
Kilauea has experienced a long-term eruption since 1983, though scientists have 
actually been keeping an eye on the volcano for much longer. January 2012 marks the 
100th anniversary of the Hawaiian Volcano Observatory, which stands watch over one 
of our planet’s most active volcanoes. Situated on the rim of Kilauea Caldera, this 
observatory is the oldest volcano monitoring station in the United States. 
The Advanced Land Imager (ALI) on NASA’s Earth Observing-1 (EO-1) satellite 
observed the volcano on January 28, 2012. Shown here are two natural-color views: a 
close-up of the Kilauea Caldera and the Hawaiian Volcano Observatory, and a wide-
area view showing Mauna Ulu and Pu’u ’O’o. Within the Kilauea Caldera lies 
Halema’uma’u Crater. A small plume of water vapor emerges from this crater and 
blows toward the southwest. 
The founding of the Hawaiian Volcano Observatory is generally identified as January 
17, 1912, when geologist Thomas A. Jaggar, Jr., took over the continuous 
observations of Kilauea. In the decade before Jaggar set up shop, nearly 200,000 
people died from earthquakes and volcanoes. In the wake of a devastating eruption 
at Mount Pelée in 1902, the National Geographic Society sponsored a volcano-
observing expedition, and Jaggar was one of the participants. He soon concluded 
that, rather than studying the damage caused by eruptions, scientists would do more 
good to identify the precursors. On a trip through Hawaii, he negotiated with local 
businessmen and secured financial support for an observatory. In 1911, he hired 
volcanologist Frank Perret to monitor the volcano, then took over observations in 
January 1912. 
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Jaggar immediately brought detailed documentation to the observatory, and soon 
expanded the activities beyond his own observations. The installation of 
seismometers provided evidence of the link between earthquakes and volcanism. In 
the 1950s, the observatory installed tiltmeters to help measure surface 
deformation caused by the movement of magma below the surface. Researchers at 
the observatory collected gas samples in 1912—some of the earliest high-
temperature volcanic gas samples ever collected—and drilled into a lava lake in the 
1980s to better understand how volcanic rocks crystallize. 
In 2012, a century after its founding, the Hawaiian Volcano Observatory hosts 25 
scientists and support personnel, along with students and volunteers. It tracks the 
activity of Kilauea, Mauna Loa, and other volcanoes in the Hawaiian Islands, as well 
as the associated earthquakes. 
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In a solid (like a crystal) electrons may be shared causing the energy levels to be smeared 

over a range.  Energy level depends on valance state of atom (e.g., Fe+2, Fe+3), coordination 

number, and symmetry of the site. 

The electrons can move freely within the orbitals of the molecular lattice and so electrons 

become detached from its atom. The electrons are said to be delocalised. The metal is held 

together by the strong forces of attraction between the positive nuclei and the delocalised 

electrons. 
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Transfer of an electron between ions or between ions and ligands. Can occur 

with different valence states in a metal (e.g., Fe+2 and Fe+3).  

A ligand is an atom, ion or functional group that donates its electrons through a 

coordinated covalent bond to one or more central atoms or ions, usually 

metals.  An array of such ligands around a center is termed a complex.  

 

CTA are generally diagnostic of specific minerals.  They typically occur in the 

UV and have wings that extend into the visible. The shape may change with 

grain size. Absorption bands rapidly decrease in intensity in small sized grains 

because of the increased surface/volume ratio.  

 
MnO4

- : The permanganate ion having tetrahedral geometry is intensely purple due to 
strong absorption involving charge transfer from molecular orbitals derived primarily 
from oxygen to manganese(VII). 
CdS: The color of artist’s pigment cadmium yellow is due to transition from Cd2+ (5s) 
← S2-(π). 
HgS: it is red due to Hg2+ (6s) ← S2-(π) transition. 
Fe Oxides: they are red and yellow due to transition from Fe (3d) ← O2-(π). 
 

 

(Left on slide) Reflectance spectra of the iron oxide hematite (Fe2O3) [ion Fe+3] 
and iron hydroxide goethite (FeO-OH), [Fe+2] from Clark et al., 1993b). The  



intense charge-transfer band in the UV (< 0.4 µm) is "saturated" in reflectance, 

so only first surface (specular) reflection is seen in these spectra. The 0.9-µm 

and 0.86-µm absorption features are due to Laporte-forbidden transitions (e.g. 

Morris et al, 1985; Sherman, 1990 and references therein). The absorption at 

2.7-3.0 µm is due to trace water in the samples., and in the case of goethite, 

the OH. The goethite spectrum is offset upward 0.2 units.  

