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Why Hyperspectral VSWIR for Geology?



Cuprite Mining District, 
Nevada, USA

Gold-silver deposits

Alteration: silicified, opalized, 
argillized



Landsat multispectral 
data, 7 bands; band 
ratios. Alteration 
assemblage in 
pink/magenta: hydrous 
minerals (kaolinite, 
alunite, etc.)



Spectra of Iron minerals

0.4-1.3 um data for iron 
species; Landsat bands 
are blue bars

Jarosite, goethite, 
hematite, ferrihydrite



Airborne hyperspectral 
VNIR data; ~100 bands

0.4-1.3 um data for iron 
species

Jarosite, goethite, hematite, 
chlorite



Spectra of hydrous 
minerals in short-wave 
infrared (SWIR)

2.0-2.4 um data for clays, 
carbonates species

Alunite, kaolinite, dickite, 
montmorillonite, muscovite, 
carbonate, chlorite, 
chalcedony, halloysite



Airborne hyperspectral 
SWIR data; ~100 bands

1.3-2.4 um data for clays, 
carbonates

Alunite, kaolinite, dickite, 
montmorillonite, muscovite, 
carbonate, chlorite, 
chalcedony, halloysite
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Thermal infrared (TIR) spectra 
of silicates

8-12 um laboratory data for 
Silicates

Silicic to mafic, shift of primary 
absorption bands to longer 
wavelength



Why Multispectral TIR for Geology?



ASTER TIR data; 5 bands in 
TIR with 90m pixels

8-12 um data for SiO2, CO3

Opal, chalcedony, carbonate, 
volcanics



Evidence suggests that Cuprite is a late Miocene low-sulfidation 
adularia – sericite type hot spring deposit overprinted by late-

stage steam-heated advanced argillic alteration.



Hyperspectral VSWIR Spaceborne Instruments









Future Hyperspectral VSWIR Missions











Multispectral TIR Spaceborne Instruments



Operational TIR Missions

ASTER on Terra: 2000-present
90 m pixels, 5 bands, 60 km swath

Google Earth Quartz Index



Future Multispectral TIR Missions



Daytime Acquisitions 
(1-year)

75 400150

ISS Acquisitions are 
Maximized at High Latitudes

ECOSTRESS Coverage 
from the ISS

Instrument
•Leverages functionally-tested PHyTIR space-ready hardware 
developed under the NASA Instrument Incubator Program:

─ Spectral resolution: 5 bands in the thermal infrared 
window (8-12.5 μm) part of the electromagnetic spectrum

─ Noise equivalent delta temperature: ≤ 0.3 K
─ Spatial resolution: 38 m x 69 m
─ Swath width: 400 km @ 400 km altitude (51°)

•Well understood measurement and algorithms based on 
prior missions, such as ASTER, MODIS, and Landsat

The inclined, precessing ISS orbit enables ECOSTRESS to 
sample the diurnal cycle in critical regions across the globe at 
spatiotemporal scales missed by current instruments in Sun-

synchronous polar and high-altitude geostationary orbits.

Mission
• Class D $30M cost cap
• 31-months from project start to delivery
• JPL implementation and management
• 69-month project duration (Phase A-F)
• On ISS-JEMS Module 
• 12-month Science Operations (Phase E) Cal Year

Delivery

Launch
Start SRR/ PDR CDR TRR
Oct 1 MDR

A FPhase

Milestone

2014 2015 2016 2017 2018

DCB

ORR
PSR



SUMMARY

- Future looks promising for hyperspectral VSWIR sampling missions:
EnMAP (Germany), Resurs-P No. 3 (Russia), HISUI (Japan),  

Cartosat-3 (India), CCRSS (China)

- Lack of funded, manifested global mapping VSWIR missions

- Very few multispectral TIR missions funded beyond ASTER:
ECOSTRESS (USA)
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