_07_IF174L_TRR2.IMG 2008_230 40 
HRS0000C7B0_07_IF174L_TRR2.IMG 2008_258 40 
HRS0000D731_07_IF174L_TRR2.IMG 2008_324 40 
MSW00003471_01_IF191L_TRR2.IMG 2006_340 100 
MSW00003B72_01_IF193L_TRR2.IMG 2007_002 100 
MSW00003FC9_01_IF191L_TRR2.IMG 2007_024 100 
MSW000047E2_01_IF191L_TRR2.IMG 2007_058 100 
MSW000058CC_01_IF191L_TRR2.IMG 2007_112 100 
MSW00005AD3_01_IF193L_TRR2.IMG 2007_134 100 
MSW00005E14_01_IF191L_TRR2.IMG 2007_145 100 
MSW00007F0B_01_IF191L_TRR2.IMG 2007_272 100 
MSW00008E00_01_IF191L_TRR2.IMG 2007_355 100 
MSP00002F48_05_IF214L_TRR2.IMG 2006_314 200 
MSP00002F48_07_IF214L_TRR2.IMG 2006_314 200 
MSP0000301D_07_IF214L_TRR2.IMG 2006_319 200 
MSP00003281_05_IF214L_TRR2.IMG 2006_329 200 
MSP00003281_07_IF214L_TRR2.IMG 2006_329 200 
MSP000037BE_01_IF214L_TRR2.IMG 2006_355 200 
MSP00004226_07_IF214L_TRR2.IMG 2007_034 200 
MSP00004227_01_IF214L_TRR2.IMG 2007_034 200 
MSP00004278_07_IF214L_TRR2.IMG 2007_035 200 
MSP00004279_01_IF214L_TRR2.IMG 2007_035 200 
MSP00004471_01_IF214L_TRR2.IMG 2007_046 200 
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MSP000048F0_01_IF214L_TRR2.IMG 2007_063 200 
MSP00005189_07_IF214L_TRR2.IMG 2007_091 200 
MSP0000518A_01_IF214L_TRR2.IMG 2007_091 200 
MSP0000518A_03_IF214L_TRR2.IMG 2007_091 200 
MSP0000518A_05_IF214L_TRR2.IMG 2007_091 200 
MSP0000518A_07_IF214L_TRR2.IMG 2007_091 200 
MSP0000518B_01_IF214L_TRR2.IMG 2007_091 200 
MSP0000518B_03_IF214L_TRR2.IMG 2007_091 200 
MSP0000518B_05_IF214L_TRR2.IMG 2007_091 200 
MSP0000518B_07_IF214L_TRR2.IMG 2007_091 200 
MSP0000518C_01_IF214L_TRR2.IMG 2007_091 200 
MSP0000518C_03_IF214L_TRR2.IMG 2007_091 200 
MSP0000518D_01_IF211L_TRR2.IMG 2007_091 200 
MSP0000528E_03_IF214L_TRR2.IMG 2007_095 200 
MSP000052E4_05_IF214L_TRR2.IMG 2007_096 200 
MSP00005684_01_IF214L_TRR2.IMG 2007_106 200 
MSP0000568C_01_IF214L_TRR2.IMG 2007_106 200 
MSP00005693_01_IF213L_TRR2.IMG 2007_106 200 
MSP000056ED_01_IF213L_TRR2.IMG 2007_107 200 
MSP00005787_01_IF214L_TRR2.IMG 2007_109 200 
MSP00005789_01_IF214L_TRR2.IMG 2007_109 200 
MSP0000578A_01_IF213L_TRR2.IMG 2007_109 200 
MSP0000578C_01_IF213L_TRR2.IMG 2007_109 200 
MSP0000578F_01_IF214L_TRR2.IMG 2007_109 200 
MSP0000578F_03_IF214L_TRR2.IMG 2007_109 200 
MSP00005792_01_IF214L_TRR2.IMG 2007_109 200 
MSP00005793_01_IF213L_TRR2.IMG 2007_109 200 
MSP00005794_01_IF213L_TRR2.IMG 2007_109 200 
MSP000057A2_01_IF214L_TRR2.IMG 2007_109 200 
MSP000057A3_01_IF214L_TRR2.IMG 2007_109 200 
MSP000057A5_01_IF214L_TRR2.IMG 2007_109 200 
MSP00005C73_05_IF214L_TRR2.IMG 2007_139 200 
MSP00005FC8_07_IF214L_TRR2.IMG 2007_150 200 
MSP00006024_05_IF214L_TRR2.IMG 2007_151 200 
MSP00006024_07_IF214L_TRR2.IMG 2007_151 200 
MSP0000612A_07_IF214L_TRR2.IMG 2007_156 200 
MSP00006179_07_IF214L_TRR2.IMG 2007_157 200 
MSP00006D9F_05_IF214L_TRR2.IMG 2007_211 200 
MSP00006F54_05_IF214L_TRR2.IMG 2007_217 200 
MSP00006F54_07_IF214L_TRR2.IMG 2007_217 200 
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MSP0000727B_01_IF214L_TRR2.IMG 2007_229 200 
MSP000073D2_01_IF214L_TRR2.IMG 2007_234 200 
MSP000073D2_03_IF214L_TRR2.IMG 2007_234 200 
MSP00007589_07_IF214L_TRR2.IMG 2007_240 200 
MSP00007889_05_IF214L_TRR2.IMG 2007_250 200 
MSP00007889_07_IF214L_TRR2.IMG 2007_250 200 
MSP00007A90_01_IF214L_TRR2.IMG 2007_256 200 
MSP0000C26A_01_IF211L_TRR2.IMG 2008_235 200 
MSP0000C670_01_IF211L_TRR2.IMG 2008_253 200 
MSP00010701_01_IF211L_TRR2.IMG 2009_008 200 
MSP00010A7B_01_IF214L_TRR2.IMG 2009_024 200 
MSP00011192_01_IF214L_TRR2.IMG 2009_046 200 
MSP0001134A_01_IF214L_TRR2.IMG 2009_051 200 
MSP0001139A_01_IF214L_TRR2.IMG 2009_052 200 
MSP00011837_01_IF214L_TRR2.IMG 2009_068 200 
MSP00011966_01_IF211L_TRR2.IMG 2009_074 200 
MSP00011C5A_01_IF211L_TRR2.IMG 2009_085 200 

 