(Right) For mid-infrared wavelengths, without offsets  
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(left) Reflectance spectra of two olivines showing the change in band position 

and shape with chemical composition. The 1-µm absorption band is due to a 

crystal field absorption of Fe2+. “Fo" stands for forsterite (Mg2SiO4) in the 

forsterite-fayalite (Fe2+SiO4) olivine solid solution series. The Fo 29 sample 

(KI3291 from King and Ridley, 1987) has an FeO content of 53.65%, while the 

Fo 91 sample (GDS 71; labeled Twin Sisters Peak in King and Ridley, 1987) 

has an FeO content of 7.93%. The mean grain size is 30 and 25 µm 

respectively. The 1-µm band position varies from about 1.08 µm at Fo 10 to 

1.05 µm at Fo 90 (King and Ridley, 1987).  

 

(Right) Same as left, but for mid-infrared wavelengths. Note the shifts in the 

spectral features due to the change in composition. See text for discussion of 

vibrational absorption bands.  

From Roger Clark, Spectroscopy of Rocks and Minerals, and Principles of 

Spectroscopy.  
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Spectra of two pyroxenes. Note shift in band position and shape between 

samples of different mineral compositions 
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(Left) Reflectance spectra of rare-earth oxides, showing absorptions in the 

visible region. Spectra are offset 1.0 units for clarity. Spectral resolution is 

about 1 nm.  

(Right) Reflectance spectra of rare-earth oxides. These absorptions are due to 

crystal-field transitions involving deep-lying electrons of the rare-earth 

elements and do not shift when the rare-earth ion is in another mineral.  Each 

spectrum is offset by 1.0 units for clarity.  

Spectra from Clark et al. (1993b).  
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National Institute of Standards and Technology (NIST) 

 

See Rare Earth spectra in previous lecture. The narrow band spectral features 

are used to determine wavelength calibration. Holmium Oxide for UV-VIS-NIR 

applications 

Dysprosium Oxide for NIR applications 

Erbium Oxide for VIS-NIR applications  
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A dielectric material contains polar (partially charged) molecules.  An applied 

electric field will polarize the material by orienting the dipole moments of polar 

molecules.  

Cinnabar is HgS 

 

In compounds of sulfur (where known), the most common oxidation numbers 

of sulfur are: 6, 4, 2, and -2. 

http://hyperphysics.phy-astr.gsu.edu/hbase/electric/dipole.html
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THERMOLUMINESCENCE 

Thermoluminescence is a property of some minerals (E.G., FLUORIDE 

COMPOUNDS)  to glow when heated. The minerals contain chemical bonds 

that emit light when thermal energy (heat) is applied to them.  Activator 

elements must be present in these minerals just like in UV fluorescence.   
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Mn manganese 

O oxygen 

Cd cadmium 

S sulfur 

Hg mercury 

Fe iron 
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Vibrational bands due to OH, CO3, and H2O 

 

Some materials have important vibrational absorptions: 

water, hydroxyl, carbonates, phosphates, borates, arsenates, 

vanadates (metallic elements that combine with vanadium (VO4)-3 

(VO3)-1 radicals)  
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Vibrational bands due to OH and H2O 
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Vibrational bands due to OH 
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three AVIRIS channels in pseudo-true color of the main area displaying 

significant alteration. The area shown is approximately 17 by 10 km. 
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An example of "spectrolithologic mapping" using only 4 minerals: hematite, 

goethite, halloysite, and montmorillonite. The minerals in their various 

compositions allow each formation to be distinguished and mapped. The 

outlines were derived based on the mineralogic boundaries, and agree well 

with published geologic maps.  

Clark, R.N., A.J. Gallagher, and G.A. Swayze, Material Absorption Band Depth 

Mapping of Imaging Spectrometer Data Using a Complete Band Shape Least-

Squares Fit with Library Reference Spectra, Proceedings of the Second 

Airborne Visible/Infrared Imaging Spectrometer (AVIRIS) Workshop. JPL 

Publication 90-54, 176-186, 1990.  

Clark, R.N., G.A. Swayze, A. Gallagher, N. Gorelick, and F. Kruse, Mapping 

with Imaging Spectrometer Data Using the Complete Band Shape Least-

Squares Algorithm Simultaneously Fit to Multiple Spectral Features from 

Multiple Materials, Proceedings of the Third Airborne Visible/Infrared Imaging 

Spectrometer (AVIRIS) Workshop, JPL Publication 91-28, 2-3, 1991.  
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This image captures a portion of the Grand Erg Oriental (Eastern Sand Sea) in Algeria. 
Astronaut photograph ISS010-E-10124 was acquired December 11, 2004, with a 
Kodak 760C digital camera with a 400 mm lens. 

