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Introduction:  The abilities to assess context and 

fine-scale mineralogy remotely are important explora-

tion goals [1]. Laboratory and field tests of these meas-

urement capabilities can demonstrate their utility on 

Mars. We are performing one such test characterizing 

the mineralogy of hydrothermally-altered pillow basalts 

at thick section, hand-sample, and outcrop scales. Hy-

drothermally-altered deposits and hydrothermal sedi-

ments are high priority targets for future missions to 

Mars [1-2], and alteration rinds are important to study 

because the degree of water-rock interaction varies 

within single samples from the interior to the exterior. 

Rinds have been shown to be quantitatively related to 

these water-rock interactions [3]. 

Methods:  Hyperspectral images were acquired of 

~187 Ma hydrothermally-altered lacustrine pillow bas-

alts in Meriden, CT [e.g., 4-6], using Channel Systems 

visible and near infrared imagers (0.42-1.1 µm, 10 nm 

spectral resolution). Images were calibrated to reflec-

tance with a dark current subtraction and flat field cor-

rection to remove instrumental effects followed by a 

dark object subtraction and ratio to in-scene Spectra-

lon
® 

calibration target for atmospheric correction. 

Laboratory images of samples and a thick section 

were acquired at Headwall Photonics with high effi-

ciency visible-near infrared (VNIR; 0.4-1.0 µm, 1.785 

nm spectral resolution and sampling) and shortwave 

infrared (SWIR; 1.0-2.5 µm, 12.0656 nm spectral reso-

lution and sampling) imagers and were calibrated to 

reflectance with a dark subtraction, ratio to Spectra-

lon
®
, and correction for the reflectance properties of 

Spectralon
®
. SWIR pixels were registered and scaled 

to corresponding VNIR pixels at 997-998 nm. 

Other laboratory measurements include point spec-

troscopy (ASD Fieldspec 3), mineralogy (x-ray diffrac-

tion), and chemistry (inductively-coupled plasma atom-

ic emission spectrometry [7]). The thick section was 

analyzed with a Cameca SX-100 electron microprobe. 

Results:  At all scales, the main units of altered pil-

low basalts (alteration rinds, interior matrix, vesicle- 

and fracture-fill, and material cutting through pillows) 

are identified with imaging spectroscopy. Spectra show 

increasing hydration and oxidation as hot fluids inter-

acted with a basaltic glass protolith, though other  

analyses indicate that abundant glass and plagioclase 

remain and few clay minerals formed. 

Thick section.  Imaging of a thick section through 

the alteration rind of a pillow shows partial oxidation, 

hydration in the rind, calcite amygdules, and areas of 

calcite mixed with other phases (Fig. 1). Spectra of the 

interior have negative slopes suggestive of magnetite 

[e.g., 8-9], and there are no overtones or combination 

tones indicating hydration. As alteration and water-

rock interaction increase from interior to exterior, a 

Fe
2+

/Fe
3+ 

charge transfer absorption appears in the 

spectra at 0.75-0.80 µm, there is a strong positive slope 

in the SWIR data, and an OH stretching overtone at 1.4 

µm, the H-O-H combination band at 1.9 µm, and a 

Fe/Mg-OH combination tone near 2.31 µm strengthen 

[e.g., 9-10]. All of these features indicate oxidation, 

hydration, and recrystallization of basaltic glass with 

increasing alteration. 

Calcite occurs in material that cuts through the pil-

low and as fill in vesicles and veins. It is mapped by a 

C-O stretching overtone at 2.34 µm and a downturn 

toward 2.5 µm [e.g., 11]. Imaging at this scale shows 

stronger 1.9 µm H-O-H combinations in calcite in the 

rind than the interior, indicating that exterior calcites 

may have higher water contents, which future work will 

quantify. A small area of datolite is also identified. 

Microprobe analyses show that glass and albite 

dominate both the interior and rind of the sample with 

some Fe oxides also present. Na, Si, and Al in the glass 

and Si and possibly Al in the albite decrease in concen-

tration from interior to exterior. In the glass, Fe, Mg, 

Ca, and Mn contents increase from interior to exterior. 

These trends are consistent with mobilization and re-

crystallization during alteration. The totals of the 

measured oxides in the glass and albite decrease from 

interior to exterior, probably reflecting an increase in 

hydration. Since no phyllosilicates were seen in this 

sample, the Fe/Mg-OH bonds seen with spectroscopy 

are likely due to this hydration within the glassy matrix. 

Pillow lava cross-section.  An image of a full cross-

section of the altered pillow lava from which the thick 

section was made shows similar results (Fig. 2). While 

some detail is lost at the coarser spatial resolution, the 

larger context is more apparent in the full pillow im-

age. The rind extends around the exterior of the pillow 

with strengths of the 1.4, 1.9, and 2.31 µm absorptions 

and the positive SWIR slope increasing from interior to 

exterior. These trends are apparent in a spectral tran-

sect from interior to exterior of the sample (Fig. 3). 

Exterior calcites also have stronger 1.9 µm features 
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than interior ones. 

Outcrop. The imagers used at the outcrop cover 

0.42-1.1 µm, limiting definitive mineralogic mapping. 

Using laboratory data and field observations, differ-

ences in oxidation state and reflectance can be mapped 

and connected with mineralogies (Fig. 4). The increase 

in reflectance from blue to red wavelengths maps oxi-

dation. The strength of the peak in reflectance at green 

wavelengths distinguishes interiors from visibly green 

rinds of pillows. Calcite is the brightest phases and is 

mapped by the reflectance at 700 nm. We would expect 

similar results to the laboratory with outcrop-scale im-

aging extending further into the infrared. 

Implications for rover-scale observations on 

Mars:  Hyperspectral imaging quickly assesses miner-

alogy, chemical and redox gradients, and degree of 

water-rock interaction at a variety of scales, from a 

sample the size of a thick section to a larger outcrop. 

These detailed mineralogic analyses would not be pos-

sible with a multispectral system such as Pancam or 

Mastcam [12-13]. The next steps are to incorporate 

chemical and XRD mapping at the thick section scale 

and fully encompass sample to outcrop scales as envi-

sioned by the Mars 2020 SDT [1]. 
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