http://eol.jsc.nasa.gov/scripts/sseop/photo.pl?mission=ISS010&roll=E&frame=10124
http://eol.jsc.nasa.gov/scripts/sseop/photo.pl?mission=ISS010&roll=E&frame=10124
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http://eol.jsc.nasa.gov/scripts/sseop/photo.pl?mission=ISS010&roll=E&frame=10124


23 



24 



25 

What do these particles do to reflectance: 
Reflectance increases particle size gets smaller 
Reflectance increases with the sand content 
 
Silt has high organic matter and soil is darker; concave in visible 
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Who remembers how particle size affects reflectance? 
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What does a soil line tell you about how soils of different texture vary? 
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Lt = Lp + Ls + Lv 

 
Lt = at-sensor radiance of a pixel of exposed soil 
Lp = atmospheric path radiance, usually removed through atmospheric correction 
Ls = radiance reflected off the air-soil interface (boundary layer) 

organic matter and moisture significantly impact Ls; characterize the O and A 
horizons (if no O), or lower levels if A and O are nonexistant. 

Lv = volume scattering, EMR which penetrates a few mm to cm. 

penetrates approximate 1/2 the wavelength 
Function of the wavelength (so RADAR may penetrate farther), type and 
amount of organic/inorganic constituents, shape and density of minerals, 
degree of mineral compaction, and the amount of soil moisture present. 
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Modeling moisture in soils is critical to extracting biochemical information from them. 
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Changes in soils as organic residues degrade. First panel shows degradation resistant 
residues and lichens (with lines where lichens are reported to absorb energy). Then 
Humic acid (note presence of OM but not specific SWIR absorptions. 
Then two soils one calcareous (with large carbonate feature) and volcanic soils. 
Last, three soils of varying OM and iron absorption. 
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This soil classification was based on prior discriminant function results that showed 
the soils could be distinguished. Then a supervised classification was imposed on the 
results of a hierarchical singular value decomposition. The reason for first separating 
it into different ranges was to reduce the variance at each step. 
 
The valleys are in the Santa Monica Mts. and a wildfire had removed most of the 
vegetation in the two valleys (areas white are vegetated and masked from the 
analysis). The two valleys have different parent material and as a result had different 
ranges of organic matter. 
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Similarly to plants, several soil and plant residue indexes have been developed. These 
have been less widely tested than the vegetation indexes. 
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Biologic Soil Crust is a major compoinent of the soil in most desert ecosystems. These 
organisms are often credited with a large fraction of ecosystem productivity, nitrogen 
fixation and also serve other functions, including soil stabilization and prevention of 
erosion. The wavelengths identified by the red arrows are reported diagnostic of 
lichens.  
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Desert pavement is another land cover type critical to interpretation of site condition. 
The pavement takes 1000s years to develop and loss provides direct evidence of 
disturbance. 
 
The rocks weather and acquire a dark patina developed by bacterial metabolism 
acting on the minerals and clays that coat the rocks. Note they do not have the lichen 
signature even though both processes lower albedo. 
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Saline and alkaline affected soils are another biophysical property of interest in arid 
regions. However, it has not been easy to  spectrally quantify the presence unless a 
distinct crust is formed.  



Salt affected soil can be divided into five main groups: Saline soil (Solonchak) with 
high amount of water soluble soils.  
Alkaline soil (Solonetz), high alkalinity and high exchangeable sodium percentage 
(ESP). 
Magnesium soil: high magnesium content in the soil solution. 
Gypsiferous soil: strong gypsum (calcium sulphate CaSO4) accumulation. 
Acid sulphate soil: highly acidic iron or aluminium sulphate accumulation. 
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Fig. 1. Examples of salt-affected soil spectra, obtained in laboratory, from soil 
materials impregnated by different evaporate minerals. 
 
J. Farifteh, A. Farshad, R.J. George. 2006. Assessing salt-affected soils using remote 
sensing, solute modelling, and geophysics.   Geoderma 130: 191-206. 
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What countries are experiencing drought today 



47 



48 



Each eigenvector has a length and a direction. 
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Use the variance-covariance matrix when all variables are in the same scale (ie, on 
your reflectance or radiance data).  With this input, the PCA will emphasize variables 
with the greatest variance.  Use the correlation matrix when variables don’t share the 
same scale or when they vary greatly in range (ie, if you wish to perform a PCA on 
index data).  With the correlation matrix, all variables are weighted equally. 
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Use the variance-covariance matrix when all variables are in the same scale (ie, on 
your reflectance or radiance data).  With this input, the PCA will emphasize variables 
with the greatest variance.  Use the correlation matrix when variables don’t share the 
same scale or when they vary greatly in range (ie, if you wish to perform a PCA on 
index data).  With the correlation matrix, all variables are weighted equally. 
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